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PREFACE 


It is with great sense of gratitude and humility I take this blessed moment to offer 
this Seventh Edition of Piping Handbook. The challenge presented by the success 
of the Sixth Edition, coupled with our objective to enhance its reference value and 
widen its scope, motivated us to reach out and draw upon the recognized expertise 
on piping related topics not covered in the Sixth Edition. In addition, we directed 
our synergetic efforts to upgrade the existing contents to include the latest advances 
and developments in the field of piping and related technologies. 

Fifteen (15) new chapters and nine (9) new appendixes have been added. These 
additions accord a unique status to this resource book as it covers piping related 
topics not covered in any one book. Inclusion of metric and/or SI units along with 
US customary units is intended to accommodate the growing needs of the shrinking 
world and the realities of the international market. We have maintained the familiar 
and easy to use format of the Sixth Edition. 

I consider myself fortunate to have the opportunity to associate and work with 
renowned and recognized specialists and leaders whose contributions are not limited 
to this Piping Handbook, but go far beyond. For me it has been a rewarding and 
enlightening experience. I find myself humbled by depth of their knowledge, practi- 
cal experience, and professional achievements. These distinguished contributors 
have offered the sum total of their know how in the form of guidance, cautions, 
prohibitions, recommendations, practical illustrations, and examples, which should 
be used prudently with due consideration for application requirements. The 
strength, authenticity, and utility of this reference book lie in the wide spread 
diversity of their expertise and unity of their professionalism. 

Based upon the feedback received over the past seven years from the users of 
the Sixth Edition of this handbook, I feel honored to express my and users gratitude 
to all the contributors for their commitment to their profession and their higher 
goal of helping others. They have made the difference. Their spirit of giving back 
has not only continued, but has brought in new contributors to expand the scope 
and enhance the utility of this handbook. I feel confident that all the contributors 
shall enjoy the professional satisfaction and the gratitude of users of this handbook. 

The selfless efforts of all the reviewers listed in the Honors List are of great 
significance in making improvements in presentation of the subject matter. The 
extent of their experience, knowledge, and an insight of topics has been instrumental 
in extracting the best out of contributors and upgrading the contents of this 
handbook. 

The contributors and reviewers have earned a distinguished status. I salute their 
commitment; admire their efforts; respect their professionalism; and applaud their 
achievements. I want to recognize their perseverance, dedication, hard work and 
sincerity of their commitment in spite of increasing demands on their time. 

I am indebted to the members of the editorial team who spent countless hours 
and made personal sacrifices to make this team project a reality. Jill Hershey, Troy 
Skillen, and Soami Suri did not spare any effort to not only fulfill their commitment, 
but went beyond to accomplish the objectives. They offered constructive comments, 
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new ideas and energy to support them. In addition to contributing, they assisted 
me in reviewing, editing, checking and correcting the manuscript. Furthermore, 
they provided an objective assessment of needs of progressive professionals involved 
in piping related fields. Their efforts reinforced my faith in bright future of our 
profession. The support and assistance provided by Ervin L. Geiger and Sabin 
Crocker, Jr., as Associate Editors, is key to the successful completion of this effort. 

Each and every individual providing administrative, technical and automation 
services, listed in Honors List, kept the entire process moving smoothly by their 
sincere efforts. Linda Ludewig, Peggy Lamb, and the others at McGraw-Hill could 
not be better or more cooperative in accommodating our reasonable and unreason- 
able requests in producing this handbook to the best of their abilities. 

Whenever you, the readers and users of this handbook, find it to be of help in 
your mission, please thank the contributors, reviewers, technical, administrative 
and automation personnel listed in the Honors List, and the editorial and production 
staff of McGraw-Hill. If, at any time, this handbook falls short of your expectations, 
please do not hesitate to pass it on to me. It will help us improve the contents and 
their utility. I shall owe you my gratitude. 

I take pride in recognizing the active support of my daughters, Mukta and 
Mahak; and my son, Manav; who helped me in researching and collecting data; 
preparing manuscript; reviewing proof pages; and performing other tasks, as needed. 
This time they not only allowed me to devote their share of my life to this handbook, 
but also dedicated a part of their life to it. My wife, Prabha, provided the proverbial 
support a spouse can hope for, in doing and accomplishing what I aimed for. No 
words can convey my feelings and thoughts for her contributions. 


Mohinder L. Nayyar 


HOW TO USE THIS 
HANDBOOK 


As with any handbook, the user of this handbook can seek the topic covered either 
with the help of the table of contents or the index. However, an understanding of 
the organization and the format of this handbook will enhance its utility. 

The handbook is organized in five parts: 

Part A, Piping Fundamentals: There are ten chapters in Part A, numbered 
A] through A10, dealing with commonly used terminology associated with piping 
units—U.S. Customary units and metric/SI units, piping components, materials, 
piping codes and standards, manufacturing of piping, fabrication and installation 
of piping, bolted joints, prestressed concrete piping, and grooved and Pressfit piping 
systems, Each chapter is a self-contained unit. The chapter numbers, figures and 
tables sequentially preceded. For example, in the case of Chapter Al, the figures 
are numbered as Fig. A1.1, Fig. A1.2, and so on, and tables are numbered as Table 
A1.1, Table A1.2, and so on. Pages are numbered sequentially throughout each 
part, starting with A.1. 

Part B, Generic Design Considerations: The Part B consists of fourteen chapters. 
The topics covered deal with generic design considerations, which may be applicable 
to any piping system irrespective of the fluid or the mixture carried by the piping. 
The generic topics are design documents, design bases, piping layout, stress analysis, 
piping supports, heat tracing, thermal insulation, and flow of fluids. In addition, the 
lined piping systems: cement, rubber, epoxy and plastic lined piping systems are 
included to provide guidance when corrosion is a concern. A chapter on double 
containment piping systems provides needed guidance to handle hazardous fluids. 
The last chapter in Part B deals with pressure testing of piping systems. The chapter, 
page, figure, and table numbering scheme is similar to that described for Part A. 

Part C, Piping Systems: There are 17 chapters in Part C, each dealing with a 
specific type of piping system or systems involving application of specific considera- 
tions. The piping systems covered include water, fire protection, steam, building 
services, oil, gas, chemical and refinery (process piping), cryogenic, refrigeration, 
toxic and hazardous wastes, slurry and sludge, stormwater and wastewater, plumb- 
ing, ash handling, compressed air and vacuum, fuel gas and laboratory piping 
systems. The numbering approach for Part C is similar to Part A. 

Part D, Nonmetallic Piping: Part D has two chapters, Dl and D2. Chapter DI 
addresses thermoplastics piping, and Chapter D2 covers fiberglass piping systems. 
The numbering scheme for pages, figures, and tables is similar to the one followed 
for Part A. 

Part E, Appendixes: Part E of the handbook contains reference technical data 
and information that could be very handy and useful to the users. It consists of 10 
appendixes, El through E10. They include conversion tables, pipe and tube proper- 
ties, pressure drop tables, ASTM and international piping materials, fluid properties, 
piping related computer programs, and an exhaustive list of international standards. 

Depending upon the need, level of piping knowledge, and requirements, the 


xix 


XX HOW TO USE THIS HANDBOOK 


user of this handbook may find it very convenient to locate the desired information 
by focusing on a specific part of the handbook. 

Last but not least, the Seventh Edition of Piping Handbook includes metric/SI 
units in parentheses. The values stated in each system are not exact equivalents; 
therefore, each system must be used independently of the other. At times, unit 
equivalents are rounded off while at places they are approximated to provide a 
measure of equivalency. Different approaches have been followed depending upon 
the practices prevalent in a segment of the piping industry. We regret the variations 
and expect the users to understand the state of the art in regard to use of units. 
The users are cautioned to check and verify units prior to making calculations with 
the help of equations included in the handbook or elsewhere. 
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PIPING 
FUNDAMENTALS 


CHAPTER A1 
INTRODUCTION TO PIPING 


Mohinder L Nayyar, P. E. 
ASME Fellow 
Bechtel Power Corporation 


INTRODUCTION 


Piping systems are like arteries and veins. They carry the lifeblood of modern 
civilization. In a modern city they transport water from the sources of water supply 
to the points of distribution; convey waste from residential and commercial buildings 
and other civic facilities to the treatment facility or the point of discharge. Similarly, 
pipelines carry crude oil from oil wells to tank farms for storage or to refineries 
for processing. The natural gas transportation and distribution lines convey natural 
gas from the source and storage tank forms to points of utilization, such as power 
plants, industrial facilities, and commercial and residential communities. In chemical 
plants, paper mills, food processing plants, and other similar industrial establish- 
ments, the piping systems are utilized to carry liquids, chemicals, mixtures, gases, 
vapors, and solids from one location to another. 

The fire protection piping networks in residential, commercial, industrial, and 
other buildings carry fire suppression fluids, such as water, gases, and chemicals to 
provide protection of life and property. The piping systems in thermal power plants 
convey high-pressure and high-temperature steam to generate electricity. Other 
piping systems in a power plant transport high- and low-pressure water, chemicals, 
low-pressure steam, and condensate. Sophisticated piping systems are used to pro- 
cess and carry hazardous and toxic substances. The storm and wastewater piping 
systems transport large quantities of water away from towns, cities, and industrial 
and similar establishments to safeguard life, property, and essential facilities. 

In health facilities, piping systems are used to transport gases and fluids for 
medical purposes. The piping systems in laboratories carry gases, chemicals, vapors, 
and other fluids that are critical for conducting research and development. In short, 
the piping systems are an essential and integral part of our modern civilization just 
as arteries and veins are essential to the human body. 

The design, construction, operation, and maintenance of various piping systems 
involve understanding of piping fundamentals, materials, generic and specific design 
considerations, fabrication and installation, examinations, and testing and inspection 
requirements, in addition to the local, state and federal regulations. 
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PIPING 


Piping includes pipe, flanges, fittings, bolting, gaskets, valves, and the pressure- 
containing portions of other piping components. It also includes pipe hangers and 
supports and other items necessary to prevent overpressurization and overstressing 
of the pressure-containing components. It is evident that pipe is one element or a 
part of piping. Therefore, pipe sections when joined with fittings, valves, and other 
mechanical equipment and properly supported by hangers and supports, are 
called piping. 


Pipe 


Pipe is a tube with round cross section conforming to the dimensional require- 
ments of 


* ASME B36.10M Welded and Seamless Wrought Steel Pipe 
* ASME B36.19M Stainless Steel Pipe 


Pipe Size 


Initially a system known as iron pipe size (IPS) was established to designate the 
pipe size. The size represented the approximate inside diameter of the pipe in 
inches. An IPS 6 pipe is one whose inside diameter is approximately 6 inches (in). 
Users started to call the pipe as 2-in, 4-in, 6-in pipe and so on. To begin, each pipe 
size was produced to have one thickness, which later was termed as standard (STD) 
or standard weight (STD. WT.). The outside diameter of the pipe was standardized. 

As the industrial requirements demanded the handling of higher-pressure fluids, 
pipes were produced having thicker walls, which came to be known as extra strong 
(XS) or extra heavy (XH). The higher pressure requirements increased further, 
requiring thicker wall pipes. Accordingly, pipes were manufactured with double 
extra strong (XXS) or double extra heavy (XXH) walls while the standardized 
outside diameters are unchanged. 

With the development of stronger and corrosion-resistant piping materials, the 
need for thinner wall pipe resulted in a new method of specifying pipe size and 
wall thickness. The designation known as nominal pipe size (NPS) replaced IPS, 
and the term schedule (SCH) was invented to specify the nominal wall thickness 
of pipe. 

Nominal pipe size (NPS) is a dimensionless designator of pipe size. It indicates 
standard pipe size when followed by the specific size designation number without 
an inch symbol. For example, NPS 2 indicates a pipe whose outside diameter is 
2.375 in. The NPS 12 and smaller pipe has outside diameter greater than the size 
designator (say, 2, 4, 6,. . .). However, the outside diameter of NPS 14 and larger 
pipe is the same as the size designator in inches. For example, NPS 14 pipe has an 
outside diameter equal to 14 in. The inside diameter will depend upon the pipe 
wall thickness specified by the schedule number. Refer to ASME B36.10M or 
ASME B36.19M. Refer to App. E2 or E2M. 

Diameter nominal (DN) is also a dimensionless designator of pipe size in the 
metric unit system, developed by the International Standards Organization (ISO). 
It indicates standard pipe size when followed by the specific size designation number 
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TABLE A1.1 Pipe Size Designators: NPS and DN 


NPS DN NPS DN NPS DN NPS DN 
Vs 6 3% 90 22 550 44 1100 
V 8 4 100 24 600 48 1200 
3A 10 5 125 26 650 52 1300 
Ve 15 6 150 28 700 56 1400 
3A 20 8 200 30 750 60 1500 

1 25 10 250 32 800 64 1600 

1% 32 12 300 34 850 68 1700 

1% 40 14 350 36 900 72 1800 

2 50 16 400 38 950 76 1900 

2% 65 18 450 40 1000 80 2000 

3 80 20 500 42 1050 — — 
Notes: 


1. For sizes larger than NPS 80, determine the DN equivalent by multiplying NPS size designation number 
by 25. 


without a millimeter symbol. For example, DN 50 is the equivalent designation of 
NPS 2. Refer to Table A1.1 for NPS and DN pipe size equivalents. 


Pipe Wall Thickness 


Schedule is expressed in numbers (5, 5S, 10, 10S, 20, 20S, 30, 40, 40S, 60, 80, 80S, 
100, 120, 140, 160). A schedule number indicates the approximate value of the 
expression 1000 P/S, where P is the service pressure and S is the allowable stress, 
both expressed in pounds per square inch (psi). The higher the schedule number, 
the thicker the pipe is. The outside diameter of each pipe size is standardized. 
Therefore, a particular nominal pipe size will have a different inside diameter 
depending upon the schedule number specified. 

Note that the original pipe wall thickness designations of STD, XS, and XXS 
have been retained; however, they correspond to a certain schedule number de- 
pending upon the nominal pipe size. The nominal wall thickness of NPS 10 and 
smaller schedule 40 pipe is same as that of STD. WT. pipe. Also, NPS 8 and smaller 
schedule 80 pipe has the same wall thickness as XS pipe. 

The schedule numbers followed by the letter S are per ASME B36.19M, and 
they are primarily intended for use with stainless steel pipe. The pipe wall thickness 
specified by a schedule number followed by the letter S may or may not be the 
same as that specified by a schedule number without the letter S. Refer to ASME 
B36.19M and ASME B36.10M.'^! 

ASME B36.19M does not cover all pipe sizes. Therefore, the dimensional require- 
ments of ASME B36.10M apply to stainless steel pipe of the sizes and schedules 
not covered by ASME B36.19M. 


PIPING CLASSIFICATION 


It is usual industry practice to classify the pipe in accordance with the pressure- 
temperature rating system used for classifying flanges. However, it is not essential 
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TABLE A1.2 Piping Class Ratings Based on ASME B16.5 and Corresponding PN 
Designators 


Class 150 300 400 600 900 1500 2500 
PN 20 50 68 110 150 260 420 
Notes: 


1. Pressure-temperature ratings of different classes vary with the temperature and the material of con- 
struction. 
2 For pressure-temperature ratings, refer to tables in ASME B16.5, or ASME B16.34. 


that piping be classified as Class 150, 300, 400, 600, 900, 1500, and 2500. The piping 
rating must be governed by the pressure-temperature rating of the weakest pressure- 
containing item in the piping. The weakest item in a piping system may be a fitting 
made of weaker material or rated lower due to design and other considerations. 
Table A1.2 lists the standard pipe class ratings based on ASME B16.5 along with 
corresponding pression nominal (PN) rating designators. Pression nominal is the 
French equivalent of pressure nominal. 

In addition, the piping may be classified by class ratings covered by other ASME 
standards, such as ASME B16.1, B16.3, B16.24, and B16.42. A piping system may 
be rated for a unique set of pressures and temperatures not covered by any standard. 

Pression nominal (PN) is the rating designator followed by a designation number, 
which indicates the approximate pressure rating in bars. The bar is the unit of 
pressure, and 1 bar is equal to 14.5 psi or 100 kilopascals (kPa). Table A1.2 provides 
a cross-reference of the ASME class ratings to PN rating designators. It is evident 
that the PN ratings do not provide a proportional relationship between different 
PN numbers, whereas the class numbers do. Therefore, it is recommended that 
class numbers be used to designate the ratings. Refer to Chap. B2 for a more 
detailed discussion of class rating of piping systems. 


OTHER PIPE RATINGS 


Manufacturer's Rating 


Based upon a unique or proprietary design of a pipe, fitting, or joint, the manufac- 
turer may assign a pressure-temperature rating that may form the design basis for 
the piping system. Examples include Victaulic couplings and the Pressfit system 
discussed in Chap. A9. 

In no case shall the manufacturer's rating be exceeded. In addition, the manufac- 
turer may impose limitations which must be adhered to. 


NFPA Ratings 


The piping systems within the jurisdiction of the National Fire Protection Associa- 
tion (NFPA) requirements are required to be designed and tested to certain required 
pressures. These systems are usually rated for 175 psi (1207.5 kPa), 200 psi (1380 
kPa), or as specified. 
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AWWA Ratings 


The American Water Works Association (AWWA) publishes standards and speci- 
fications, which are used to design and install water pipelines and distribution system 
piping. The ratings used may be in accordance with the flange ratings of AWWA 
C207, Steel Pipe Flanges; or the rating could be based upon the rating of the joints 
used in the piping. 


Specific or Unique Rating 


When the design pressure and temperature conditions of a piping system do not 
fall within the pressure-temperature ratings of above-described rating systems, the 
designer may assign a specific rating to the piping system. Examples of such applica- 
tions include main steam or hot reheat piping of a power plant, whose design 
pressure and design temperature may exceed the pressure-temperature rating of 
ASME B106.5 Class 2500 flanges. It is normal to assign a specific rating to the piping. 
This rating must be equal to or higher than the design conditions. The rating of all 
pressure-containing components in the piping system must meet or exceed the 
specific rating assigned by the designer. 


Dual Ratings 


Sometimes a piping system may be subjected to full-vacuum conditions or sub- 
merged in water and thus experience external pressure, in addition to withstanding 
the internal pressure of the flow medium. Such piping systems must be rated for 
both internal and external pressures at the given temperatures. In addition, a piping 
system may handle more than one flow medium during its different modes of 
operation. Therefore, such a piping system may be assigned a dual rating for two 
different flow media. For example, a piping system may have condensate flowing 
through it at some lower temperature during one mode of operation while steam 
may flow through it at some higher temperature during another mode of operation. 
It may be assigned two pressure ratings at two different temperatures. 


GENERAL DEFINITIONS 


Absolute Viscosity. Absolute viscosity or the coefficient of absolute viscosity is 
a measure of the internal resistance. In the centimeter, gram, second (cgs) or metric 
system, the unit of absolute viscosity is the poise (abbreviated P), which is equal 
to 100 centipoise (cP). The English units used to measure or express viscosity are 
slugs per foot-second or pound force seconds per square foot. Sometimes, the 
English units are also expressed as pound mass per foot-second or poundal seconds 
per square foot. Refer to Chap. B8 of this handbook. 


Adhesive Joint. A joint made in plastic piping by the use of an adhesive substance 
which forms a continuous bond between the mating surfaces without dissolving 
either one of them. Refer to Part D of this handbook. 


Air-Hardened Steel. A steel that hardens during cooling in air from a temperature 
above its transformation range.! 
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Alloy Steel. A steel which owes its distinctive properties to elements other than 
carbon. Steel is considered to be alloy steel when the maximum of the range given 
for the content of alloying elements exceeds one or more of the following limits?: 


Manganese 1.65 percent 
Silicon 0.60 percent 
Copper 0.60 percent 


or a definite range or a definite minimum quantity of any of the following elements 
is specified or required within the limits of the recognized field of constructional 
alloy steels: 


Aluminum Nickel 
Boron Titanium 
Chromium (up to 3.99 percent) Tungsten 
Cobalt Vanadium 
Columbium Zirconium 
Molybdenum 


or any other alloying element added to obtain a desired alloying effect. 

Small quantities of certain elements are unavoidably present in alloy steels. In 
many applications, these are not considered to be important and are not specified 
or required. When not specified or required, they should not exceed the follow- 
ing amounts: 


Copper 0.35 percent 
Chromium 0.20 percent 
Nickel 0.25 percent 


Molybdenum 0.06 percent 


Ambient Temperature. The temperature of the surrounding medium, usually used 
to refer to the temperature of the air in which a structure is situated or a device op- 
erates. 


Anchor. A rigid restraint providing substantially full fixation, permitting neither 
translatory nor rotational displacement of the pipe. 


Annealing. Heating a metal to a temperature above a critical temperature and 
holding above that range for a proper period of time, followed by cooling at a 
suitable rate to below that range for such purposes as reducing hardness, improving 
machinability, facilitating cold working, producing a desired microstructure, or 
obtaining desired mechanical, physical, or other properties.? (A softening treatment 
is often carried out just below the critical range which is referred to as a subcriti- 
cal annealing.) 


Arc Cutting. A group of cutting processes in which the severing or removing of 
metals is effected by melting with the heat of an arc between an electrode and the 
base metal (includes carbon, metal, gas metal, gas tungsten, plasma, and air carbon 
arc cutting). See also Oxygen Cutting. 


Arc Welding. A group of welding processes in which coalescence is produced by 
heating with an electric arc or arcs, with or without the application of pressure and 
with or without the use of filler metal.*“ 
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Assembly. The joining together of two or more piping components by bolting, 
welding, caulking, brazing, soldering, cementing, or threading into their installed 
location as specified by the engineering design. 


Automatic Welding. Welding with equipment which performs the entire welding 
operation without constant observation and adjustment of the controls by an opera- 
tor. The equipment may or may not perform the loading and unloading of the work.?? 


Backing Ring. Backing in the form of a ring that can be used in the welding of 
piping to prevent weld spatter from entering a pipe and to ensure full penetration 
of the weld to the inside of the pipe wall. 


Ball Joint. A component which permits universal rotational movement in a pip- 
ing system? 


Base Metal. The metal to be welded, brazed, soldered, or cut. It is also referred 
to as parent metal. 


Bell-Welded Pipe. Furnace-welded pipe produced in individual lengths from cut- 
length skelp, having its longitudinal butt joint forge-welded by the mechanical 
pressure developed in drawing the furnace-heating skelp through a cone-shaped 
die (commonly known as a welding bell), which serves as a combined forming and 
welding die. 


Bevel. A type of edge or end preparation. 


Bevel Angle. The angle formed between the prepared edge of a member and a 
plane perpendicular to the surface of the member. See Fig. A1.1. 


Blank Flange. A flange that is not drilled but is otherwise complete. 


Blind Flange. A flange used to close the end of a pipe. It produces a blind end 
which is also known as a dead end. 


Bond. The junction of the weld metal and the base metal, or the junction of the 
base metal parts when weld metal is not present. See Fig. A12. 


Branch Connection. The attachment of a branch pipe to the run of a main pipe 
with or without the use of fittings. 


Braze Welding. A method of welding whereby a groove, fillet, plug, or slot weld 
is made using a nonferrous filler metal having a melting point below that of the 


Bond 


FIGURE A1.2 Bond between base metal and 
FIGURE A1.1 Bevel angle. weld metal. 


A.10 PIPING FUNDAMENTALS 


base metals, but above 800°F. The filler metal is not distributed in the joint by 
capillary action? (Bronze welding, the term formerly used, is a misnomer.) 


Brazing. A metal joining process in which coalescence is produced by use of a 
nonferrous filler metal having a melting point above 800°F but lower than that of 
the base metals joined. The filler metal is distributed between the closely fitted 
surfaces of the joint by capillary action? 


Butt Joint. A joint between two members lying approximately in the same plane? 


Butt Weld. Weld along a seam that is 
butted edge to edge. See Fig. A1.3. 


Bypass. A small passage around a 
large valve for warming up a line. An 
emergency connection around a reduc- 
ing valve, trap, etc., to use in case it is 
out of commission. 


FIGURE A13 A circumferential butt- 
welded joint. 


Carbon Steel. A steel which owes its distinctive properties chiefly to the carbon 
(as distinguished from the other elements) which it contains. Steel is considered to 
be carbon steel when no minimum content is specified or required for aluminum, 
boron, chromium, cobalt, columbium, molybdenum, nickel, titanium, tungsten, va- 
nadium, or zirconium or for any other element added to obtain a desired alloying 
effect; when the specified minimum for copper does not exceed 0.40 percent; or 
when the maximum content specified for any of the following elements does not 
exceed the percentages noted: manganese, 1.65 percent; silicon, 0.60 percent; copper, 
0.60 percent? 


Cast Iron. A generic term for the family of high carbon-silicon-iron casting alloys 
including gray, white, malleable, and ductile iron. 


Centrifugally Cast Pipe. Pipe formed from the solidification of molten metal in 
a rotating mold. Both metal and sand molds are used. After casting, if required 
the pipe is machined, to sound metal, on the internal and external diameters to 
the surface roughness and dimensional requirements of the applicable material spec- 
ification. 


Certificate of Compliance. A written statement that the materials, equipment, or 
services are in accordance with the specified requirements. It may have to be 
supported by documented evidence.° 


Certified Material Test Report (CMTR). A document attesting that the material 
is in accordance with specified requirements, including the actual results of all 
required chemical analyses, tests, and examinations. 


Chamfering. The preparation of a contour, other than for a square groove weld, 
on the edge of a member for welding. 


Cold Bending. The bending of pipe to a predetermined radius at any temperature 
below some specified phase change or transformation temperature but especially 
at or near room temperature. Frequently, pipe is bent to a radius of 5 times the 
nominal pipe diameter. 
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Cold Working. Deformation of a metal plastically. Although ordinarily done at 
room temperature, cold working may be done at the temperature and rate at 
which strain hardening occurs. Bending of steel piping at 1300°F (704°C) would be 
considered a cold-working operation. 


Companion Flange. A pipe flange suited to connect with another flange or with 
a flanged valve or fitting. A loose flange which is attached to a pipe by threading, 
van stoning, welding, or similar method as distinguished from a flange which is cast 
integrally with a fitting or pipe. 


Consumable Insert. Preplaced filler 
metal which is completely fused into the 
root of the joint and becomes part of the 
weld.' See Fig. A1.4. 


Ee 0.062" £000?" 


0.1875" +0.005" 


welded pipe produced in continuous 
lengths from coiled skelp and subse- 
quently cut into individual lengths, hav- 
ing its longitudinal butt joint forge- 
welded by the mechanical pressure de- 
veloped in rolling the hot-formed skelp 
through a set of round pass welding 
rolls.? 


Continuous-Welded Pipe. Furnace- | 


Contr actor. R The entity responsible for FIGURE A1.4 Consumable insert ring in- 
furnishing materials and services for fab- ^ serted in pipe joint eccentrically for welding in 
rication and installation of piping and horizontal position. 

associated equipment. 


Control Piping. All piping, valves, and fittings used to interconnect air, gas, or 
hydraulically operated control apparatus or instrument transmitters and receivers.? 


Controlled Cooling. A process of cooling from an elevated temperature in a 
predetermined manner to avoid hardening, cracking, or internal damage or to 
produce a desired metallurgical microstructure. This cooling usually follows the 
final hot-forming or postheating operation. 


Corner Joint. A joint between two 
members located approximately at right 
angles to each other in the form of an 
L. See Fig. A1.5. 


Coupling. A threaded sleeve used to 
connect two pipes. Commercial cou- 
plings have internal threads to fit exter- 
nal threads on pipe. 


FIGURE A1.5 Corner joint. 


Covered Electrode. A filler metal electrode, used in arc welding, consisting of a 
metal core wire with a relatively thick covering which provides protection for the 
molten metal from the atmosphere, improves the properties of the weld metal, and 
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stabilizes the arc. Covered electrodes are extensively used in shop fabrication and 
field erection of piping of carbon, alloy, and stainless steels. 


Crack. A fracture-type imperfection characterized by a sharp tip and high ratio 
of length and depth to opening displacement. 


Creep or Plastic Flow of Metals. At sufficiently high temperatures, all metals 
flow under stress. The higher the temperature and stress, the greater the tendency 
to plastic flow for any given metal. 


Cutting Torch. A device used in oxygen, air, or powder cutting for controlling 
and directing the gases used for preheating and the oxygen or powder used for 
cutting the metal. 


Defect. A flaw or an imperfection of such size, shape, orientation, location, or 
properties as to be rejectable per the applicable minimum acceptance standards.’ 


Density. The density of a substance is the mass of the substance per unit volume. 
It may be expressed in a variety of units. 


Deposited Metal. Filler metal that has been added during a welding operation.’ 


Depth of Fusion. The distance that fu- Depth of fusion 
sion extends into the base metal from 

the surface melted during welding. See 

Fig. A1.6. 


Designer. Responsible for ensuring FIGURE A1.6 Depth of fusion. 

that the engineering design of piping 

complies with the requirements of the applicable code and standard and any addi- 
tional requirements established by the owner. 


Dew Point. The temperature at which the vapor condenses when it is cooled at 
constant pressure. 


Dilatant Liquid. If the viscosity of a liquid increases as agitation is increased at 
constant temperature, the liquid is termed dilatant. Examples are clay slurries and 
candy compounds. 


Discontinuity. A lack of continuity or cohesion; an interruption in the normal 
physical structure of material or a product.’ 


Double Submerged Arc-Welded Pipe. Pipe having a longitudinal butt joint pro- 
duced by at least two passes, one of which is on the inside of the pipe. Coalescence 
is produced by heating with an electric arc or arcs between the bare metal electrode 
or electrodes and the work. The welding is shielded by a blanket of granular, fusible 
material on the work. Pressure is not used, and filler metal for the inside and outside 
welds is obtained from the electrode or electrodes. 


Ductile Iron. A cast ferrous material in which the free graphite is in a spheroidal 
form rather than a fluke form. The desirable properties of ductile iron are achieved 
by means of chemistry and a ferritizing heat treatment of the castings. 
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Eddy Current Testing. ‘This is a nondestructive testing method in which eddy 
current flow is induced in the test object. Changes in the flow caused by variations 
in the object are reflected into a nearby coil or coils for subsequent analysis by 
suitable instrumentation and techniques. 


Edge Joint. A joint between the edges of two or more parallel or nearly paral- 
lel members. 


Edge Preparation. The contour pre- die 
pared on the edge of a member for weld- PESE edad 
ing. See Fig. A1.7. 


Electric Flash-Welded Pipe. Pipe hav- 

ing a longitudinal butt joint in which co- 

alescence is produced simultaneously FIGURE A1.7 Edge preparation. 

over the entire area of abutting surfaces 

by the heat obtained from resistance to 

the flow of electric current between the two surfaces and by the application of 
pressure after heating is substantially completed. Flashing and upsetting are accom- 
panied by expulsion of metal from the joint.‘ 


Electric Fusion-Welded Pipe. Pipe having a longitudinal or spiral butt joint in 
which coalescence is produced in the preformed tube by manual or automatic 
electric arc welding. The weld may be single or double and may be made with or 
without the use of filler metal. 


Electric Resistance-Welded Pipe. Pipe produced in individual lengths or in contin- 
uous lengths from coiled skelp and subsequently cut into individual lengths having 
a longitudinal butt joint in which coalescence is produced by the heat obtained 
from resistance of the pipe to the flow of electric current in a circuit of which the 
pipe is a part and by the application of pressure.’ 


Electrode. See Covered Electrode. 


End Preparation. The contour prepared on the end of a pipe, fitting, or nozzle 
for welding. The particular preparation is prescribed by the governing code. Refer 
to Chap. A6 of this handbook. 


Engineering Design. The detailed design developed from process requirements 
and conforming to established design criteria, including all necessary drawings and 
specifications, governing a piping installation.’ 


Equipment Connection. An integral part of such equipment as pressure vessels, 
heat exchangers, pumps, etc., designed for attachment of pipe or piping components.’ 


Erection. The complete installation of a piping system, including any field assem- 
bly, fabrication, testing, and inspection of the system? 


Erosion. Destruction of materials by the abrasive action of moving fluids, usually 
accelerated by the presence of solid particles.’ 


Examination. The procedures for all visual observation and nondestructive 
testing. 
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Expansion Joint. A flexible piping component which absorbs thermal and/or 
terminal movement. 


Extruded Nozzles. The forming of nozzle (tee) outlets in pipe by pulling hemi- 
spherically or conically shaped dies through a circular hole from the inside of the 
pipe. Although some cold extruding is done, it is generally performed on steel after 
the area to be shaped has been heated to temperatures between 2000 and 1600°F 
(1093 and 871°C). 


Extruded Pipe. Pipe produced from hollow or solid round forgings, usually in a 
hydraulic extrusion press. In this process the forging is contained in a cylindrical 
die. Initially a punch at the end of the extrusion plunger pierces the forging. The 
extrusion plunger then forces the contained billet between the cylindrical die and 
the punch to form the pipe, the latter acting as a mandrel. 

One variation of this process utilizes autofrettage (hydraulic expansion) and 
heat treatment, above the recrystallization temperature of the material, to produce 
a wrought structure. 


Fabrication. Primarily, the joining of piping components into integral pieces ready 
for assembly. It includes bending, forming, threading, welding, or other operations 
upon these components, if not part of assembly. It may be done in a shop or in 
the field. 


Face of Weld. The exposed surface of a weld on the side from which the welding 
was done.** 


Filler Metal. Metal to be added in welding, soldering, brazing, or braze welding. 


Fillet Weld. A weld of an approximately triangular cross section joining two 
surfaces approximately at right angles to each other in a lap joint, tee joint, corner 
joint, or socket weld? See Fig. A1.8. 


Fire Hazard. Situation in which a material of more than average combustibility 
or explodibility exists in the presence of a potential ignition source? 


Flat-Land Bevel. A square extended root face preparation extensively used in 
inert-gas, root-pass welding of piping. See Fig. A1.9. 


Fillet weld 


FIGURE A1.8 Fillet weld. FIGURE A1.9 Flat-land bevel. 
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Flat position 
FIGURE A1.10 Welding in the flat position. 


Flat Position. The position of welding which is performed from the upper side 
of the joint, while the face of the weld is approximately horizontal. See Fig. A1.10. 


Flaw. An imperfection of unintentional discontinuity which is detectable by a 
nondestructive examination.’ 


Flux. Material used to dissolve, prevent accumulation of, or facilitate removal of 
oxides and other undesirable substances during welding, brazing, or soldering. 


Flux-Cored Arc Welding (FCAW). An arc welding process that employs a contin- 
uous tubular filler metal (consumable) electrode having a core of flux for shielding. 
Adding shielding may or may not be obtained from an externally supplied gas or 
gas mixture. 


Forge Weld. A method of manufacture similar to hammer welding. The term 
forge welded is applied more particularly to headers and large drums, while hammer 
welded usually refers to pipe. 


Forged and Bored Pipe. Pipe produced by boring or trepanning of a forged billet. 


Full-Fillet Weld. A fillet weld whose size is equal to the thickness of the thinner 
member joined.’ 


Fusion. The melting together of filler and base metal, or of base metal only, which 
results in coalescence.? 


Fusion Zone. The area of base metal Fusion zone 
melted as determined on the cross sec- 
tion of a weld. See Fig. A1.11. 


Galvanizing. A Process by which th € FIGURE A111 Fusion zone is the section of 
surface of Iron or steel is covered with the parent metal which melts during the weld- 
a layer of zinc. ing process. 


Gas Metal Arc Welding (GMAW). An arc welding process that employs a contin- 
uous solid filler metal (consumable) electrode. Shielding is obtained entirely from 
an externally supplied gas or gas mixture.‘* (Some methods of this process have 
been called MIG or CO; welding.) 


Gas Tungsten Arc Welding (GTAW). ^n arc welding process that employs a 
tungsten (nonconsumable) electrode. Shielding is obtained from a gas or gas mix- 
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ture. Pressure may or may not be used, and filler metal may or may not be used. 
(This process has sometimes been called TIG welding.) When shielding is obtained 
by the use of an inert gas such as helium or argon, this process is called inert-gas 
tungsten arc welding.* 


Gas Welding. Welding process in which coalescence is produced by heating with 
a gas flame or flames, with or without the application of pressure and with or 
without the use of filler metal. 


Groove. The opening provided for a groove weld. 


Groove Angle. The total included angle of the groove between parts to be joined 
by a groove weld. See Fig. A1.12. 


Groove angle 
A \ Groove face 


FIGURE A1.12 The groove angle is twice the 
bevel angle. FIGURE A1.13 A groove face. 


Groove Face. That surface of a member included in the groove. See Fig. A1.13. 
Groove Radius. The radius of a J or U groove. See Fig. A1.14. 

Groove Weld. A weld made in the groove between two members to be joined. 
The standard type of groove welds are square, single-V, single-bevel, single-U, 


single-J, double-V, double-U, double-bevel, double-J, and flat-land single, and dou- 
ble-V groove welds. See Fig. A1.15 for a typical groove weld. 


Groove radius 


FIGURE A1.14 A groove radius. FIGURE A1.15 Groove weld. 


Hammer Weld. Method of manufacturing large pipe (usually NPS 20 or DN 500 
and larger) by bending a plate into circular form, heating the overlapped edges to 
a welding temperature, and welding the longitudinal seam with a power hammer 
applied to the outside of the weld while the inner side is supported on an over- 
hung anvil. 


Hangers and Supports. Hangers and supports include elements which transfer the 
load from the pipe or structural attachment to the supporting structure or equipment. 
They include hanging-type fixtures such as hanger rods, spring hangers, sway braces, 
counterweights, turnbuckles, struts, chains, guides, and anchors and bearing-type 
fixtures such as saddles, bases, rollers, brackets, and sliding supports? Refer to 
Chap. B5 of this handbook. 


INTRODUCTION TO PIPING A.17 


Header. A pipe or fitting to which a number of branch pipes are connected. 


Heat-Affected Zone. That portion of the base metal which has not been melted 
but whose mechanical properties or microstructure has been altered by the heat 
of welding or cutting.’ See Fig. A1.16. 


£1 DIY) — weld _ 


MUR AIS of 
SN 


Heot affected Unaffected 
zone base metal FIGURE A117 Horizontal position fillet 
FIGURE A1.16 Welding zones. weld. 


Heat Fusion Joint. A joint made in thermoplastic piping by heating the parts 
sufficiently to permit fusion of the materials when the parts are pressed together. 


Horizontal Fixed Position. In pipe welding, the position of a pipe joint in which 
the axis of the pipe is approximately horizontal and the pipe is not rotated during 
the operation. 


Horizontal-Position Fillet Weld. Welding is performed on the upper side of an 
approximately horizontal surface and against an approximately vertical surface. See 
Fig. A1.17. 


Horizontal-Position Groove Weld. The position of welding in which the weld 
axis lies in an approximately horizontal plane and the face of the weld lies in an 
approximately vertical plane. See Fig. A1.18. 


Rotation 
Axis of 
pipe 
FIGURE A1.18 Horizontal position groove 
weld. FIGURE A1.19 Horizontal rolled position. 


Horizontal Rolled Position. The position of a pipe joint in which welding is 
performed in the flat position by rotating the pipe. See Fig. A1.19. 


Hot Bending. Bending of piping to a predetermined radius after heating to a 
suitably high temperature for hot working. On many pipe sizes, the pipe is firmly 
packed with sand to avoid wrinkling and excessive out-of-roundness. 


HotTaps. Branch piping connections made to operating pipelines, mains, or other 
facilities while they are in operation. 
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Hot Working. The plastic deformation of metal at such a temperature and rate 
that strain hardening does not occur. Extruding or swaging of chrome-moly piping 
at temperatures between 2000 and 1600°F (1093 and 871°C) would be considered 
hot-forming or hot-working operations. 


Hydraulic Radius. The ratio of area of flowing fluid to the wetted perimeter. 


area of flowing fluid 


Hydraulic radius — - 
wetted perimeter 


Impact Test. A test to determine the behavior of materials when subjected to 
high rates of loading, usually in bending, tension, or torsion. The quantity measured 
is the energy absorbed in breaking the specimen by a single blow, as in Charpy or 
Izod tests. 


Imperfection. A condition of being imperfect; a departure of a quality characteris- 
tic from its intended condition? 


Incomplete Fusion. Fusion which is less than complete and which does not result 
in melting completely through the thickness of the joint. 


Indication. The response or evidence from the application of a nondestructive ex- 
amination.” 


Induction Heating. Heat treatment of completed welds in piping by means of 
placing induction coils around the piping. This type of heating is usually performed 
during field erection in those cases where stress relief of carbon- and alloy-steel 
field welds is required by the applicable code. 


Inspection. Activities performed by an authorized inspector to verify whether an 
item or activity conforms to specified requirements. 


Instrument Piping. | All piping, valves, and fittings used to connect instruments to 
main piping, to other instruments and apparatus, or to measuring equipment.” 


Interpass Temperature. In a multiple-pass weld, the minimum or maximum tem- 
perature of the deposited weld metal before the next pass is started. 


Interrupted Welding. Interruption of welding and preheat by allowing the weld 
area to cool to room temperature as generally permitted on carbon-steel and on 
chrome-moly alloy-steel piping after sufficient weld passes equal to at least one- 
third of the pipe wall thickness or two weld layers, whichever is greater, have 
been deposited. 


Joint. A connection between two lengths of pipe or between a length of pipe and 
a fitting. 


Joint Penetration. The minimum Reinforcement Penetration 


depth a groove weld extends from its y 


face into a joint, exclusive of reinforce- x 
ment? See Fig. A1.20. 


Kinematic Viscosity. The ratio of the 

absolute viscosity to the mass density. FIGURE A1.20 Weld joint penetration. 

In the metric system, kinematic viscosity 

is measured in strokes or square centimeters per second. Refer to Chap. B8 of 
this handbook. 
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Laminar Flow. Fluid flow in a pipe is usually considered laminar if the Reynolds 
number is less than 2000. Depending upon many possible varying conditions, the 
flow may be laminar at a Reynolds number as low as 1200 or as high as 40,000; 
however, such conditions are not experienced in normal practice. 


Lap Weld. Weld along a longitudinal seam in which one part is overlapped by 
the other. A term used to designate pipe made by this process. 


Lapped Joint. A A type of pipe joint made by using loose flanges on lengths of pipe 
whose ends are lapped over to give a bearing surface for a gasket or metal-to- 
metal joint. 


Liquid Penetrant Examination or Inspection. This is a nondestructive examina- 
tion method for finding discontinuities that are open to the surface of solid and 
essentially nonporous materials. This method is based on capillary action or capillary 
attraction by which the surface of a liquid in contact with a solid is elevated or 
depressed. A liquid penetrant, usually a red dye, is applied to the clean surface of 
the specimen. Time is allowed for the penetrant to seep into the opening. The 
excess penetrant is removed from the surface. A developer, normally white, is 
applied to aid in drawing the penetrant up or out to the surface. The red penetrant 
is drawn out of the discontinuity, which is located by the contrast and distinct 
appearance of the red penetrant against the white background of the developer. 


Local Preheating. Preheating of a specific portion of a structure. 


Local Stress-Relief Heat Treatment. Stress-relief heat treatment of a specific 
portion of a weldment. This is done extensively with induction coils, resistance 
coils, or propane torches in the field erection of steel piping. 


Machine Welding. Welding with equipment which performs the welding operation 
under the observation and control of an operator. The equipment may or may not 
perform the loading and unloading of the work. 


Magnetic Particle Examination or Inspection. This is a nondestructive examina- 
tion method to locate surface and subsurface discontinuities in ferromagnetic materi- 
als. The presence of discontinuities is detected by the use of finely divided ferromag- 
netic particles applied over the surface. Some of these magnetic particles are 
gathered and held by the magnetic leakage field created by the discontinuity. The 
particles gathered at the surface form an outline of the discontinuity and generally 
indicate its location, size, shape, and extent. 


Malleable Iron. Cast iron which has been heat-treated in an oven to relieve its 
brittleness. The process somewhat improves the tensile strength and enables the 
material to stretch to a limited extent without breaking. 


Manual Welding. Welding wherein the entire welding operation is performed 
and controlled by hand? 


Mean Velocity of Flow. Under steady state of flow, the mean velocity of flow at 
a given cross section of pipe is equal to the rate of flow Q divided by the area of 
cross section A. It is expressed in feet per second or meters per second. 


A.20 PIPING FUNDAMENTALS 


v= = (A1.1) 


where v = mean velocity of flow, in feet per second, ft/s (meters per second, m/s) 
Q = rate of flow, in cubic feet per second, ft?/s (cubic meters per second, 
m?/s) 
A = area of cross section, in square feet, ft? (square meters, m?) 


Mechanical Joint. A joint for the purpose of mechanical strength or leak resistance 
or both, where the mechanical strength is developed by threaded, grooved, rolled, 
flared, or flanged pipe ends or by bolts, pins, and compounds, gaskets, rolled ends, 
caulking, or machined and mated surfaces. These joints have particular application 
where ease of disassembly is desired. 


Mill Length. Also known as random length. The usual run-of-mill pipe is 16 to 
20 ft (5 to 6 m) in length. Line pipe and pipe for power plant use are sometimes 
made in double lengths of 30 to 35 ft (10 to 12 m). 


Miter. Two or more straight sections of pipe matched and joined on a line bisecting 
the angle of junction so as to produce a change in direction.‘ 


Newtonian Liquid. ^ liquid is called newtonian if its viscosity is unaffected by 
the kind and magnitude of motion or agitation to which it may be subjected, as 
long as the temperature remains constant. Water and mineral oil are examples of 
newtonian liquids. 


Nipple. A piece of pipe less than 12 in (0.3 m) long that may be threaded on 
both ends or on one end and provided with ends suitable for welding or a mechanical 
joint. Pipe over 12 in (0.3 m) long is regarded as cut pipe. Common types of nipples 
are close nipple, about twice the length of a standard pipe thread and without any 
shoulder; shoulder nipple, of any length and having a shoulder between the pipe 
threads; short nipple, a shoulder nipple slightly longer than a close nipple and of 
a definite length for each pipe size which conforms to manufacturer' standard; long 
nipple, a shoulder nipple longer than a short nipple which is cut to a specific length. 


Nominal Diameter (DN). A dimensionless designator of pipe in metric system. 
Itindicates standard pipe size when followed by the specific size designation number 
without the millimeter symbol (for example, DN 40, DN 300). 


Nominal Pipe Size (NPS). A dimensionless designator of pipe. It indicates stan- 
dard pipe size when followed by the specific size designation number without an 
inch symbol (for example, NPS 115, NPS 12) 


Nominal Thickness. The thickness given in the product material specification or 
standard to which manufacturing tolerances are applied. 


Nondestructive Examination or Inspection. Inspection by methods that do not 
destroy the item, part, or component to determine its suitability for use. 


Normalizing. A process in which a ferrous metal is heated to a suitable tempera- 
ture above the transformation range and is subsequently cooled in still air at 
room temperature? 
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Nozzle. As applied to piping, this term usually refers to a flanged connection on 
a boiler, tank, or manifold consisting of a pipe flange, a short neck, and a welded 
attachment to the boiler or other vessel. A short length of pipe, one end of which 
is welded to the vessel with the other end chamfered for butt welding, is also 
referred to as a welding nozzle. 


Overhead Position. The position of welding performed from the underside of 
the joint. 


Oxidizing Flame. An oxyfuel gas flame having an oxidizing effect caused by 
excess oxygen. 


Oxyacetylene Cutting. An oxygen-cutting process in which metals are severed by 
the chemical reaction of oxygen with the base metal at elevated temperatures. The 
necessary temperature is maintained by means of gas flames obtained from the 
combustion of acetylene with oxygen. 


Oxyacetylene Welding. A gas welding process in which coalescence is produced 
by heating with a gas flame or flames obtained from the combustion of acetylene 
with oxygen, with or without the addition of filler metal. 


Oxyfuel Gas Welding (OFGW). A group of welding processes in which coales- 
cence is produced by heating with a flame or flames obtained from the combustion 
of fuel gas with oxygen, with or without the application of pressure and with or 
without the use of filler metal. 


Oxygen Cutting (OC). A group of cutting processes used to sever or remove 
metals by means of the reaction of oxygen with the base metal at elevated tempera- 
tures. In the case of oxidation-resistant metals, the reaction is facilitated by use of 
a chemical flux or metal powder.* 


Oxygen Gouging. An application of oxygen cutting in which a chamfer or groove 
is formed. 


Pass. A single progression of a welding or surfacing operation along a joint, weld 
deposit, or substrate. The result of a pass is a weld bead, layer, or spray deposit.? 


Peel Test. A destructive method of examination that mechanically separates a lap 
joint by peeling.’ 


Peening. The mechanical working of metals by means of hammer blows. 


Pickle. The chemical or electrochemical removal of surface oxides. Following 
welding operations, piping is frequently pickled in order to remove mill scale, oxides 
formed during storage, and the weld discolorations. 


Pipe. A tube with a round cross section conforming to the dimensional require- 
ments for nominal pipe size as tabulated in ASME B36.10M and ASME B36.19M. 
For special pipe having diameter not listed in the above-mentioned standards, the 
nominal diameter corresponds to the outside diameter? 


Pipe Alignment Guide. A restraint in the form of a sleeve or frame that permits 
the pipeline to move freely only along the axis of the pipe.’ 
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Pipe Supporting Fixtures. Elements that transfer the load from the pipe or struc- 
tural attachment to the support structure or equipment.? 


Pipeline or Transmission Line. A pipe installed for the purpose of transmitting 
gases, liquids, slurries, etc., from a source or sources of supply to one or more 
distribution centers or to one or more large-volume customers; a pipe installed to 
interconnect source or sources of supply to one or more distribution centers or to 
one or more large-volume customers; or a pipe installed to interconnect sources 
of supply? 


Piping System. Interconnected piping subject to the same set or sets of design con- 
ditions.! 


Plasma Cutting. A group of cutting processes in which the severing or removal 
of metals is effected by melting with a stream of hot ionized gas.! 


Plastic. A material which contains as an essential ingredient an organic substance 
of high to ultrahigh molecular weight, is solid in its finished state, and at some stage 
of its manufacture or processing can be shaped by flow. The two general types of 
plastic are thermoplastic and thermosetting. 


Polarity. The direction of flow of current with respect to the welding electrode 
and workpiece. 


Porosity. Presence of gas pockets or voids in metal. 


Positioning Weld. A weld made in a joint which has been so placed as to facilitate 
the making of the weld. 


Postheating. The application of heat to a fabricated or welded section subsequent 
to a fabrication, welding, or cutting operation. Postheating may be done locally, as 
by induction heating; or the entire assembly may be postheated in a furnace. 


Postweld Heat Treatment. Any heat treatment subsequent to welding 


Preheating. The application of heat to a base metal immediately prior to a welding 
or cutting operation.* 


Pressure. "The force per unit that is acting on a real or imaginary surface within a 
fluid is the pressure or intensity of pressure. It is expressed in pounds per square inch: 


p —144-w-h 4 pa (A1.2) 
p = 0 w.-Ah + p, (A1.2M) 


where p = absolute pressure at a point, psi (kg/cm?) 
w = specific weight, lb/ft? (kg/m?) 
h = height of fluid column above the point, ft (m) 
p. = atmospheric pressure, psi (kg/cm?) 
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The gauge pressure at a point is obtained by designating atmospheric pressure 
as zero: 


p= 144-w-h (A1.3) 
p = 10*(w-h) (metric) (A1.3M) 


where p = gauge pressure. To obtain absolute pressure from gauge pressure, add 
the atmospheric pressure to the gauge pressure. 


Pressure Head. From the definition of pressure, the expression p/w is the pressure 
head. It can be defined as the height of the fluid above a point, and it is normally 
measured in feet. 


Purging. The displacement during welding, by an inert or neutral gas, of the 
air inside the piping underneath the weld area in order to avoid oxidation or 
contamination of the underside of the weld. Gases most commonly used are argon, 
helium, and nitrogen (the last is principally limited to austenitic stainless steel). 
Purging can be done within a complete pipe section or by means of purging fixtures 
of a small area underneath the pipe weld. 


Quenching. Rapid cooling of a heated metal. 


Radiographic Examination or Inspection. Radiography is a nondestructive test 
method which makes use of short-wavelength radiations, such as X-rays or gamma 
rays, to penetrate objects for detecting the presence and nature of macroscopic 
defects or other structural discontinuities. The shadow image of defects or disconti- 
nuities is recorded either on a fluorescent screen or on photographic film. 


Reinforcement. In branch connections, reinforcement is material around a branch 
opening that serves to strengthen it. The material is either integral in the branch 
components or added in the form of weld metal, a pad, a saddle, or a sleeve. In 
welding, reinforcement is weld metal in excess of the specified weld size. 


Reinforcement Weld. Weld metal on the face of a groove weld in excess of the 
metal necessary for the specified weld size? 


Repair. The process of physically restoring a nonconformance to a condition such 
that an item complies with the applicable requirements, including the code require- 
ments. 


Resistance Weld. Method of manufacturing pipe by bending a plate into circular 
form and passing electric current through the material to obtain a welding temper- 
ature. 


Restraint. A structural attachment, device, or mechanism that limits movement 
of the pipe in one or more directions.? 


Reverse Polarity. The arrangement of direct-current arc welding leads with the 
work as the negative pole and the electrode as the positive pole of the welding arc; 
a synonym for direct-current electrode positive.? 


A.24 PIPING FUNDAMENTALS 


Reynolds Number. A dimensionless number. It is defined as the ratio of the 
dynamic forces of mass flow to the shear stress due to viscosity. It is expressed as 


D 
pim (A1.4) 
u 


where R = Reynolds number 
v = mean velocity of flow, ft/s (m/s) 
p = weight density of fluid, lb/ft? (kg/m?) 
D = internal diameter of pipe, ft (m) 
u = absolute viscosity, in pound mass per foot second [Ibm/(ft - s)] or poundal 
seconds per square foot (centipoise) 


Rolled Pipe. Pipe produced from a forged billet which is pierced by a conical 
mandrel between two diametrically opposed rolls. The pierced shell is subsequently 
rolled and expanded over mandrels of increasingly large diameter. Where closer 
dimensional tolerances are desired, the rolled pipe is cold- or hot-drawn through 
dies and then machined. One variation of this process produces the hollow shell 
by extrusion of the forged billet over a mandrel in a vertical, hydraulic piercing press. 


Root Edge. A root face of zero width. 


Root Face. That portion of the groove face adjacent to the root of the joint. This 
portion is also referred to as the root land. See Fig. A1.21. 


Groove face 


Root face 


or land al 


Size of weld 


Root joint 


Root penetration 


Root opening (incomplete as shown) 


FIGURE A1.21 Nomenclature at joint of groove weld. 


Root of Joint. That portion of a joint to be welded where the members to be 
joined come closest to each other. In cross section, the root of a joint may be a 
point, a line, or an area. See Fig. A121. 


Root Opening. The separation, between the members to be joined, at the root 
of the joint? See Fig. A1.21. 


Root Penetration. The depth which a groove weld extends into the root of a joint 
as measured on the centerline of the root cross section. Sometimes welds are 
considered unacceptable if they show incomplete penetration. See Fig. A1.21. 
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Root Reinforcement. Weld reinforcement at the side other than that from which 
the welding was done. 


Root Surface. The exposed surface of a weld on the side other than that from 
which the welding was done. 


Run. The portion of a fitting having its end in line, or nearly so, as distinguished 
from branch connections, side outlets, etc. 


Saddle Flange. Also known as tank flange or boiler flange. A curved flange shaped 
to fit a boiler, tank, or other vessel and to receive a threaded pipe. A saddle flange 
is usually riveted or welded to the vessel. 


Sample Piping. All piping, valves, and fittings used for the collection of samples 
of gas, steam, water, oil, etc.’ 


Sargol. A special type of joint in which a lip is provided for welding to make the 
joint fluid tight, while mechanical strength is provided by bolted flanges. The Sargol 
joint is used with both Van Stone pipe and fittings. 


Sarlun. An improved type of Sargol joint. 


Schedule Numbers. Approximate values of the expression 1000P/S, where P is 
the service pressure and S is the allowable stress, both expressed in pounds per 
square inch. 


Seal Weld. A fillet weld used on a pipe joint primarily to obtain fluid tightness 
as opposed to mechanical strength; usually used in conjunction with a threaded joint.? 


Seamless Pipe. A wrought tubular product made without a welded seam. It is 
manufactured by hot-working steel or, if necessary, by subsequently cold-finishing 
the hot-worked tubular product to produce the desired shape, dimensions, and prop- 
erties. 


Semiautomatic Arc Welding. Arc welding with equipment which controls only 
the filler metal feed. The advance of the welding is manually controlled? 


Semisteel. A high grade of cast iron made by the addition of steel scrap to pip 
iron in a cupola or electric furnace. More correctly described as Aigh-strength 
gray iron. 


Service Fitting. A street ell or street tee having a male thread at one end. 


Shielded Metal Arc Welding (SMAW). ^n arc welding process in which coales- 
cence is produced by heating with an electric arc between a covered metal electrode 
and the work. Shielding is obtained from decomposition of the electrode covering. 
Pressure is not used, and filler metal is obtained from the electrode.? 


Shot Blasting. Mechanical removal of surface oxides and scale on the pipe inner 
and outer surfaces by the abrasive impingement of small steel pellets. 
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Single-Bevel-, Single-J, Single-U, Single-V-Groove Welds. All are specific types 
of groove welds and are illustrated in Fig. A1.22. 


(a) (b) 


(c) (d) 


FIGURE A1.2 Groove welds. (a) Single-bevel; (b) single-J; (c) double-U; 
(d) double-V. 


Single-Welded Butt Joint. A butt joint welded from one side only? 


Size of Weld. For a groove weld, the joint penetration, which is the depth of 
chamfering plus the root penetration. See Fig. A1.21. For fillet welds, the leg length 
of the largest isosceles right triangle which can be inscribed within the fillet-weld 
cross section. See Fig. A1.23. 


Size 
(a) (b) 


FIGURE A1.23 Size of weld (a) in fillet weld of equal legs and (5) in 
fillet weld of unequal legs. 


Skelp. A piece of plate prepared by forming and bending, ready for welding into 
pipe. Flat plates when used for butt-welded pipe are called skelp. 


Slag Inclusion. Nonmetallic solid material entrapped in weld metal or between 
weld metal. 


Slurry. A two-phase mixture of solid particles in an aqueous phase.’ 
Socket Weld. Fillet-type seal weld used to join pipe to valves and fittings or to 


other sections of pipe. Generally used for piping whose nominal diameter is NPS 
2 (DN 50) or smaller. 
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Soldering. A metal-joining process in which coalescence is produced by heating 
to a suitable temperature and by using a nonferrous alloy fusible at temperatures 
below that of the base metals being joined. The filler metal is distributed between 
closely fitted surfaces of the joint by capillary action? 


Solution Heat Treatment. Heating an alloy to a suitable temperature, holding at 
that temperature long enough to allow one or more constituents to enter into solid 
solution, and then cooling rapidly enough to hold the constituents in solution. 


Solvent Cement Joint. A joint made in thermoplastic piping by the use of a solvent 
or solvent cement which forms a continuous bond between the mating surfaces. 


Source Nipple. A short length of heavy-walled pipe between high-pressure mains 
and the first valve of bypass, drain, or instrument connections. 


Spatter. In arc and gas welding, the metal particles expelled during welding that 
do not form part of the weld.* 


Spatter Loss. Difference in weight between the amount of electrode consumed 
and the amount of electrode deposited. 


Specific Gravity. The ratio of its weight to the weight of an equal volume of water 
at standard conditions. 


Specific Volume. The volume of a unit mass of a fluid is its specific volume, and 
it is measured in cubic feet per pound mass (ft?/Ibm). 


Specific Weight. The weight of a unit volume of a fluid is its specific weight. In 
English units, it is expressed in pounds per cubic foot (Ib/ft?). 


Spiral-Riveted. A method of manufacturing pipe by coiling a plate into a helix 
and riveting together the overlapped edges. 


Spiral-Welded. A method of manufacturing pipe by coiling a plate into a helix 
and fusion-welding the overlapped or abutted edges. 


Spiral-Welded Pipe. Pipe made by the electric-fusion-welded process with a butt 
joint, a lap joint, or a lock-seam joint. 


Square-Groove Weld. A groove weld in which the pipe ends are not chamfered. 
Square-groove welds are generally used on piping and tubing of wall thickness no 
greater than ¥% in (3 mm). 


Stainless Steel. An alloy steel having unusual corrosion-resisting properties, usu- 
ally imparted by nickel and chromium. 


Standard Dimension Ratio (SDR). The ratio of outside pipe diameter to wall 
thickness of thermoplastic pipe. It is calculated by dividing the specified outside 
diameter of the pipe by the specified wall thickness in inches. 


Statically Cast Pipe. Pipe formed by the solidification of molten metal in a 
sand mold. 
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Straight Polarity. The arrangement of direct-current arc welding leads in which 
the work is the positive pole and the electrode is the negative pole of the welding 
arc; a synonym for direct-current electrode negative. 


Stress Relieving. Uniform heating of a structure or portion thereof to a sufficient 
temperature to relieve the major portion of the residual stresses, followed by uni- 
form cooling? 


Stringer Bead. A type of weld bead made by moving the electrode in a direction 
essentially parallel to the axis of the bead. There is no appreciable transverse 
oscillation of the electrode. The deposition of a number of string beads is known 
as string beading and is used extensively in the welding of austenitic stainless-steel 
materials. See also Weave Bead. 


Structural Attachments. | Brackets, clips, lugs, or other elements welded, bolted, 
or clamped to the pipe support structures, such as stanchions, towers, building 
frames, and foundation. Equipment such as vessels, exchangers, and pumps is not 
considered to be pipe-supporting elements. 


Submerged Arc Welding (SAW). An arc welding process that produces coales- 
cence of metals by heating them with an arc or arcs drawn between a bare metal 
electrode or electrodes and the base metals. The arc is shielded by a blanket of 
granular fusible material. Pressure is not used, and filler metal is obtained from the 
electrode and sometimes from a supplementary welding rod, flux, or metal granules. 


Supplemental Steel. Structural members that frame between existing building 
framing steel members and are significantly smaller than the existing steel? 


Swaging. Reducing the ends of pipe and tube sections with rotating dies which 
are pressed intermittently against the pipe or tube end. 


Swivel Joint. A joint which permits single-plane rotational movement in a pip- 
ing system. 


Tack Weld. A small weld made to hold parts of a weldment in proper alignment 
until the final welds are made. 


Tee Joint. A welded joint between two members located approximately at right 
angles to each other in the form of a T. 


Tempering. A process of heating a normalized or quench-hardened steel to a 
temperature below the transformation range and, from there, cooling at any rate 
desired. This operation is also frequently called stress relieving. 


Testing. An element of verification for the determination of the capability of an 
item to meet specified requirements by subjecting the item to a set of physical, 
chemical, environmental, or operating conditions. 


Thermoplastic. A plastic which is capable of being repeatedly softened by increase 
of temperature and hardened by decrease of temperature? Refer to Chap. D1 of 
this handbook. 
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Thermosetting Plastic. Plastic which is capable of being changed into a substan- 
tially infusible or insoluble product when cured under application of heat or chemical 
means.? Refer to Chap. D2 of this handbook. 


Thixotropic Liquid. If the viscosity of a liquid decreases as agitation is increased 
at constant temperature, the liquid is called thixotropic. Examples include glues, 
greases, paints, etc. 


Throat of a Weld. A term applied to fillet welds. It is the perpendicular distance 
from the beginning of the root of a joint to the hypotenuse of the largest right 
triangle that can be inscribed within the fillet-weld cross section. See Fig. A1.23. 


Toe of Weld. The junction between the face of a weld and the base metal? See 
Fig. A1.23. 


Transformation Range. A temperature range in which a phase change is initiated 
and completed. 


Transformation Temperature. A temperature at which a phase change occurs. 


Trepanning. The removal by destructive means of a small section of piping (usually 
containing a weld) for an evaluation of weld and base-metal soundness. The opera- 
tion is frequently performed with a hole saw. 


Tube. A hollow product of round or any other cross section having a continuous 
periphery. Round tube size may be specified with respect to any two, but not 
all three, of the following: outside diameter, inside diameter, and wall thickness. 
Dimensions and permissible variations (tolerances) are specified in the appropriate 
ASTM or ASME specifications. 


Turbinizing. Mechanical removal of scale from the inside of the pipe by means 
of air-driven centrifugal rotating cleaners. The operation is performed on steel pipe 
bends after hot bending to remove loose scale and sand. 


Turbulent Flow. Fluid flow in a pipe is usually considered turbulent if the Reynolds 
number is greater than 4000. Fluid flow with a Reynolds number between 2000 and 
4000 is considered to be in "transition." 


Ultrasonic Examination or Inspection. A nondestructive method in which beams 
of high-frequency sound waves that are introduced into the material being inspected 
are used to detect surface and subsurface flaws. The sound waves travel through 
the material with some attendant loss of energy and are reflected at interfaces. The 
reflected beam is detected and analyzed to define the presence and location of flaws. 


Underbead Crack. A crack in the heat-affected zone or in previously deposited 
weld metal paralleling the underside contour of the deposited weld bead and usually 
not extending to the surface. 


Undercut. A groove melted into the base material adjacent to the toe or root of 
a weld and left unfilled by weld material. 


Van Stoning. Hot upsetting of lapping pipe ends to form integral lap flanges, the 
lap generally being of the same diameter as that of the raised face of standard flanges. 
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Vapor Pressure. The pressure exerted by the gaseous form, or vapor, of liquid. 
When the pressure above a liquid equals its vapor pressure, boiling occurs. If the 
pressure at any point in the flow of a liquid falls below the vapor pressure or 
becomes equal to the vapor pressure, the liquid flashes into vapor. This is called 
cavitation. The vapor thus formed travels with the liquid and collapses where the 
pressure is greater than vapor pressure. This could cause damage to piping and 
other components. 


Vertical Position. With respect to pipe welding, the position in which the axis of 
the pipe is vertical, with the welding being performed in the horizontal position. 
The pipe may or may not be rotated. 


Viscosity. In flowing liquids, the internal friction or the internal resistance to 
relative motion of the fluid particles with respect to one another. 


Weave Bead. A type of weld bead made with oscillation of the electrode transverse 
to the axis of the weld. Contrast to string bead. 


Weld. A localized coalescence of material produced either by heating to suitable 
temperatures, with or without the application of pressure, or by application of 
pressure alone, with or without the use of filler material. 


Weld Bead. A weld deposit resulting from a pass. 


Weld Metal. That portion of a weld which has been melted during welding. The 
portion may be the filler metal or base metal or both. 


Weld Metal Area. The area of the weld metal as measured on the cross section 
of a weld. 


Weld Penetration. See Joint Penetration and Root Penetration. 


Weld-Prober Sawing. Removal of a boat-shaped sample from a pipe weld for 
examination of the weld and its adjacent base-metal area. This operation is usually 
performed in graphitization studies. 


Weld Reinforcement. Weld material in excess of the specified weld size. 


Weldability. The ability of a metal to be welded under the fabrication conditions 
imposed into a specific, suitably designed structure and to perform satisfactorily in 
the intended service. 


Welded Joint. A localized union of two or more members produced by the applica- 
tion of a welding process. 


Welder. One who is capable of performing a manual or semiautomatic welding op- 
eration." 


Welder Performance Qualification. Demonstration of a welder’s ability to pro- 
duce welds in a manner described in a welding procedure specification that meets 
prescribed standards. 
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Welding Current. The current which flows through the electric welding circuit 
during the making of a weld. 


Welding Fittings. Wrought- or forged-steel elbows, tees, reducers, and similar 
pieces for connection by welding to one another or to pipe. In small sizes, these 
fittings are available with counterbored ends for connection to pipe by fillet welding 
and are known as socket-weld fittings. In large sizes, the fittings are supplied with 
ends chamfered for connection to pipe by means of butt welding and are known 
as butt-welding fittings. 


Welding Generator. The electric generator used for supplying welding current. 
Welding Machine. Equipment used to perform the welding operation. 


Welding Operator. One who operates a welding machine or automatic welding 
equipment.’ 


Welding Procedure. The detailed methods and practices involved in the produc- 
tion of a weldment.! 


Welding Procedure Qualification Record. Record of welding data and test results 
of the welding procedure qualifications, including essential variables of the process 
and the test results. 


Welding Procedure Specification (WPS). The document which lists the parame- 
ters to be used in construction of weldments in accordance with the applicable 
code requirements.! 


Welding Rod. Filler metal, in wire or rod form, used in gas welding and brazing 
procedures and those arc welding processes where the electrode does not furnish 
the filler metal. 


Welding Sequence. The order of making the welds in a weldment. 
Weldment. An assembly whose component parts are to be joined by welding? 


Wrought Iron. Iron refined in a plastic state in a puddling furnace. It is character- 
ized by the presence of about 3 percent of slag irregularly mixed with pure iron 
and about 0.5 percent carbon and other elements in solution. 


Wrought Pipe. The term wrought pipe refers to both wrought steel and wrought 
iron. Wrought in this sense means “worked,” as in the process of forming furnace- 
welded pipe from skelp or seamless pipe from plates or billets. The expression 
wrought pipe is thus used as a distinction from cast pipe. Wrought pipe in this sense 
should not be confused with wrought-iron pipe, which is only one variety of wrought 
pipe. When wrought-iron pipe is referred to, it should be designated by its com- 
plete name. 


FORCES, MOMENTS, AND EQUILIBRIUM 


Simple Forces. When two or more forces act upon a body at one point, they may 
be single or combined into a resultant force. Conversely, any force may be resolved 
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FIGURE A1.24 Vectors and moments. 


into component forces. In Fig. A1.24, let the vectors F, and F, represent two forces 
acting on a point O. The resultant force F is represented in direction and magnitude 
by the diagonal of the parallelogram of which F, and F, are the sides. Conversely, any 
force F may be resolved into component forces by a reverse of the above operation. 


Moments. The moment of a force with respect to a given point is the tendency 
of that force to produce rotation around it. The magnitude of the moment is 
represented by the product of the force and the perpendicular distance from its 
line of action to the point or center of moment. In the English system of weights 
and measures, moments are expressed as the product of the force in pounds and 
the length of the moment arm in feet or inches, the unit of the moment being 
termed the pound-foot or the pound-inch. Moments acting in a clockwise direction 
are designated as positive, and those acting in a counterclockwise direction are 
negative. They may be added and subtracted algebraically, as moments, regardless 
of the direction of the forces themselves. 

With respect to Fig. A1.24, moments about an arbitrary point x are calculated 
as follows: Extend the line of action of F, until its extension intersects the perpendicu- 
lar ax drawn from point x. Draw bx from x perpendicular to F;. The sum of moments 
about point x due to the two forces is then 


XM, = Fi xax — Fy x bx 


Alternatively, since F; and F, have been shown to be the vector equivalent of the 
resultant F, the moments about x can be calculated as 


XM, = F x cx (A1.5) 


Couples. Two parallel forces of equal magnitude acting in opposite directions 
constitute a couple. The moment of the couple is the product of one of the forces 
and the perpendicular distance between the two. A couple has no single resultant 
and can be balanced only by another couple of equal moment of opposite sign. 


Law of Equilibrium. When a body is at rest, the external forces acting upon it 
must be in equilibrium and there must be a zero net moment on the body. This 
means that (1) the algebraic sums of the components of all forces with reference 
to any three axes of reference at right angles with one another must each be zero 
and (2) the algebraic sum of all moments with reference to any three such axes 
must be zero. When the forces all lie in the same plane, the algebraic sums of their 
components with respect to any two axes must be equal to zero and the algebraic 
sum of all moments with respect to any point in the plane must be zero. 
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WORK, POWER, AND ENERGY 


Work. When a body is moved against a resistance, work must be done upon the 
body. The amount of work done is the product of the force and the distance through 
which it acts. The unit of work in the English system is the foot-pound, which is 
the amount of work done by a force of 1 Ib acting through a distance of 1 ft. The 
following symbols are used in this section in defining the interrelation of work, 
power, and energy: 


A = area, in? or f? (mm? or m?) as noted 
F — force, Ibf (newton, N) 
g = local acceleration of gravity, ft/s? (9-81 m/s?) 
g: = conversion constant, ft - Ibf/(Ibm : s?) [m : kgf/(kgm -s’)] 
h — vertical distance, ft (m) 
H = enthalpy, Btu (gram cal) 
hp = horsepower (J/s, kW) 
kW = kilowatts 
KE = kinetic energy, ft -lbf (m- kgf) 
PE = potential energy, ft-lbf (m kgf) 
p = pressure, psi (kPa, kg/cm?) 
l = distance, ft (m) 
T = time, s 
v — velocity, ft/s (m/s) 
V — volume, ft? (m?) 
w — weight, Ib (kg) 
W = work, ft-lb (m: kg) 


According to the above definition of work, the following expressions may be 
written to represent work: 


W = fra = P gdh = [raat = [av 


If the force is independent of distance, if the process takes place at sea level, if 
pressure and area are independent of distance, and if pressure is independent of 
volume, respectively, the above expressions reduce to 


W = F(l5 - li) = w(ha - hi) = pA(h — li) = p(V2 — V) (A1.6) 


where the subscripts 2 and 1 refer to final and initial states, respectively. The 
above expressions contain no term involving time, since the measure of work is 
independent of the time interval during which it is performed. 


Power. Power is the time rate of performing work. The English unit of power is 
the horsepower, which is defined at 33,000 ft - Ib/min or 550 ft - Ib/s. Electric power 
is commonly expressed in watts or kilowatts, 1 kW being equivalent to 1.34 hp and 
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1 hp to 0.746 kW. The expressions for horsepower corresponding to those given 
above for work are 


W Fl 


———À = -—— ete 
550T . 550T 


hp 


Electric power is the product of volts and amperes, i.e., 


volts x amperes 
1000 


kW — 


The above expression for the determination of electric power is strictly true for 
direct current and for alternating current with a zero power factor. For the latter 
case, if the power factor is different from zero, the expression becomes 
volts x amperes 


1000 


kW — x power factor (A1.7) 


Energy. Energy is the capacity for doing work possessed by a system through 
virtue of work having previously been done upon it. Whenever work has been done 
upon a system in producing a change in its motion, its position, or its molecular 
condition, the system has acquired the capacity for doing work. Energy may be 
that due to motion, termed kinetic energy; that due to position, termed potential 
energy; or that due to molecular activity or configuration and is manifest as a change 
in its internal or stored energy. These three forms of energy are mutually convertible. 
In the English system, the units of energy are the foot-pound and the Btu, which 
are related by the fact that 1 Btu is equivalent to 778 ft-lb. Some of the more 
common expressions for energy are as follows: 


1. The potential energy of a body of weight w lb mass which has been raised h ft 
against gravity is PE = (wg/g,)h. 

2. The kinetic energy possessed by a body of weight w Ib mass moving at a velocity 
v ft/s is KE = wv?/(2g,). 

3. If the body of 1, initially at rest, were to fall freely through the distance h, its 
potential energy would be converted to kinetic energy and it would acquire a 
velocity v determined as follows: 


PE = wh = KE = wv?/2g, 
hence wh = wv/2h and v= \/2g-h 
4. The energy, resulting from its temperature, of a gas in motion is measured by 


its specific enthalpy A with units of Btu per pound mass. This energy is available 
for conversion to kinetic energy, as given by 


AH = AKE 
wAh = —— ——8ii — v?) 
778 x 2g, 


If the initial velocity v, is negligible, there is obtained 


v2 = 223.74 ^h 
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5. Energy is measured in the English system in horsepower-hours, kilowatthours, 
Btu, and foot-pounds. The relations among these units are as follows: 


I hp: h = 0.746kWh = 2546 Btu = 1,980,788ft - Ib 
I kWh = 1.34 hp. h = 3412 Btu = 2,654,536ft - Ib 


HEAT AND TEMPERATURE 


Units of Heat. The unit of heat commonly used in the English system is the British 
thermal unit, or Btu, and is approximately equal to the quantity of heat that must 
be transferred to one pound of water in order that its temperature be raised one 
degree Fahrenheit. In laboratory work and throughout much of the world, the 
calorie is the common unit of heat. A gram calorie is the approximate quantity of 
heat that must be transferred to 1 gram (g) of water in order to raise its temperature 
by 1°C. The kilocalorie, sometimes called the kilogram calorie, is equal to 1000 
gram calories. 

The definitions above are indicated as being approximate because, over the 
temperature range from freezing to boiling points of water, different quantities of 
heat are required to produce a unit temperature change. For this reason, the calorie 
and the Btu have been defined in international units as 


1 IT calorie (cal) = 1/860 international watthour (Wh) 


IT = INTERNATIONAL TABLE 


I| Btu = 251.996 IT cal 


In most engineering work, it is sufficiently accurate to use 1 kg-cal = 3.968 Btu 
and 1 Btu = 0.252 kg- cal. 


Units of Temperature. The relative “hotness” or “coldness” of a body is denoted 
by the term temperature. The temperature of a substance is measured by noting its 
effect upon a thermometer or pyrometer whose thermal properties are known. The 
mercury thermometer is suitable for measuring temperatures from —39 to about 
600°F. This limit may be extended to 1000°F if the capillary tube above the mercury 
is filled with nitrogen or carbon dioxide under pressure. High temperatures must 
be measured with thermocouples or optical pyrometers. The most commonly used 
thermometer scales are the Fahrenheit and the Celsius. Thermometer scales have 
as their bases the melting and boiling points of water, both measured at atmospheric 
pressure. The relation of the Fahrenheit and Celsius scales is as follows: 


Freezing point Boiling point 
Absolute zero of water of water 
Degrees Fahrenheit —459.6 32 212 
Degrees Celsius —273 0 100 


The relation between the two scales is 
5 9 
go gCF — 32) and °F= rus +32 


in which C is the reading on the Celsius scale and F is the reading on the Fahren- 
heit scale. 
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In certain calculations, it is necessary to express the temperature in “absolute” 
units. The absolute temperature associated with the Fahrenheit scale is called the 
Rankine temperature, and that associated with the Celsius scale is termed the Kelvin 
temperature. 'The relationships among these scales are as follows: 


R = ^F + 459.6 
K = ^C 4 273 
R = 1.8K 

5 
K — -R 

9 


where R and K designate absolute temperatures on the Rankine and Kelvin 
scales, respectively. 


Specific Heat. The specific heat of a substance is the quantity of heat required to 
produce a unit temperature change in a unit mass of that substance. Typical units 
are calories per gram per degree Celsius and Btu per pound per degree Fahrenheit. 
The numerical value of specific heat is a function of the process by which the unit 
temperature change is effected. If a gas expands at constant pressure owing to the 
addition of heat, work is done by the walls of the containing vessel on the surrounding 
atmosphere, and the heat addition must be greater than would have been required 
to cause the same temperature change at constant volume. The two most frequently 
used specific heats are those at constant volume and constant pressure, and they 
are represented symbolically as c, and c,, respectively. 

The definition of specific heat given in the preceding paragraph is convenient 
for engineering applications. By thermodynamic analysis, it can be shown that the 
two specific heats referred to are given by 


(= 
Cy = | — 
OT Ja 
ee (57 
"RT OT 5 


where u and h represent internal energy and enthalpy, respectively, and v and p 
indicate that volume or pressure remains constant during the measurement of the 
corresponding specific heat. 

The specific heats of most substances vary with temperature. For a general 
functional relationship, the mean value of specific heat over a temperature range 
from T, to T; is given by 


[i cenar c(T)dT 
i 


Cmean = 
If the algebraic relationship between specific heat and temperature is not known 
but the relation is available in the form of a graph or table, it is usually sufficiently 
accurate to evaluate the average or mean specific heat at the average of temperature 
over the temperature range in question. 
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LENGTHS, AREAS, SURFACES, AND VOLUMES 


List of Symbols 


A = angle, deg* 

C = length of chord 

d = diameter of circle or sphere = 2r 

h — height of segment, altitude of cone, etc., as explained in context 
T = ratio of circumference to diameter of circle = 3.1416 

0 — angle in radian measure* 

S — length of arc, slant height, etc., as explained in context 

r = radius of circle or sphere = d/2 

R = mean radius of curvature for pipe bends 


Areas are expressed in square units and volumes in cubic units of the same 
system in which lengths are measured. 


Triangle. Area = ¥2(base) X altitude. 
Circle. (See Fig. A125.) 
5 
Circumference = md = 2r. ds 
Area = mr? = md?/4. [P 
Length of arc $ — 6r — 0.0175Ar. gerd 


Length of chord C = 2r sin(0/2) = 


2r sin(A/2). FIGURE A1.25 Length of arc and chord. 


Area of Sector. (See Fig. A1.26.) 


0.008727r? A 


I I ?A 
Area = -rS = 2r? ne 
2 2 360 


Area of Segment. (Method 1, Fig. A1.27) Find the area of the sector having same 
arc and area of triangle formed by chord and radii of sector. The area of the segment 


OorA 


I KG i 
i 


FIGURE A1.26 Area of sector. FIGURE A1.27 Area of segment, method 1. 


* Degrees can be converted to radian measure by multiplying by 0.0175, since 27 rad = 360°. Hence, 
— 0.0175A. 
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equals the sum of these two areas if the segment is greater than a semicircle, and 
it equals their difference if the segment is less than a semicircle. 


1 
Area = Pu CA + sin) 


I 
= z” (0.01754 + sin A) 


Area of Segment. [Method 2 (approximate) ]* 


When h = 0 to %d, area = hV1.766dh — k’. 
When A = 14d to Vad, area = hV0.017d? + 1.7dh — R. 


When h = Yd to d, subtract area of empty sector from area of entire circle. 


FIGURE A1.28 Offset bends. 


Offset Bends. (See Fig. A1.28.) The relation of D, R, H, and L is determined by 
geometry for the general case shown in Fig. A1.28a and b as follows: Consider the 
diagonal line joining the centers of curvature of the two arcs in either figure as 


* For a sketch and table of volumes in partly full horizontal tanks, see Table A1.6. The greatest error 
possible by this method is 0.23 percent. 
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forming the hypotenuse of three right-angle triangles, and write an equation between 
the squares of the two other sides. Thus, 


D 2 
2 (2) +R? = VOR- H} +L? 


2 


Squaring both sides and solving for each term in turn, we have 
D = y RH? — 4HR + I2 
L = Vy D? +4HR — H? 


H = 2R AR? — L? + D? 


where 0 = 2 tan (HL + D) (from similarity of triangles, see Fig. A1.28a). 
When D = 0 (Fig. A1.28c), 


L = (4R — H)H 
OLH 

^. 4H 

C — /RH 


R 


Length of pipe in offset: 
L=2R@+D 


= 0.035RA + D 


= 4R tan”! 


D 
EDS 


where the angle is expressed in radians. 
Cylinder 
Area = 2zrh + 27r? = 2nr(h +r) 


where r = radius of base 
h = height 


Volume = zr?h 
Pyramid. Right pyramid (i.e., vertex directly above center of base): 
Lateral area = !/ (slant height) x perimeter of base 
Volume = !⁄ (altitude) x area of base 
Cone 


Volume = !/ (area of base) x perpendicular distance from vertex to plane of base 
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Right circular cone: 
Lateral area = mrs 
Volume = '/;27r7h 
where s = slant height 


r = radius of base 
h = perpendicular distance from vertex to plane of base 


Frustum of right circular cone: 
Lateral area = ms (r +r’)s = y (r —r)? +R? 


where r = radius of lower base 
r' = radius of upper base 
h = height of frustum 


s = slant height of frustum 


Volume = V zh(r? + rr! +r”) 


Sphere 
? ? 
Area = A4zr^ = zd 


3 3 
Volume = */zr^ = “end 


ACRONYMS AND ABBREVIATIONS 


Listed below are some abbreviations and acronyms which are associated with activi- 


ties related to piping. 


AAE American Association of Engineers 

ACI American Concrete Institute 

ACRI Air Conditioning and Refrigeration Institute 
A-E Architect-engineer 

AEC American Engineering Council 

AESC American Engineering Standards Committee 
AFFFA American Forged Fitting and Flange Association 
AIDD American Institute of Design and Drafting 
AIME American Institute of Mechanical Engineers 
AISC American Institute of Steel Construction 

AISE Association of Iron and Steel Engineers 

AISI American Iron and Steel Institute 

AMAA Adhesives Manufacturers Association of America 
AMCA Air Moving and Conditioning Association 


AMFIE Association of Mutual Fire Insurance Engineers 


AMICE 
ANS 
ANSI 
API 

ARI 
ASBC 
ASCE 
ASCEA 
ASCHE 
ASE 
ASEA 
ASEE 
ASHACE 
ASHRAE 


ASME 
ASNE 
ASRE 
ASSE 


ASTM 
ASWG 
AWG 
AWS 
AWWA 
BHN 
CAD 
CADD 
db 
DCCP 
DCEA 
DCN 
DIN 
DIPRA 
DIS 
EJMA 
FCI 
FMA 
gpm 
gps 

HI 
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Associate Member of Institute of Civil Engineers 
American Nuclear Society 

American National Standards Institute 

American Petroleum Institute 

Air Conditioning and Refrigeration Institute 
American Standard Building Code 

American Society of Civil Engineers 

American Society of Civil Engineers and Architects 
American Society of Chemical Engineers 
Amalgamated Society of Engineers 

American Society of Engineers and Architects 
American Society of Engineering Education 
American Society of Heating and Air-Conditioning Engineers 


American Society of Heating, Refrigerating and Air-Conditioning 
Engineers 


American Society of Mechanical Engineers 
American Society of Naval Engineers 
American Society of Refrigeration Engineers 


American Society of Safety Engineers; American Society of Sani- 
tary Engineers 


American Society for Testing and Materials 
American steel and wire gauge 

American wire gauge 

American Welding Society 

American Water Works Association 
Brinell hardness number 

Computer-aided design 

Computer-aided design drafting 

Dry bulb 

Design change control program 

Directory of Civil Engineering Abbreviations 
Design/drawing change notice 

Deutsches Institu für Normung; German Standards Institute 
Ductile Iron Pipe Research Association 
Ductile Iron Society 

Expansion Joint Manufacturers Association 
Fluid Controls Institute 

Forging Manufacturers Association 

Gallons per minute 

Gallons per second 

Hydraulic Institute 
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HVAC 
IAEE 
IFHTM 
IFI 
IGSCC 
ISA 
NACE 
NAPE 
NASE 
NASPD 
NCPI 
NFPA 
NIMA 
NPT 
NSPE 
NSSS 
OBE 
OSHA 
PACE 
PFI 
PJA 
PLCA 
ppb 
PFMA 
PPI 
ppm 
PPMS 
PRI 
RWMA 
SAE 
SCC 
SMA 
VMA 
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Heating, ventilating, and air conditioning 

International Association of Earthquake Engineers 
International Federation for the Heat Treatment of Materials 
Industrial Fasteners Institute 

Intergranular stress corrosion cracking 

International Standards Association; Instrument Society of America 
National Association of Corrosion Engineers 

National Association of Power Engineers 

National Association of Stationary Engineers 

National Association of Steel Pipe Distributors 

National Clay Pipe Institute 

National Fire Protection Association 

National Insulation Manufacturers Association 

National Pipe Taper 

National Society of Professional Engineers 


Nuclear steam system supplier 

Operating-basis earthquake 

Occupational Safety and Health Act, or Administration 
Professional Association of Consulting Engineers 

Pipe Fabrication Institute 

Pipe Jacking Association 

Pipe Line Contractors Association 

Parts per billion 

Pipe Fittings Manufacturers Association 

Plastic Pipe Institute 

Parts per million 

Plastic Pipe Manufacturers’ Society 

Plastics and Rubber Institute 

Resistance Welding Manufacturers' Association 

Society of Automotive Engineers 

Stress corrosion cracking 

Solder Markers' Association; Steel Manufacturers' Association 
Valve Manufacturers’ Association 


USEFUL TABLES 


Following are tables of units and measures associated with piping. For convenience 
of calculation, Table A1.3 provides decimal equivalents of eighths, sixteenths, thirty- 
seconds, and sixty-fourths of an inch. Table A1.4 provides diameters and thicknesses 
of wire and sheet-metal gauges. Table A1.5 provides volume of contents, in cubic 
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TABLE A1.3 Decimal Equivalents of Eighths, Sixteenths, 
Thirty-Seconds, and Sixty-Fourths of an Inch 


Eighths 952 = 0.28125 1964, = 0.296875 

Ye = 0.125 1⁄2 = 0.34375 2y&, = 0.328125 
Y% = 0.250 1389 = 0.40625 2%a = 0.359375 
% = 0.375 1542 = 0.46875 5a = 0.390625 
Vo = 0.500 M2 = 0.53125 7/5, = 0.421875 
5% = 0.625 1959 = 0.59375 2%a = 0.453125 
34 = 0.750 755 = 0.65625 3y64, = 0.484375 
% = 0.875 239 = 0.71875 3%a = 0.515625 
Sixteenths 2542 = 0.78125 35% = 0.546875 
Ye = 0.0625 2742 = 0.84375 975, = 0.578125 
94e = 0.1875 ?955 = 0.90625 3964, = 0.609375 
54e = 0.3125 3/55 = 0.96875 4/64 = 0.640625 
"Ae = 0.4375 Sixty-fourths 4/64 = 0.671875 
94e = 0.5625 Yea = 0.015625 464 = 0.703125 
146 = 0.6875 964 = 0.046875 4/64 = 0.734375 
13⁄6 = 0.8125 964 = 0.078125 4964 = 0.765625 
1546 = 0.9375 764 — 0.109375 5⁄4 = 0.796875 
Thirty-seconds 964 — 0.140625 5%a = 0.828125 
V&2 = 0.03125 1&4 = 0.171875 564, = 0.859375 
982 = 0.09375 1364 = 0.203125 97/54 = 0.890625 
52 = 0.15625 1a = 0.234375 5%a = 0.921875 
752 = 0.21875 1%4 = 0.265625 $y6, = 0.953125 
63%4 = 0.984375 


1 in = 25.4 mm. 


feet and U.S. gallons, of cylindrical tanks of various diameters and 1 ft in length, 
when completely filled. Table A1.6 lists the contents of pipes and cylindrical tanks 
per foot of length for any depth of liquid. 
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TABLE A1.4 Wire and Sheet-Metal Gauges* 


2 
“uD z On 5 a 
o eas H Ù 

Ss |599 &a^ dg gO | 8&5 Ba | 58> 
&ovg|g22|e85, & | es | Ze. | $2 220 
eee /PEs|Eo2| £ | ge | BSE) 22) Bee 

seu] ace BE E ov tak Sd | oo 
A BS S| wS j|j goz ed àg d Sm o 7 E^ 
S |388/252|ä33| Z | #8] 3828] 2g| 372 
o ‘om Oo B55 BE n oc 22 Bu ang 
E Ori 3588! ETE Í 32 -3 g Aw | $98 
s dsce|sSeEm 28s) B Be | 2642) 49 | Bae 

o < o ea o e 2 < ea 

0000000 |  .... 0.4900 | ... | 0.500 0500 J ... 0.6666 
000000 |  ... 04615 | ... | .. 0.464 0.469 | ... 0.6250 
00000 |  ... 0.4305 | ... | .. 0.432 0438 | ... 0.5883 
0000 0.460 0.3938 0.454 | oo... 0.400 0406 | ... 0.5416 
000 0.410 0.3625 0.425 |  ... 0.372 0375 | ... 0.5000 
00 0.365 0.3310 0.880 |  ... 0.348 D344 | wwe 0.4452 
0 0.325 0.3065 0.840 | ... 0.324 0312. | | uses 0.3964 
1 0.289 0.2830 0.300 0.227 0.300 0281 | ... 0.3532 
2 0.258 0.2625 0.284 0.219 0.276 0.266 | ... 0.3147 
3 0.229 0.2437 0.259 0.212 0.252 0.250 0.2391 0.2804 
4 0.204 0.2253 0.238 0.207 0.232 0.234 0.2242 0.2500 
5 0.182 0.2070 0.220 0.204 0.212 0.219 0.2092 0.2225 
6 0.162 0.1920 0.203 0.201 0.192 0.203 0.1943 0.1981 
7 0.144 0.1770 0.180 0.199 0.176 0.188 0.1793 0.1764 
8 0.128 0.1620 0.165 0.197 0.160 0.172 0.1644 0.1570 
9 0.114 0.1483 0.148 0.194 0.144 0.156 0.1495 0.1398 
10 0.102 0.1350 0.134 0.191 0.128 0.141 0.1345 0.1250 
11 0.091 0.1205 0.120 0.188 0.116 0.125 0.1196 0.1113 
12 0.081 0.1055 0.109 0.185 0.104 0.109 0.1046 0.0991 
13 0.072 0.0915 0.095 0.182 0.092 0.094 0.0897 0.0882 
14 0.064 0.0800 0.083 0.180 0.080 0.078 0.0747 0.0785 
15 0.057 0.0720 0.072 0.178 0.072 0.070 0.0673 0.0699 
16 0.051 0.0625 0.065 0.175 0.064 0.062 0.0598 0.0625 
17 0.045 0.0540 0.058 0.172 0.056 0.056 0.0538 0.0556 
18 0.040 0.0475 0.049 0.168 0.048 0.050 0.0478 0.0495 
19 0.036 0.0410 0.042 0.164 0.040 0.0438 0.0418 0.0440 
20 0.032 0.0348 0.035 0.161 0.036 0.0375 0.0359 0.0392 
21 0.0285 0.0317 0.032 0.157 0.032 0.0344 0.0329 0.0349 
22 0.0253 0.0286 0.028 0.155 0.028 0.0312 0.0299 0.0313 
23 0.0226 0.0258 0.025 0.153 0.024 0.0281 0.0269 0.0278 
24 0.0201 0.0230 0.022 0.151 0.022 0.0250 0.0239 0.0248 
25 0.0179 0.0204 0.020 0.148 0.020 0.0219 0.0209 0.0220 
26 0.0159 0.0181 0.018 0.146 0.018 0.0188 0.0179 0.0196 
27 0.0142 0.0173 0.016 0.143 0.0164 0.0172 0.1064 0.0175 
28 0.0126 0.0162 0.014 0.139 0.0148 0.0156 0.0149 0.0156 
29 0.0113 0.0150 0.013 0.134 0.0136 0.0141 0.0135 0.0139 
30 0.0100 0.0140 0.012 0.127 0.0124 0.0125 0.0120 0.0123 
31 0.0089 0.0132 0.010 0.120 0.0116 0.0109 0.0105 0.0110 
32 0.0080 0.0128 0.009 0.115 0.0108 0.0102 0.0097 0.0098 
33 0.0071 0.0118 0.008 0.112 0.0100 0.0094 0.0090 0.0087 
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E 
due, un A 
o g EZ T H Q g 
"a. aS Dg m S S EE Bu 
E Bou S45 EV e o & 23 = 
38| 8558| Z S 30 5b S8 Bd 
&av9|g^R ees] & | Be | BS. | gE] Fed 
ovs| g| Eae g So oes 338 |E8ea 
a sS FEES wea D nN "mc Oo R=] S a~ 
2Sa] &l-|go95 z 22 aes Za gat 
; g pene d 2o u Be = 
S |828|8382|&cE| 8 | 2) EES | 9223 S32 
o Rn BaD] gza a co 22 Bw ang 
op om. T gv g zi E 6 qoM . 990 = a 2g oO 
s |Hs&jSsg| ESES) 8 | EB) 243| $5) E2 
[e < a e a ea 2 4 ea 
34 0.0063 0.0104 0.007 0.110 0.0092 0.0086 0.0082 0.0077 
35 0.0056 0.0095 0.005 0.108 0.0084 0.0078 0.0075 0.0069 
36 0.0050 0.0090 0.004 0.106 0.0076 0.0070 0.0067 0.0061 
37 0.0045 0.0085 | |... 0.103 0.0068 0.0066 0.0064 0.0054 
38 0.0040 0.0080 | |... 0.101 0.0060 0.0062 0.0060 0.0048 
39 0.0035 0.0075 | |... 0.099 0.0052 |  ^Z [| eee 0.0043 
40 0.0031 0.0070 |  .. 0.097 0.0048 | |. | n 0.0039 
4L | es 0.0066 | | ... 0.095 0.0044 * «ae | xem 0.0034 
42. | "4 0.0062 |  .. 0.092 0:0040. ¢ «SES © |) Cue 0.0031 
435.1. tss 0.0060 | | .. 0.088 0.0036 |  ... [| eee 0.0027 
44 | g 0.0058 | |... 0.085 0:0032 ^ ^ cn. tee 0.0024 
AD | iens 0.0055 | |... 0.081 0.0028 | fae 0.0022 
46 | es 0.0052 | |... 0.079 0.00045  . poe 0.0019 
A dts 0.0050 | |... 0.077 0.0020 | ^... [| 0.0017 
48 || ones 0.0048 | |... 0.075 0.006 |  ... [| eae 0.0015 
AQ ||| as 0.0046 | |... 0.072 0.0012: © um | | antes 0.0014 
30 [. sees 0.0044 |  .... 0.069 0.0010| ^. | .— 0.0012 


* Diameters and thicknesses in decimal parts of an inch. 


lin = 25.4 mm. 
1 ft = 0.02832 m°. 
1 lb = 0.4536 kg. 
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TABLE A1.5 Contents, in Cubic Feet and U.S. Gallons, of Cylindrical Tanks of Various 
Diameters and 1 Ft in Length, When Completely Filled* 


o o 

zd For 1 ft in length E E E "5 For 1 ft in length E ? E 

E zig uc ese 

S Cubic feet; TE F S Cubic feet; TE 8 

E also, area EN 2 also, area Bee 

S in square US. gal., Sua S in square US. gal., Suo 

a feet 231 in? a a feet 231 in? m 
12% 0.8522 6.375 14.080 21% 2.463 18.42 4.872 
12% 0.8693 6.503 13.800 21% 2.521 18.86 4.760 
12% 0.8866 6.632 13.530 21% 2.580 19.30 4.651 
12% 0.9041 6.763 13.270 22 2.640 19.75 4.545 
13 0.9218 6.895 13.020 22A 2.700 20.20 4.445 
13% 0.9395 7.028 12.780 22% 2.761 20.66 4.347 
13% 0.9575 7.163 12.530 22% 2.823 21.12 4.251 
13% 0.9757 7.299 12.300 23 2.885 21.58 4.160 
13% 0.994 7.436 12.070 234 2.948 22.05 4.070 
13% 013 7.578 11.850 23% 3.012 22.53 3.990 
13% 031 7.712 11.640 23% 3.076 23.01 3.901 
13% 051 7.855 11.420 24 3.142 23.50 3.819 
14 .069 7.997 11.230 25 3.409 25.50 3.520 
14% .088 8.139 11.030 26 3.678 27.58 3.263 
14% 107 8.281 10.840 27 3.976 29.74 3.018 
14% 427 8.431 10.650 28 4.276 31.99 2.806 
14% 447 8.578 10.460 29 4.587 34.31 2.616 
14% .167 8.730 10.280 30 4.909 36.72 2.444 
14% .187 8.879 10.110 31 5.241 39.21 2.290 
14% 207 9.029 9.940 32 5.585 41.78 2.149 
15 227 9.180 9.780 33 5.940 44.43 2.020 
15% .248 9.336 9.620 34 6.305 47.16 1.903 
15% .268 9.485 9.460 35 6.681 49.98 1.796 
15% .289 9.642 9.310 36 7.069 52.88 1.698 
15% .310 9.801 9.160 37 7.467 55.86 1.607 
15% 332 9.964 9.010 38 7.876 58.92 1.527 
15% .353 10.121 8.870 39 8.296 62.06 1.446 
15% 374 10.278 8.730 40 8.727 65.28 1.375 
16 396 10.440 8.600 41 9.168 68.58 1.309 
16% 440 10.772 8.330 42 9.621 71.91 1.247 
16% 485 11.11 8.081 43 0.085 75.44 1.190 
16% 530 11.45 7.843 44 0.559 78.99 1.136 
17 576 11.79 7.511 45 1.045 82.62 1.087 
17A .623 12.14 7.394 46 1.541 86.33 1.040 
17% .670 12.49 7.186 47 2.048 90.13 0.996 
1794 718 12.85 6.985 48 2.566 94.00 0.955 
18 -768 13.22 6.787 49 3.095 97.96 0.916 
184 .817 13.59 6.604 50 3.635 102.00 0.880 
18% .867 13.96 6.427 51 4.186 106.12 0.846 
1854 917 14.34 6.259 52 4.748 110.32 0.814 
19 .969 14.73 6.094 52 5.320 114.60 0.783 
1914 2.021 15.12 5.938 54 5.904 118.97 0.755 
19% 2.074 15.51 5.786 55 6.499 122.82 0.727 
1934 2.128 15.92 5.639 56 7.104 127.95 0.702 
20 2.182 16.32 5.500 57 7.720 132.55 0.677 
2014 2.237 16.73 5.365 58 8.347 13724 0.654 
20⁄2 2.292 17.15 5.236 59 8.985 142.02 0.632 
20% 2.348 17.56 5.110 60 9.637 146.89 0.611 
21 2.405 17.99 4.989 

* To find the capacity of pipes greater than the largest given in the table, look in the table for a pipe 

one-half the given size and multiply its capacity by 4; or one of one-third its size, and multiply its capacity 
by 9; etc. 


1 gal = 231 in’, 1 ft? = 7.4805 gal., 1 gal = 3.7853 L, 1 U.S. gal = 0.83267 Imperial gal., 1 Imp. gal = 
4.5459 L = 0.00455 mr. 
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TABLE A1.6 Contents of Pipes and Cylindrical Tanks—Axis Horizontal—Flat 
Ends—per Foot of Length for any Depth of Liquid 


h= d = diameter of tank, in 
depth 
of 12 8 24 30 36 
liquid 
(in) gal ft gal fe gal ft gal fe gal fe 
2 0.64 0.0860 0.80 0.1072 0.93 0.1244 1.05 0.1400 1.15 0.154 
4 1.73 0.2317 2.18 0.2920 2.57 0.3440 2.90 0.3878 321 0.429 
6 2.94 0.3927 3.85 0.5149 4.59 0.6140 5.23 0.6988 5.80 0.775 
8 4.14 0.5537 5.67 0.7578 6.85 0.9152 7.85 1.049 8.75 1.17 
10 523 0.6994 7.55 1.009 9.26 1.238 10.72 1.432 12.0 1.60 
12 5.87 0.7854 9.38 1.252 11.75 1.571 13.72 1.833 15.4 2.03 
4> domes [dex 11.04 1.476 14.24 1.903 16.82 2.248 19.0 2.54 
Mc. euet ||, wees 12.43 1.659 16.65 2.226 19.90 2.660 22.6 3.02 
18-- | ex | Ase 13.22 1.767 18.91 2.527 23.00 3.075 26.4 3.53 
20- xe TI a l tiges NI a 20.93 2.797 26.00 3.476 29.6 3.95 
22: i esso o a (|)! eese 8 |i) nene 22.57 3.017 28.85 3.859 33.4 4.46 
DA za |) satus | cian |I Fes II ers 23.50 3.1416 31.49 4.209 37.4 5.00 
/ONIERCSEN ||) aes Hl) See! || cease |) + Sys 33.82 4.521 40.4 5.40 
28. "| ume | ait |o steed. ||] meme | Ste | Siig 35.67 4.768 43.7 5.84 
30-7 use. A ume ll Saas. ||| tema |||) went T ® deans 36.72 4.908 46.6 6.23 
32* | ne fie Teste, | | geese iil! mw db ccm» p rS ||| matte |l 49.1 6.55 
34: [umero ewe | Chee iI) eme. j| a l dei ||) cee | | ae SLE 6.85 
x MEE EMEN cx c 529 7.07 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
64 
68 
72 
76 
80 
84 


Formulas for determination of approximate capacity of horizontal cylindrical tanks for any depth. 
Given: diameter of tank d and height of segment h. 

To find area of segment 

when h = 0 to Yd; area = hV1.766dh — h? 

when A = Yad to Yad; area = hV0.017d? + 1.7dh — h? 

1 ft} = 7.4805 U.S. gal = 6.2288 Imperial gal 


1 n? = 264.17 U.S. gal = 219.97 Imperial gal 
1 n? = 35.3147 f? = 1000 L 
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TABLE A1.6 Contents of Pipes and Cylindrical Tanks—Axis Horizontal—Flat 
Ends—per Foot of Length for any Depth of Liquid (Continued) 


h= d = diameter of tank, in 
depth 
of 42 48 54 60 
liquid 
(in) gal ft gal fe gal fe gal ft 
2 1.25 0.167 1.36 0.182 1.43 0.191 1.47 0.197 
4 3.49 0.465 3.72 0.496 3.98 0.531 4.19 0.560 
6 6.31 0.843 6.90 0.921 7.25 0.967 7.48 1.00 
8 9.57 1.28 10.3 137 11.0 1.47 11.6 1.55 
10 13.3 1277. 14.2 1.89 152 2.02 16.2 2.16 
12 16.9 2.26 18.6 2.48 19.7 2.63 21.0 2.81 
14 21.0 2.80 22.8 3.04 24.2 323 26.3 3.52 
16 25.2 3.36 27.4 3.66 29.4 3.92 31.4 4.19 
18 29.4 3.92 32.3 4.31 34.8 4.64 36.9 4.93 
20 33.8 4.51 37.0 4.94 40.1 5.35 42.8 5:72 
22 38.2 5.10 42.0 5.61 45.6 6.08 48.8 6.53 
24 42.5 5.67 47.0 6.27 51.0 6.80 54.7 7.30 
26 46.8 6.25 52.0 6.94 56.7 7.56 61.0 8.15 
28 50.9 6.80 57.0 7.61 62.3 8.33 66.9 8.94 
30 55.0 7.34 61.7 8.23 67.8 9.05 73.4 9.81 
32 58.8 7.86 66.6 8.89 73.4 9.79 79.7 10.7 
34 62.4 8.19 71.3 9.52 78.8 10.5 85.9 TES 
36 65.6 8.75 75.7 10.1 84.2 11.2 92.6 12.4 
38 68.4 9.13 79.9 10.7 89.4 11.9 98.0 13.1 
40 70.7 9.44 83.7 11.2 94.4 12.6 105 14.0 
42 72.0 9.61 87.4 11.7 99.5 13.3 110 14.7 
44^ | ecd Sn 90.3 121 104 13.9 115 15.4 
46 | e [o0 92.7 12.4 108 14.4 121 16.2 
AB > | Rev! ||| Dx 94.0 12.6 112 14.9 126 16.8 
304 7 sami. gf cays, Vt tee! [DO Aes 115 15.4 131 17.5 
32. — scd exe e mS |||) mis 117 15.6 135 18.0 
24» ilu Tem C MD oes L| Rf E omm 119 15.9 139 18.6 
ML xc 143 19.1 
OO. MS ake Fl) xem p.m. ^ 232) 9| he |o SX 145 19.4 
OOS S emo qae CDD xxm CUP, Bo eet | C IE | omes 147 19.6 
64 
68 
72 
76 
80 
84 


Formulas for determination of approximate capacity of horizontal cylindrical tanks for any depth. 
Given: diameter of tank d and height of segment h. 

To find area of segment 

when A = 0 to “4d; area = hV1.766dh — h? 

when A = Yad to Yad; area = hV 0.0174? + 1.7dh — h? 


1 ft} = 7.4805 U.S. gal = 6.2288 Imperial gal 
1 n? = 35.3147 f? = 1000 L 
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TABLE A1.6 Contents of Pipes and Cylindrical Tanks—Axis Horizontal—Flat 
Ends—per Foot of Length for any Depth of Liquid (Continued) 


h= d = diameter of tank, in 
depth 
of 66 72 73 84 
liquid 
(in) gal ft gal fe gal ft gal ft 
2 1:57 0.210 1.65 0.220 1.73 0.229 1.77 0.236 
4 4.42 0.580 4.64 0.618 4.81 0.641 4.95 0.661 
6 8.04 1.07 8.10 1.16 8.78 1.17 9.13 1.22 
8 12.2: 1.63 12.8 1.71 13.4 1.78 13.9 1.86 
10 17.0 2.27 17.7 2.36 18.6 2.48 19.7 2.63 
12 22.1 2.96 23.6 3.14 24.2 3.22 25:7. 3.43 
14 27.6 3.68 28.9 3.85 30.2 4.03 31.5 4.21 
16 33:3 4.45 35.0 4.66 36.1 4.81 38.2 5.10 
18 39.3 5.25 41.7 5.55 43.3 5.78 45.8 6.12 
20 45.5 6.08 48.0 6.40 50.3 6.72 52.5 7.01 
22 51.8 6.93 54.7 7.29 57.6 7.69 60.0 8.02 
24 58.3 7.79 61.9 8.25 64.8 8.65 68.8 9.19 
26 65.0 8.68 68.7 9.15 721 9.63 75.7 10.1 
28 71.8 9.59 76.0 10.2 80.0 10.7 84.1 11.2 
30 78.6 10.5 83.5 11. 88.0 11.8 91.6 12.3 
32 85.4 11.4 90.7 12. 96.0 12.8 01 13.5 
34 92.3 12.3 98.2 13. 104 13.9 09 14.5 
36 99.1 13.2 06 14. 112 14.9 17 15.6 
38 106 14.2 13 15. 120 16.0 26 16.8 
40 113 15.1 21 16. 128 17.1 35 18.0 
42 119 15.9 28 17. 136 18.2 44 19.2 
44 126 16.8 36 18.2 144 19.2 53 20.4 
46 132 17.6 43 19. 152 20.3 62 21.6 
48 138 18.4 50 20.0 160 21.4 71 22.8 
50 144 19.2 57 21.0 168 22.4 79 23.9 
52 150 20.0 64 21.9 176 23.5 87 25.0 
54 156 20.8 70 22.7 183 24.4 96 26.2 
56 161 21.5 76 23.5 191 25.5 204 27.2 
58 165 22.0 82 24.3 198 26.4 212 28.3 
60 169 22.6 88 25.1 205 27.4 219 29.2 
64 176 23.5 98 26.4 218 29.1 235 31.4 
68. - | onas | x 207 27.6 230 30.7 250 33.4 
Jæ ||| © ease. | || octegj 211 28.2 239 31.9 262 35.0 
r MEME EcL 246 32.8 274 36.6 
BO I "xs Do ae C7] ce d.e; dp 299 d p tem 283 37.8 
S42 jl. ah |) AER o | cEESS e| MES daa 288 38.5 


Formulas for determination of approximate capacity of horizontal cylindrical tanks for any depth. 
Given: diameter of tank d and height of segment h. 

To find area of segment 

when A = 0 to “4d; area = hV1.766dh — h? 

when A = Yad to Yad; area = hV 0.0174? + 1.7dh — h? 

1 ft} = 7.4805 U.S. gal = 6.2288 Imperial gal 

1 n? = 35.3147 ft = 1000 L 
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UNITS AND CONVERSION TABLES 


The units and conversion factors for the commonly used quantities associated with 
piping are given in tables contained in App. E1 of this handbook. The following 
is a list of tables in App. E1. 


Table E1.1 Conversion Factors—Frequently Used U.S. Customary Units to 
SI Standard Units 


Table E1.2 Mass Equivalents 

Table E1.3 Length Equivalents 

Table E1.4 Area Equivalents 

Table E1.5 Volume Equivalents 

Table E1.6 Volumetric Flow Rate Equivalents 

Table E1.7 Density Equivalents 

Table E1.8 Pressure Equivalents 

Table E1.9 Energy Equivalents 

Table E1.10 Power Equivalents 

Table E1.11 Conversion Factors for Thermal Conductivity, k 
Table E1.12 Prefix Names of Multiples and Submultiples of Units 


In addition to App. E1, conversion tables and factors are included in various chapters 
of this handbook. 
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CHAPTER A2 
PIPING COMPONENTS 


Ervin L. Geiger, P.E. 
Engineering Supervisor 
Bechtel Power Corporation, Frederick, Maryland 


The term piping refers to the overall network of pipes, fittings, flanges, valves, and 
other components that comprise a conduit system used to convey fluids. Whether 
a piping system is used to simply convey fluids from one point to another or to 
process and condition the fluid, piping components serve an important role in the 
composition and operation of the system. A system used solely to convey fluids 
may consist of relatively few components, such as valves and fittings, whereas a 
complex chemical processing system may consist of a variety of components used 
to measure, control, condition, and convey the fluids. In the following sections, the 
characteristics and functions of the various piping components are described. 


PIPE AND TUBE PRODUCTS 


Pressure pipe and tube products are manufactured to a variety of standard specifica- 
tions of varying designs, employing different manufacturing practices and using a 
wide variety of materials. The end user of these products must apply the least- 
cost product suitable for the specified service conditions. Typically, steel and alloy 
pressure piping is available in cast, wrought, and seam-welded forms. Welded and 
seamless wrought steel pipe is supplied in standard sizes and wall thickness conform- 
ing to ASME B36.10M. Stainless-steel pipe is supplied in standard sizes and wall 
thickness conforming to ASME B36.19M. These standard pipe dimensions are tab- 
ulated in Apps. E2 and E2M, and the metric size equivalent DN of the NPS is given 
in Chap. A1. Some commonly specified piping materials are listed in Table A2.1. 


Pressure Tubing 


Pressure-tube applications commonly involve external heat applications, as in boil- 
ers or superheaters. Pressure tubing is produced to the actual outside diameter and 
minimum or average wall thickness specified by the purchaser. Pressure tubing may 
be hot- or cold-finished. The wall thickness is normally given in decimal parts of 
an inch rather than as a fraction or gauge number. When gauge numbers are given 
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TABLE A2.1 Prevalent Piping Specifications 


Size range 

Specification Product form (NPS) Application 

ASTM A53 Seamless/welded ¥ to 26 Ordinary use in gas, air, oil, 
water, steam 

ASTM A106 Seamless V6 to 48 High-temperature service (steam, 
water, gas, etc.) 

ASTM A369  Forged and bored Custom High-temperature service 

ASTM A335 Seamless Custom High-temperature service 

ASTM A333 Seamless/welded V& and larger Service requiring excellent fracture 


toughness at low temperatures 
ASTM A671 Electric fusion-welded 16 and larger Low-temperature service 

ASTM A672 Electric fusion-welded 16 and larger  Moderate-temperature service 
ASTM A691 Electric fusion-welded 16 and larger High-temperature service 


ASTM A312 Seamless/welded V& and larger Low- to high-temperature and 
corrosive service 
API 5L Seamless/welded Line pipe, refinery, and trans- 


mission service 


without reference to a system, Birmingham wire gauge (BWG) is implied. Weights 
of commercial tubing are given in Apps. E3 and E3M. 

Pressure tubing is usually made from steel produced by the open-hearth, basic 
oxygen, or electric furnace processes. Seamless pressure tubing may be either hot- 
finished or cold-drawn. Cold-drawn steel tubing is frequently process-annealed at 
temperatures above 1200°F (650°C). To ensure quality, maximum hardness values 
are frequently specified. Hot-finished or cold-drawn seamless low-alloy steel tubes 
generally are process-annealed at temperatures between 1200°F (650°C) and 1350°F 
(730°C). Austenitic stainless-steel tubes are usually annealed at temperatures be- 
tween 1800°F (980°C) and 2100°F (1150°C), with specific temperatures varying 
somewhat with each grade. This is generally followed by pickling, unless bright 
annealing was done. 


Pipe Fittings 


The major piping materials are also produced in the form of standard fittings. 
Among the more widely used materials are ductile or cast iron, malleable iron, 
brass, copper, cast steel, forged steel, and wrought steel. Other major nonferrous 
piping materials are also produced in the form of cast and wrought fittings. Ductile 
and cast-iron fittings are made by conventional foundry methods for a variety of 
joints including bell-and-spigot, push-on flanged, and mechanical (gland-type) or 
other proprietary designs. 


Ductile and Cast-Iron Fittings 
Cast-iron fittings are covered by a number of ASME and ANSI/AWWA standards: 


ASME B16.1 Cast Iron Pipe Flanges and Flanged Fittings, Class 
25, 125, 250, and 800 (The standard also includes 
bolt, nut, and gasket data.) 
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ASME B16.4 Gray Iron Threaded Fittings, Class 125 and 250 
ASME B16.12 Cast Iron Threaded Drainage Fittings 
ANSI/AWWA C110/A21.10 Ductile Iron and Gray Iron Fittings, 3-in through 


48-in (76 mm through 6200 mm), for Water and 
Other Liquids 


ANSI/AWWA C115/A21.15  Ductile Iron and Gray Iron Fittings, 3-in through 
48-in (76 mm through 1200 mm), for Water 


ANSI/AWWA C153/A21.53 Ductile Iron Compact Fittings, 3-in through 24-in 
(76 mm through 610 mm) and 54-in through 64-in 
(1400 mm through 1600 mm), for Water Service 


Cast-lron Threaded Fittings 


Cast-iron threaded fittings are covered by ASME Standard B16.4. The standard 
specifies the below-listed attributes for Class 125 and Class 250 tees, crosses, 45? 
and 90? elbows, reducing tees, caps, couplings, and reducing couplings in sizes 
ranging from NPS 1⁄4 (DN 6) through NPS 12 (DN 300), inclusive. However, in Class 
250, the standard only covers 45? and 90? elbows, straight tees, and straight crosses. 


* Pressure-temperature ratings 

* Size and method of designating openings of reducing fittings 
* Marking 

* Minimum requirements for materials 

* Dimensions and tolerances 

* Threading 

* Coatings 


TABLE A2.2 Pressure-Temperature Rating of 
ANSI/ASME B16.4 Cast-Iron Fittings 


Temperature (CF) Class 125 (psi) Class 250 (psi) 


—20 to 150 175 400 
200 165 370 
250 150 340 
300 150 310 
350 125* 300 
400 Pes 2501 


* Permissible for service temperature up to 353°F, reflecting 
the temperature of saturated steam at 125 psig. 

+ Permissible for service temperature up to 406°F, reflecting 
the temperature of saturated steam at 250 psig. 


The pressure-temperature ratings of Class 125 and Class 250 are listed in Table 
A2.2. The ratings are independent of the contained fluid and are the maximum 
nonshock pressure at the listed temperature. As a minimum, the material must 
conform to class A of ASTM A126. The fittings are threaded with ASME B1.20.1 
pipe threads. 
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TABLE A2.3 Pressure-Temperature Rating of ASME B16.3 Malleable-Iron 
Threaded Fittings 


Class 300 (psig) 


Temperature Class 150 

(°F) (psig) Sizes 1⁄4 to 1 Sizes 1% to 2 Sizes 2% to 3 

—20 to 150 175 2000 1500 1000 
200 265 1785 1350 910 
250 225 1575 1200 825 
300 185 1360 1050 735 
350 150* 1150 900 650 
400 £53 935 750 560 
450 ea 725 600 475 
500 uA 510 450 385 
550 vs 300 300 300 


* Permissible for service temperature up to 366°F, reflecting the temperature of saturated steam 
at 150 psig. 


Malleable-lron Threaded Fittings 


Malleable-iron fittings are also extensively produced. They are generally made 
with threaded joints. Malleable-iron threaded fittings for Classes 150 and 300 are 
standardized in ASME B16.3. The standard specifies the same attributes for Class 
150 and 300 fittings as discussed under ASME B16.4 for gray-iron fittings. The 
fittings are available in a variety of configurations from NPS ¥% (DN 3) through 
NPS 6 (DN 150). The pressure-temperature ratings of these fittings are listed in 
Table A2.3. As with cast-iron fittings, the ratings are independent of the contained 
fluid and are maximum nonshock pressures at the listed temperatures. Malleable- 
iron fittings are furnished black, galvanized, or as otherwise ordered by the buyer. 
The galvanized threaded fittings commonly used in water piping for homes are 
Class 150 malleable iron. Minimum properties of malleable iron are required to 
meet ASTM A197 Cupola Malleable Iron requirements. The fittings are threaded 
with ASME B1.20.1 pipe threads. 


Cast-Brass and Cast-Bronze Threaded Fittings 


Cast-brass and -bronze threaded fittings are commonly produced for use with brass 
pipe. The fittings are manufactured in accordance with ASME B16.15 in pressure 
Classes 125 and 250. The standard establishes pressure-temperature ratings, size 
and method of designating openings of reducing fittings, marking, minimum require- 
ments for casting quality, and materials. The nonshock pressure-temperature ratings 
are listed in Table A2.4. The permitted materials for the fittings are: 

ASTM B62, alloy C83600 

ASTM B584, alloy C83800 and C84400 

ASTM B16, alloy C36000 (bar stock)* 


ASTM B140, alloy C32000 or C31400 (bar stock)* 


* Used for manufacture of threaded plugs, bushings, and caps. 
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TABLE A2.4  Pressure-Temperature Rating for Classes 
125 and 250 Cast-Bronze Threaded Fittings (ANSI/ 
ASME B16.15-1985)* 


Temperature (°F) Class 125 (psi) Class 250 (psi) 


—20 to 150 200 400 
200 190 385 
250 180 365 
300 165 335 
350 150 300 
400 125 250 


* Ratings are independent of the contained fluid. 


Soldered-Joint Fittings 


Soldered-joint wrought metal and cast-brass or -bronze fittings for use with copper 
water tubes are covered by ASTM B88 and H23.1. The fittings are made in accor- 
dance with ASME B16.22 and B16.18, respectively. Joints using these types of 
fitings and made with 50—50 tin-lead solder, 95-tin 5-antimony solder, or solder 
melting above 1100°F (593°C) have the pressure-temperature ratings shown in Table 
A2.5. (Note: Lead-bearing solder is not permitted for potable water service.) 

Wrought copper fittings normally have a minimum copper content of 83 percent. 
Cast-brass fittings conform to ASTM B62 and have a nominal composition of 85 
percent copper, 5 percent tin, 5 percent lead, and 5 percent zinc. The minimum 
requirements for 50—50 tin-lead solder generally used with these fittings are covered 
in ASTM B22 alloy grade 50A. Metal thickness tolerances and general dimensions 
of fittings are given in ASME B106.18. 


TABLE A2.5 Pressure Ratings for Solder Joints (ASME B16.18-1984). Maximum 
Working Pressure (psi). 


Working 144-2  2Ve-4 
temperatures 4-1 in, in, in, 5-8 in, 
Solder used in joints CF) incl.* incl* — incl* incl.* 
50—50 tin-leadt 100 200 175 150 135 
150 150 125 100 90 
200 100 90 75 70 
250 85 75 50 45 
95—5, tin-antimony 100 500 400 300 270 
150 400 350 275 250 
200 300 250 200 180 
250 200 175 150 135 
Solders melting at or above 1100°F t t t t t 


* Standard water tube sizes. 
+ ASTM B32 alloy grade 50A. 
+ Rating to be consistent with materials and procedures employed. 


A.58 PIPING FUNDAMENTALS 


Cast-lron Flanged Fittings 


Cast-iron flanged fittings are produced in accordance with ASME B16.1. The stan- 
dard specifies pressure-temperature ratings, sizes, marking, minimum requirements 
for materials, dimensions and tolerances, bolting, gasketing, and testing require- 
ments. The fittings are manufactured in a variety of configurations (tees, elbows, 
crosses, laterals, etc.) in pressure Classes 25, 125, 250, and 800. Not all sizes and 
styles are available in all ratings. The sizes available in each class are listed below: 


Pressure class Size range, NPS (DN) 
25 4 (100) through 72 (1800) 
125 1 (25) through 96 (2400) 
250 1 Q5)through 30 (750) 
800 2 (50) through 12 (300) 


The nonshock pressure-temperature ratings for the four pressure classes are 
listed in Table A2.6. The materials of construction are ASTM A 126 class A or B, 
as shown in Table A2.6. 


Cast- and Forged-Steel and Nickel-Alloy Flanged Fittings 


Flanged fittings of steel and nickel alloys are manufactured in accordance with 
ASME B106.5. The standard covers ratings, materials, dimensions, tolerances, mark- 
ing, testing, and methods of designating openings for pipe flanges and flanged fittings 
in sizes NPS !^ (DN 15) through NPS 24 (DN 600) and in rating Classes 150, 300, 
400, 600, 900, 1500, and 2500. However, not all sizes are available in all pressure 
classes. Dimensions of more commonly used fittings are given in Table A2.7. The 
standard also contains recommendations and requirements for bolting and gaskets. 

Within each pressure class, the dimensions of the fittings are held constant, 
irrespective of the materials being used. Since the physical properties of different 
materials vary, the pressure-temperature ratings within each pressure class vary 
with the material. As an example, a Class 600 forged carbon steel (A105) flange is 
rated at 1270 psig at 400°F, whereas a Class 600 forged stainless steel (A182, F304) 
flange is rated at 940 psig at 400?F. The matrix of materials and pressure classes is 
too numerous to reproduce here; therefore, the reader is referred to ASME B16.5 
for the flanged fitting pressure-temperature ratings. Figures A2.1, A22, and A2.3 
illustrate the reduction in pressure rating with increase in temperature for group 
1.1 (ASTM A105), 1.10 (ASTM A182, Gr. F22, Cl. 3), and 2.1 (ASTM A182, Gr. 
F304) materials. 


Forged-Steel Threaded and Socket-Welding Fittings 


Forged-steel socket welding and threaded fittings are manufactured in accordance 
with ASME B16.11. The standard covers pressure-temperature ratings, dimensions, 
tolerances, marking, and material requirements for forged carbon and alloy steel 
fittings in the styles and sizes listed in Tables A2.8 and A2.9. Acceptable material 
forms are forgings, bars, seamless pipe, and seamless tubes which conform to the 
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TABLE A2.6 Pressure-Temperature Rating of Cast-Iron Pipe Flanges and Flanged Fittings 
(ASME B16.1-1989). 


Class 25*, Class 125, ASTM A 126 Class 250,* ASTM A 126 Class 800,* 
ASTM A 126, ASTM A 
Class A Class A Class B Class A Class B 126, Class B 
NPS NPS NPS NPS NPS NPS NPS NPS NPS NPS NPS 
Temperature, °F 4-36 42-96 1-12 1-12 14-24 30-48 1-12 1-12 14-24 30-48 2-12 
—20 to 150 45 25 175 200 150 150 400 500 300 300 800 
200 40 25 165 190 135 115 370 460 280 250 
225 35 25 155 180 130 100 355 440 270 225 
250 30 25 150 175 125 85 340 415 260 200 
275 25 25 145 170 120 65 325 395 250 175 
300 vg am 140 165 110 50 310 375 240 150 
325 etes M 130 155 105 et 295 355 230 125 
3531 "C an 125 150 100 t 280 335 220 100 
375 "i has AM 145 dete but 265 315 210 
4061 — vai us 140 RM ean 250 290 200 
425 nr 3e es 130 yh ts E 270 
450 ee She sia 125 vss p T 250 
Pressure is in Ib/in? gauge. 
NPS is nominal pipe size. 
Hydrostatic tests are not required unless specified by user. The test pressure is equal to 1.5 times the 100°F 


pressure rating. 

* Limitations: 
(1) Class 25. When Class 25 cast-iron flanges and flanged fittings are used for gaseous service, the maximum 
pressure shall be limited to 25 psig. Tabulated pressure-temperature ratings above 25 psig for Class 25 cast-iron 
flanges and flanged fittings are applicable for nonshock hydraulic service only. 
(2) Class 250. When used for liquid service, the tabulated pressure-temperature ratings in NPS 14 and larger are 
applicable to Class 250 flanges only and not to Class 250 fittings. 
(3) Class 800. The tabulated rating is not a steam rating and applies to nonshock hydraulic pressure only. 

T 353°F (max.) to reflect the temperature of saturated steam at 125 psig. 

t 406°F (max.) to reflect the temperature of saturated steam at 250 psig. 
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TABLE A2.7 Dimensions of Typical Commercial Cast-Steel Flanged Fittings (from ASME B16.5-1996) 


GG 
p [t NN 
CC 
KK 
90° elbow 90° long radius 45? elbow ^ 45? lateral Reducer 
elbow 
Nominal V4e-in raised-face Ring joint 
pipe 
size AA BB CC EE FF GG HH JJ KK LL MM NN L* Dt 
Class 150 
1 3% 5 1% 5% 1% 4% 3% 5% 2 6 2 V, Va 
1% 3% 52 2 6% 1% 4% 4 5% 2% 615 2 V, Va 
1% 4 6 2% 7 2 4% 44 6% 22 TVA 214 V4 Va 
2 4% 6% 2% 8 2% 5 494 634 23A 8 23A V4 Va 
2% 5 7 3 9% 2% 5⁄2 5% TA 3v, 934 23A Ws Va 
3 5⁄2 T/a 3 10 3 6 5% 8 3v, 10% 3% V4 Va 
3 6 84 32 11% 3 62 6% 8% 334 1134 3v, V, Va 
4 6% 9 4 12 3 7 634 9v, 4A 12% 3% V, Vo 
5 Tr 10% 4V5 13% 3% 8 Tis 10% 494 1334 334 V, Va 
6 8 11% 5 14% 3% 9 8% 11% 5% 14% 334 See V, Va 
8 9 14 5⁄2 17% 44 11 9v, 14% 534 17% 494 notet V, Va 
10 11 16% 62 20% 5 12 11% 16% 63A 20% 5% V, Va 
12 12 19 T2 24% 5% 14 12% 19% TA 24% 5% VA oa 
14 14 21% Tr 27 6 16 14% 21% TA 27% 6% V, Vs 
16 15 24 8 30 615 18 15% 24% 84 30% 634 V, Vs 
18 16% 26⁄2 82 32 7 19 1694 2694 83A 32% TA V, Vs 
20 18 29 92 35 8 20 18% 29% 934 35% 8% V, Vs 
24 22 34 11 40⁄2 9 24 22V4 34V4 11% 40% 9v, V4 Vs 
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TABLE A2.7 Dimensions of Typical Commercial Cast-Steel Flanged Fittings (from ASME B16.5-1996) (Continued) 


Nominal Ye-in raised-face Ring joint 
pipe 
size AA BB cc EE FF GG HH JJ KK LL MM NN L* Dt 
Class 300 

1 4 5 24 6% 2 4% 44 5⁄4 2⁄2 634 24 Va Yoo 
TA 44 5⁄2 2% Ta 24 4o 42 5% 2% T2 2% Va Yoo 
1% 4% 6 2% 8% 2⁄2 4% 494 614 3 8% 23A Va Yoo 
2 5 6% 3 9 2⁄2 5 56 61316 36 9546 21316 Hs Ue 
2⁄2 5⁄2 7 3% 10% 2⁄2 5⁄2 5136 The 31246 101346 29546 He Ue 
3 6 TY 3% 11 3 6 6546 86 31346 11%6 3%e 546 Tsz 
35 6% 8% 4 12% 3 6% 61346 81346 456 121346 36 He 752 
4 7 9 4% 13% 3 7 T6 9546 46 1346 3546 He Tsz 
5 8 10% 5 15 315 8 8546 10946 5546 1576 31316 Ae Tsz 
6 8⁄2 11% 5⁄2 17% 4 9 85246 11546 51346 175346 46 946 Tsz 
8 10 14 6 20% 5 11 10%6 14%6 6546 201246 56 See 946 52 

10 11% 16% 7 24 5⁄2 12 11546 161346 The 24546 5136 notet 6 Tsz 

12 13 19 8 27 6 14 13546 19546 8546 2746 6%6 546 Tsz 

14 15 21% 8% 31 6% 16 1576 211316 81246 3194s 61346 He Tsz 

16 16% 24 915 34V. T2 18 16136 24546 91346 34s 79946 He Tsz 

18 18 26% 10 37% 8 19 18%6 261316 10346 376 876 6 Tsz 

20 19% 29 10% 40% 8% 20 19% 29% 10% 40% 8% y6 Tsz 

24 22⁄2 34 12 4T% 10 24 221546 3474s 1274s 4746 1074e As VA 
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TABLE A2.7 Dimensions of Typical Commercial Cast-Steel Flanged Fittings (from ASME B16.5-1996) (Continued) 


Nominal -in raised-face Ring joint 
pipe 
size AA CC EE FF GG HH KK LL MM NN TE Dt 
Class 400 (for sizes smaller than NPS 4 use Class 600) 
4 8 5⁄2 16 4% 8% 846 5946 16446 4946 Jhe p 
5 9 6 16% 5 ga Me 6146 16146 She 54e p 
6 934 6% 18% E 10 91346 6546 18546 5546 Ae Wsz 
8 1134 634 224 5% 12 1146 6146 22946 59/6 54e p 
10 13 TA. 25% 6% 13% 1354s Te 25348 64a He ha 
12 15 8% 29% 6% 15% 15% 8136 291346 69a He ha 
14 16. 9, 32% 7 16% 1655 976 32136 The See He ha 
16 17% 10% 30% 8 18/5 176 10546 36946 846 note 54e p 
18 19% 10% 39% 82 19% 19%6 10146 39946 8946 Ae Yaa 
20 20% 11⁄4 423A 9 21 20% 11% 4278 96 % p 
24 24⁄4 12% 50% 10% 24% 2474s 123546 5076 1016 The p 
Class 600 
Vo E 2 594 1% E 3752 1322 5233/2 1232 he Vs 
94 3% 242 6% 2 5 3% 2% 6% 2 ys Yoo 
1 4a 212 TA 24 5 4% 2% TA 2% Ys 5/2 
1% 4% 234 8 2% E 4% 2% 8 2% ys Yoo 
1% 4% 3 9 2% > 4% 3 9 2% Ys Yo 
2 5% 44 10% 3% 6 59/6 4/6 10946 3946 Jhs A6 
26 6% 4% 11% 3% 6% 6346 496 11946 3946 Jhe A6 
3 7 5 12% 4 Ma The Vis 125346 4e He As 
Ph Tr 5⁄2 14 4% TA T6 5946 1446 4946 Jhe A6 
4 8⁄2 6 16% 4% 8% 8946 6146 16946 4946 Jhe Ae 
3 10 7 19% 6 10% 10146 Ths 19946 6146 See Jhs A6 
6 11 TY 21 6% 114 116 T/6 216 6946 notet he He 
8 13 8% 242 7 13% 1314s 8946 24946 Ths Jhe A6 
10 15⁄2 92 295 8 15% 15946 9946 29946 846 Jhs Ae 
12 16% 10 31% 8% 16% 1694s 10% 3194s EOM He As 
14 17% 10% 344 9 17% 17946 101346 34546 Me Jhe Ae 
16 19% 11% 38% 10 19% 1994s 11345 38% 106 He As 
18 21% 12% 42 10% 2194 21946 12546 426 10%s He As 
20 23⁄2 13 452 11 23% 23% 13% 45% 11% K He 
24 272 14% 53 13 27/4 276 1416 53946 13%6 Ths p 


£9'V 


TABLE A2.7 Dimensions of Typical Commercial Cast-Steel Flanged Fittings (from ASME B16.5-1996) (Continued) 


Nominal V4-in raised-face Ring joint 
pipe 
size AA CC EE FF GG HH KK LL MM NN L* Dt 


Class 900 (for sizes smaller than NPS 3 use Class 1500) 


3 Tr 5⁄2 14% 4% TAa Ths 5%6 14946 4946 Jhs Yoo 
4 9 6% 17% 5% ga Me 6946 17946 5946 946 Y2 
5 11 T2 21 615 11% 11446 TAe 216 6%6 Jhs Yoo 
6 12 8 222 615 12% 12146 846 22946 6346 54e Yoo 
8 14% 9 272 Tr 14% 14%6 Me 27/6 Ths Jhe Yoo 
10 16% 10 31% 8% 16% 16%6 106 31946 8946 946 Vo 
12 19 11 34% 9 17% 196 116 34946 9146 See 946 Ys 
14 20% 11% 36% 9⁄2 19 2076 116 366 916 notet Ae Yo 
16 221A 12% 40% 10% 21 226 126 401546 101446 LU h2 
18 24 13% 45% 12 245 24V4 13% 45% 12% L 346 
20 26 14% 50% 13 2615 26% 14% 50% 134% Yo 346 
24 30% 18 60 15% 3015 30% 18% 60% 15% 95 2 


Class 1500 


Vo 4% 3 as xe bns d 4% i.— XL eest 1 ha AES V, Yoo 
9A 4% 3M aye aed VAS Ri 4Vo 3UA  ' U^ we] [D t mee L Yoo 

1 5 3% 9 22 5 5 3% 9 2” L Y2 
1% 5% 4 10 3 5% 5% 4 0 3 L Vo 
1% 6 4a 11 35 614 6 4% 1 3% L Yo 
2 TA 4 13% 4 TA Ts 41346 3546 44e he Vs 
2% 8A 5% 1534 42 84 8546 5546 5546 4946 946 Vs 
3 9V4 594 17A 5 9v, 9546 596 Ths SMe 54e Vs 
4 10% TA 19% 6 10% 101346 T6 9546 6146 946 Vs 
5 13% 8% 23% Tp 13% 13%6 81346 239546 T%6 he Vs 
6 13% 9% 24% 8% 14% 14 9v5 25 8A See 95 Vs 
8 16% 10% 29% 9s 17 16%6 11'4e 3046 9946 notet LU Yo 
10 1915 12 36 1014 2014 196 12346 36946 10746 Ae Yo 
12 22% 13% 40% 12 23 22%6 13%6 4146 12546 946 346 
14 24% 14% 44 1215 2594 25% 14% 44% 12% % 2 
16 27% 16% 48% 14% 281A 276 166 486 15%6 146 he 
18 30% 17% 53% 16% 31% 3016 18246 53146 161546 146 h6 
20 3234 18% 579A 17% 34 33346 1924s 58946 18946 146 38 
24 38% 20% 67% 20% 39% 38/46 21946 676 216 1346 The 


* L = height of raised face of ring-joint flanges. 
t D = approximate distance between flange faces when ring is compressed. 
+ Center-to-face dimensions shown for fittings with ring-joint flanges apply to straight sizes only. For reducing fittings and reducers, use dimensions shown for raised-face 
flanges of largest opening; Class 400 and higher classes, subtract the !4-in raised face for each flange (do not subtract the !Ae-in raised face in Class 150 and 300); add 
height of ring-joint raised face (L) applying to each flange. 

For calculating the “laying length" of fittings with ring joints, add the approximate distance (D) between flange faces when ring is compressed to the center-to-face 
dimensions in these tables. 
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FIGURE A2.1 Operating temperature versus allowable working pressure for ASME B16.5 flanges 
and flanged fittings—Group 1.1 materials. (From ASME B16.5, 1996) 


7000 


—9— CLASS 150 


—W-— CLASS 300 


.. CLASS 400 
—3-— CLASS 600 
—X— CLASS 900 


5000 
—€— CLASS 1500 


—t— CLASS 2500 


4000 


3000 + 


2000 


Maximum Allowable Working Pressure (psig) 


Operating Temperature (F) 


FIGURE A2.2. Operating temperature versus allowable working pressure for ASME B16.5 flanges 
and flanged fittings—Group 1.10 materials. (From ASME B16.5, 1996) 
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FIGURE A2.3 Operating temperature versus allowable working pressure for ASME B16.5 flanges 
and flanged fittings—Group 2.1 materials. (From ASME B16.5, 1996) 


chemical compositions, melting practices, and mechanical property requirements 
of ASTM A105, A182, or A350. 

Threaded fittings are available in pressure Classes 2000, 3000, and 6000. Socket- 
welded fittings are available in pressure Classes 3000, 6000, and 9000. Limitations 
on fitting size and service conditions are as provided for by the code governing the 
installation. The maximum allowable pressure of the fitting is equal to that computed 
for straight seamless pipe of equivalent material, considering manufacturing toler- 
ance, corrosion allowance, and mechanical strength allowance. Also, for socket- 
welding fittings, the pressure rating must be matched to the pipe wall thickness to 
ensure that the flat of the band can accommodate the size of the fillet weld required 
by the applicable code. The recommended fitting pressure class for the various pipe 
wall thicknesses is as follows: 


Threaded Socket-welded 
Pipe schedule and designation class class 
80/XS or less 2000 3000 
160 3000 6000 
XXS 6000 9000 


Internal threads of threaded fittings are in accordance with ASME B1.20.1-Pipe 


Threads, General Purpose (Inch). 
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TABLE A2.8 Dimensions of Typical Commercial Forged-Steel Threaded Fittings (ASME B16.11-1996) 


a / CY mE TE 
Bus ! «A (T 
3 Te BL: DES 1 


90? elbow 45? eibow Cross Coupling Reducer Half coupling Pipe cap 
Dimensions, in 
Y% Ys ys Vo 98 1% 1% 2 2% 3 4 
Class 2000 
A 0.81 0.81 0.97 1.12 31 50 1.75 2.00 2.38 3.00 3.38 4.19 
B 0.88 0.88 1.00 1.31 50 81 2.19 2.44 2.97 3.62 4.31 5.756 
Cc 0.69 0.69 0.75 0.88 .00 12: 1.31 1.38 1.69 2.06 2.50 3.12 
T 0.125 0.125 0.125 0.125 0.125 0.145 0.153 0.158 0.168 0.221 0.236 0.258 
Class 3000 
A 0.81 0.97 12 1.31 50 75 2.00 2.38 2.50 3.25 3.13 4.50 
B 0.88 .00 31 1.50 81 2.19 2.44 2.97 3.31 4.00 4.75 6.00 
C 0.69 0.75 0.88 1.00 42 31 1.38 1.69 1.72 2.06 2.50 3.12 
T 0.125 0.13 0.138 0.161 0.170 0.196 0.208 0.219 0.281 0.301 0.348 0.440 
N 0.68 0.75 0.88 1.12 38 75 2.25 2.50 3.00 3.62 4.25 4.75 
P 1.25 38 50 1.88 2.00 2.38 2.62 3.12 3.38 3.62 4.25 4.75 
R 0.75 .00 .00 1.25 44 .62 1.75 1.75 1.88 2.38 2.58 2.69 
Class 6000 
A 0.97 12 31 1.50 45 2.00 2.38 2.50 325 3.75 4.19 4.50 
B 1.00 31 50 1.81 2.19 2.44 2.97 3.31 4.00 4.75 5.75 6.00 
Cc 0.75 0.88 .00 1.12 :31 1.38 1.69 1.72 2.06 2.50 3.12 3.12 
T: 0.250 0.260 0.275 0.321 0.336 0.391 0.417 0.436 0.476 0.602 0.655 0.735 
N 0.88 .00 25 1.50 45 2.25 2.50 3.00 3.62 4.25 5.00 6.25 
P 1.25 38 50 1.88 2.00 2.38 2.62 3:12. 338 3.62 4.25 4.75 
R Eu .06 .06 131 50 1.69 1.81 1.88 2.00 2.50 2.69 2.94 
Manufacturers’ catalogs should be consulted for dimensions of street elbows and of laterals since these two types 


of fittings are no longer covered by ANSI Standards. 
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TABLE A2.9 Dimensions of Typical Commercial Forged-Steel Socket-Welding Fittings* 
(ASME B16.11-1996) 


Wall thickness, minimum 


Bore diameter 


Center to bottom of socket (A) 


Socket Depth Class 3000 Class 6000 Class 9000 fitting D 90° ells, tees, crossest 45° ellst Laying lengths 
bore of 
Nominal diametert socket Socket | Body | Socket | Body | Socket | Body | Class | Class | Class | Class | Class | Class | Class | Class | Class | Couplings Half 
pipe size B min. C G C G C G 3000 | 6000 | 9000 3000 6000 9000 3000 | 6000 | 9000 E couplings} F 

Vs 0.420 0.254 | 0.141 

0.430 0.38 0.125 0.095 0.135 0.124 0.284 | 0.171 0.44 0.44 0.31 0.31 0.25 0.62 
Va 0.555 0.349 | 0.235 

0.565 0.38 0.130 0.119 0.158 0.195 0.379 | 0.265 0.44 0.53 0.31 0.31 0.25 0.62 
ys 0.690 0.478 | 0.344 

0.700 0.38 0.138 0.126 0.172 0.158 0.508 | 0.374 Pad 0.53 0.62 0.31 0.44 0.25 0.69 
Ve 0.855 0.607 | 0.451 | 0.222 

0.865 0.38 0.161 0.147 0.204 0.188 0.322 0.294 | 0.637 | 0.481 | 0282 0.62 0.75 1.00 0.44 0.50 0.62 0.38 0.88 
94 1.065 0.809 | 0.599 | 0.404 

1.075 0.50 0.168 0.154 0.238 0.219 0.337 0.308 | 0.839 | 0.629 | 0.464 0.75 0.88 1.12 0.50 0.56 0.75 0.38 0.94 
1 1.330 1.034 | 0.800 | 0.569 

1.340 0.50 0.196 0.179 0.273 0.250 0.392 0.358 | 1.064 | 0.830 | 0.629 0.88 1.06 1.25 0.56 0.69 0.81 0.50 12 
TA 1.675 1.365 | 1.145 | 0.866 

1.685 0.50 0.208 0.191 0.273 0.250 0.418 0.382 | 1.395 | 1.175 | 0.926 1.06 1.25 1.38 0.69 0.81 0.88 0.50 19 
1% 1.915 1.595 | 1.323 | 1.070 

1.925 0.50 0.218 0.200 0.307 0.281 0.438 0.400 | 1.625 | 1.353 | 1.130 1.25 1.50 1.50 0.81 1.00 1.00 0.50 25 
2 2.406 2.052 | 1.674 | 1.473 

2.416 0.62 0.238 0.218 0.374 0.344 0.477 0.436 | 2.082 | 1.704 | 1.533 1.50 1.62 2.12 1.00 1.12 1.12 0.75 62 
212 2.906 2.439 

2.921 0.62 0.301 0.276 0.375 2.499 1.62 1.12 0.75 .69 
3 3.535 3.038 

3.550 0.62 0.327 0.300 0.438 3.098 2.25 1.25 0.75 45 
4 4.545 3.996 

4.560 0.75 0.368 0.337 0.531 4.056 2.62 1.62 0.75 88 


* Dimensions for caps and reducers are not standardized. 
+ Values are lower/upper limits. 


+ For tolerances, refer to Table A2.10. 


Refer to manufacturer’s literature for dimensions. 
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TABLE A2.10 Center-to-Bottom and 
Laying Length Tolerances for Classes 3000, 
6000, and 9000 Socket-Welding Fittings 
(from ASME B16.11-1996) 


Tolerances plus or minus 


NPS A E F 
Vs 0.03 0.06 0.03 
V4 0.03 0.06 0.03 
3$ 0.06 0.12 0.06 
Vo 0.06 0.12 0.06 
9A 0.06 0.12 0.06 

1 0.08 0.16 0.08 
1⁄4 0.08 0.16 0.08 
1% 0.08 0.16 0.08 
2 0.08 0.16 0.08 
2% 0.10 0.20 0.10 
3 0.10 0.20 0.10 


4 0.10 0.20 0.10 


Refer to Table A2.9 for nomenclature. 


Welded 90° 
outlet 


Forged 
insert 


Welded 


lateral 
FIGURE A2.4 Typical welding outlet fittings. 
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TABLE A2.11 Dimensions of Typical Commercial 90? Long-Radius Butt-Welding Elbows 
(ASME B16.9-1993) 


Outside Inside Wall Center Pipe Weight 
Nominal diameter diameter thickness to face schedule (approx) 
pipe size (OD) (ID) T A number* (lbt) 
Standard 
L 0.840 0.622 0.109 1% 40 0.2 
94 1.050 0.824 0.113 1% 40 0.2 
1 1.315 1.049 0.133 1% 40 0.4 
1% 1.660 1.380 0.140 1% 40 0.6 
1% 1.900 1.610 0.145 24 40 0.9 
2 2.375 2.067 0.154 3 40 1.4 
2% 2.875 2.469 0.203 334 40 2.9 
3 3.500 3.068 0.216 42 40 4.5 
32 4.000 3.548 0.226 54 40 6.4 
4 4.500 4.026 0.237 6 40 8.7 
5 5.563 5.047 0.258 TY 40 14.7 
6 6.625 6.065 0.280 9 40 22.9 
8 8.625 7.981 0.322 12 40 46.0 
10 10.750 10.020 0.365 15 40 81 
12 12.750 12.000 0.375 18 ei 119 
14 14.000 13.250 0.375 21 30 154 
16 16.000 15.250 0.375 24 30 201 
18 18.000 17.250 0.375 27 ei 256 
20 20.000 19.250 0.375 30 20 317 
22 22.000 21.250 0.375 33 20 385 
24 24.000 23.250 0.375 36 20 458 
26 26.000 25.250 0.375 39 ei 539 
28 28.000 27.250 0.375 42 ei 626 
30 30.000 29.250 0.375 45 ei 720 
32 32.000 31.250 0.375 48 ei 818 
34 34.000 33.250 0.375 51 ei 926 
36 36.000 35.250 0.375 54 ei 1040 
42 42.000 41.250 0.375 63 ei 1420 
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TABLE A2.11 Dimensions of Typical Commercial 90? Long-Radius Butt-Welding Elbows 
(ASME B16.9-1993) (Continued ) 


Outside Inside Wall Center Pipe Weight 
Nominal diameter diameter thickness to face schedule (approx) 
pipe size (OD) (ID) T A number* (lb) 
Extra strong 
Vo 0.840 0.546 0.147 1% 80 0.3 
Ya 1.050 0.742 0.154 1% 80 0.3 
1 1.315 0.957 0.179 1% 80 0.5 
1⁄4 1.660 1.278 0.191 1% 80 0.8 
1% 1.900 1.500 0.200 2M 80 1.0 
2 2.375 1.939 0.218 3 80 2.0 
2M 2.875 2.323 0.276 3% 80 3.8 
3 3.500 2.900 0.300 4% 80 6.1 
3% 4.000 3.364 0.318 5% 80 8.7 
4 4.500 3.826 0.337 6 80 11.9 
5 5.563 4.813 0.375 TVo 80 20.6 
6 6.625 5.761 0.432 9 80 34.1 
8 8.625 7.625 0.500 12 80 69 
10 10.750 9.750 0.500 15 60 109 
12 12.750 11.750 0.500 18 [o 157 
14 14.000 13.000 0.500 21 [o 202 
16 16.000 15.000 0.500 24 40 265 
18 18.000 17.000 0.500 27 et 338 
20 20.000 19.000 0.500 30 30 419 
22 22.000 21.000 0.500 33 30 508 
24 24.000 23.000 0.500 36 et 606 
26 26.000 25.000 0.500 39 20 713 
28 28.000 27.000 0.500 42 20 829 
30 30.000 29.000 0.500 45 20 953 
32 32.000 31.000 0.500 48 20 1090 
34 34.000 33.000 0.500 51 20 1230 
36 36.000 35.000 0.500 54 20 1380 
42 42.000 41.000 0.500 63 ej 1880 
Schedule 160+ 
1 1.315 0.815 0.250 1% 160 0.6 
11⁄4 1.660 1.160 0.250 1% 160 1.0 
1% 1.900 1.338 0.281 2M 160 14 
2 2.375 1.689 0.343 3 160 2.9 
22 2.875 2.125 0.375 3% 160 4.9 
3 3.500 2.624 0.438 4% 160 8.3 
4 4.500 3.438 0.531 6 160 17.6 
5 5.563 4.313 0.625 T2 160 32.2 
6 6.625 5.189 0.718 9 160 53 
8 8.625 6.813 0.906 12 160 117 
10 10.750 8.500 1.125 15 160 226 
12 12.750 10.126 1.312 18 160 375 
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TABLE A2.11 Dimensions of Typical Commercial 90° Long-Radius Butt-Welding Elbows 
(ASME B16.9-1993) (Continued ) 


Outside Inside Wall Center Pipe Weight 
Nominal diameter diameter thickness to face schedule (approx) 
pipe size (OD) (ID) T A number* (lbt) 


Double extra strong 


3A 1.050 0.434 0.308 1% et 0.4 
1 1.315 0.599 0.358 1% et 0.7 
1A 1.660 0.896 0.382 178 et 1.2 
1% 1.900 1.100 0.400 214 et 1.8 
2 2.375 1.503 0.436 3 et 34 
2v 2.875 1.77 0.552 3% et 6.5 
3 3.500 2.300 0.600 4% et 10.7 
3% 4.000 2.728 0.636 5% et 15.4 
4 4.500 3.152 0.674 6 et 21.2 
5 5.563 4.063 0.750 Ty, et 37.2 
6 6.625 4.897 0.864 9 et 61 
8 8.625 6.875 0.875 12 et 114 


* Pipe schedule numbers in accordance with ASME B36.10M. 
t Weights are not tabulated in ASME B16.9. 
t This size and thickness does not correspond with any schedule number. 


Wrought-Steel Butt-Welding Fittings 


Wrought-steel welding fittings include elbows, tees, crosses, reducers, laterals, lap- 
joint stub ends, caps, and saddles. 

Wrought-steel fittings are made to the dimensional requirements of ASME B16.9 
in sizes NPS % (DN 15) through NPS 48 (DN 1200). Also, short-radius elbows and 
returns are produced in accordance with ASME B16.28 in sizes NPS % (DN 15) 
through NPS 24 (DN 600). The wrought fitting materials conform to ASTM A234, 
A403, or A420, the grades of which have chemical and physical properties equivalent 
to that of the mating pipe. ASME B16.9 requires that the pressure-temperature 
rating of the fitting equal or exceed that of the mating pipe of the same or equivalent 
material, same size, and same nominal wall thickness. The pressure-temperature 
rating may be established by analysis or by proof testing. Short-radius elbows and 
returns (fitting centerline bend radius is equal to the fitting NPS) manufactured 
under ASME B16.28 are rated at 80 percent of the rating calculated for seamless 
straight pipe of the same size and nominal thickness and same or equivalent material. 
Therefore, both standards require that, in lieu of specifying any pressure rating, 
the pipe wall thickness and pipe material type with which the fittings are intended 
to be used be identified on the fitting. 

Pressure testing of the fittings is not required by either standard. However, the 
fittings are required to be capable of withstanding, without leakage, a test pressure 
equal to that prescribed in the specification of the pipe with which the fitting is 
recommended to be used. 

Both ASME B16.9 and B16.28 prescribe dimensions and manufacturing toler- 
ances of wrought butt-welded fittings. The standards establish laying dimensions, 
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TABLE A2.12 
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Dimensions of Typical Commercial 90° Short-Radius Elbows 
(ASME B16.28-1994) 


Outside Inside Wall Center Pipe Weight 
Nominal diameter diameter thickness to face schedule (approx) 
pipe size (OD) (ID) T A number* (lbt) 
Standard 
1 1.315 1.049 0.133 1 40 0.3 
1% 1.660 1.380 0.140 DA 40 0.4 
1% 1.900 1.610 0.145 1% 40 0.6 
2 2.375 2.067 0.154 2 40 1.0 
2% 2.875 2.469 0.203 2⁄2 40 1.9 
3 3.500 3.068 0.216 3 40 3.0 
3% 4.000 3.548 0.226 3⁄2 40 4.2 
4 4.500 4.026 0.237 4 40 5.7 
5 5.563 5.047 0.258 5 40 9.7 
6 6.625 6.065 0.280 6 40 152 
8 8.625 7.981 0.322 8 40 30.5 
10 10.750 10.020 0.365 10 40 54 
12 12.750 12.000 0.375 12 ei 79 
14 14.000 13.250 0.375 14 30 102 
16 16.000 15.250 0.375 16 30 135 
18 18.000 17.250 0.375 18 ei 171 
20 20.000 19.250 0.375 20 20 212 
22 22.000 21.250 0.375 22 ei 256 
24 24.000 23.250 0.375 24 20 305 
268 26.000 25.250 0.375 26 ei 359 
28 28.000 27.250 0.375 28 ei 415 
30 30.000 29.250 0.375 30 ei 480 
32 32.000 31.250 0.375 32 ei 546 
34 34.000 33.250 0.375 34 ei 617 
36 36.000 35.250 0.375 36 ei 692 
42 42.000 41.250 0.375 48 ei 1079 


PIPING COMPONENTS A.73 


TABLE A2.12 Dimensions of Typical Commercial 90° Short-Radius Elbows 
(ASME B16.28-1994) (Continued ) 


Outside Inside Wall Center Pipe Weight 
Nominal diameter diameter thickness to face schedule (approx) 
pipe size (OD) (ID) T A number* (lbt) 
Extra strong 
1⁄2 1.900 1.500 0.200 1% 80 0.7 
2 2.375 1.939 0.218 2 80 1.3 
2% 2.875 2.323 0.276 2% 80 2:5 
3 3.500 2.900 0.300 3 80 4.0 
3% 4.000 3.364 0.318 3% 80 5.7 
4 4.500 3.826 0.337 4 80 7.8 
5 5.563 4.813 0.375 5 80 13.7 
6 6.625 5.761 0.432 6 80 22.6 
8 8.625 7.625 0.500 8 80 45.6 
10 10.750 9.750 0.500 10 60 72 
12 12.750 11.750 0.500 12 ei 104 
14 14.000 13.000 0.500 14 ei 135 
16 16.000 15.000 0.500 16 40 177 
18 18.000 17.000 0.500 18 ei 225 
20 20.000 19.000 0.500 20 30 278 
22 22.000 21.000 0.500 22 30 333 
24 24.000 23.000 0.500 24 ei 404 
268 26.000 25.000 0.500 26 20 474 
28 28.000 27.000 0.500 28 20 581 
30 30.000 29.000 0.500 30 20 634 
32 32.000 31.000 0.500 32 20 722 
34 34.000 33.000 0.500 34 20 817 
36 36.000 35.000 0.500 36 20 913 
42 42.000 41.000 0.500 42 ei 1430 


* Pipe schedule numbers in accordance with ASME B36.10M. 

1 Filling weights are not tabulated in ASME B16.28. 

t This size and thickness has no corresponding schedule number. 

§ Dimensional data for pipe sizes NPS 26 and larger are not included in ASME B16.28. 


which remain fixed for each size and type of fitting irrespective of the fitting wall 
thickness. Tables A2.11, A2.12, A2.13, A2.14, and A2.15 list the laying dimensions 
and approximate weights for selected fitting sizes, pipe schedules, and con- 
figurations. 

Laterals are not governed by any national standard. However, dimensions of 
laterals commonly used are given in Table A2.16. Working pressures are rated at 
40 percent of the allowable working pressure established for pipe from which laterals 
are made. Where full allowable pipe pressures must be met, the laterals are generally 
made from heavier pipe with ends machined to match standard pipe dimensions. 
Dimensional tolerances of laterals vary not more than +1/32 in (1.0 mm) for sizes 
up to and including NPS 8 (DN 200) and +1/16 in (2.0 mm) for sizes NPS 10 (DN 
250) through NPS 24 (DN 600). 


A.74 


TABLE A2.13 Dimensions of Typical Commercial Straight Butt-Welding Tees 


(ASME B16.9-1993) 


PIPING FUNDAMENTALS 


Outside Inside Wall Center | Center Pipe Weight 
Nominal | diameter | diameter | thickness | to end | to end | schedule | (approx) 
pipe size (OD) (ID) T C M number* (Ibt) 
Standard 
L 0.840 0.622 0.109 1 1 40 0.3 
Ya 1.050 0.824 0.113 1% 1% 40 0.4 
1 1.315 1.049 0.133 1% 1% 40 0.8 
11⁄4 1.660 1.380 0.140 1% 1% 40 1.3 
1% 1.900 1.610 0.145 24 24 40 2.0 
2 2.375 2.067 0.154 2⁄2 2⁄2 40 2.9 
2⁄2 2.875 2.469 0.203 3 3 40 52 
3 3.500 3.068 0.216 3% 396 40 74 
32 4.000 3.548 0.226 334 394 40 9.8 
4 4.500 4.026 0.237 4V& 4% 40 12.6 
5 5.563 5.047 0.258 4% 4% 40 19.8 
6 6.625 6.065 0.280 5% 598 40 29.3 
8 8.625 7.981 0.322 7 7 40 53 
10 10.750 10.020 0.365 8⁄2 8⁄2 40 91 
12 12.750 12.000 0.375 10 10 ei 132 
14 14.000 13.250 0.375 11 11 30 172 
16 16.000 15.250 0.375 12 12 30 219 
18 18.000 17.250 0.375 13% 13% [o 282 
20 20.000 19.250 0.375 15 15 20 354 
22 22.000 21.250 0.375 16% 16% 20 437 
24 24.000 23.250 0.375 17 17 20 493 
26 26.000 25.250 0.375 19% 19% et 634 
28 28.000 27.250 0.375 20% 20% [o 729 
30 30.000 29.250 0.375 22 22 ej 855 
32 32.000 31.250 0.375 23% 23% et 991 
34 34.000 33.250 0.375 25 25 [o 1136 
36 36.000 32.250 0.375 26% 26⁄2 [o 1294 


TABLE A2.13 


(ASME B16.9-1993) (Continued ) 


PIPING COMPONENTS 


Dimensions of Typical Commercial Straight Butt-Welding Tees 
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Outside Inside Wall Center | Center Pipe Weight 
Nominal | diameter | diameter | thickness | to end | to end | schedule | (approx) 
pipe size (OD) (ID) T C M number* (lbt) 
Extra strong 
Vo 0.840 0.546 0.147 1 1 80 0.3 
Ya 1.050 0.742 0.154 1% 1% 80 0.5 
1 1.315 0.957 0.179 1% 1% 80 0.9 
1⁄4 1.660 1.278 0.191 1% 1% 80 1.6 
1% 1.900 1.500 0.200 2M 24 80 2.4 
2 2.375 1.939 0.218 2⁄2 2% 80 3.4. 
2% 2.875 2.323 0.276 3 3 80 6.4 
3 3.500 2.900 0.300 3% 396 80 9.4 
3% 4.000 3.364 0.318 3% 3% 80 12.6 
4 4.500 3.826 0.337 4¥% 4% 80 16.4 
5 5.563 4.813 0.375 4% 4% 80 26.4 
6 6.625 5.761 0.432 5968 598 80 42.0 
8 8.625 7.625 0.500 7 7 80 76 
10 10.750 9.750 0.500 8% 82 60 118 
12 12.750 11.750 0.500 10 10 ei 167 
14 14.000 13.000 0.500 11 11 ei 203 
16 16.000 15.000 0.500 12 12 40 271 
18 18.000 17.000 0.500 13% 134% ei 351 
20 20.000 19.000 0.500 15 15 30 442 
22 22.000 21.000 0.500 16% 16% 30 548 
24 24.000 23.000 0.500 17 17 20 607 
26 26.000 25.000 0.500 19% 19% 20 794 
28 28.000 27.000 0.500 20% 20% 20 910 
30 30.000 29.000 0.500 22 22 20 1065 
32 32.000 31.000 0.500 23% 23% 20 1230 
34 34.000 33.000 0.500 25 25 20 1420 
36 36.000 35.000 0.500 26% 26⁄2 20 1610 
Schedule 160* 
L 0.840 0.466 0.187 1 1 160 0.4 
94 1.050 0.614 0.218 1% 1% 160 0.6 
1 1.315 0.815 0.250 1% 1% 160 11 
11⁄4 1.660 1.160 0.250 1% 1% 160 1.9 
1% 1.900 1.338 0.281 2M 24 160 3.0 
2 2.375 1.689 0.343 2Vo 2% 160 4.9 
2% 2.875 2.125 0.375 3 3 160 7.8 
3 3.500 2.626 0.438 3% 3% 160 12.2 
4 4.500 3.438 0.531 4¥% 4% 160 22.8 
5 5.563 4.313 0.625 4% 4% 160 38.5 
6 6.625 5.189 0.718 5968 598 160 59 
8 8.625 6.813 0.906 7 7 160 120 
10 10.750 8.500 1.125 81A 82 160 222 
12 12.750 10.126 1.312 10 10 160 360 
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TABLE A2.13 Dimensions of Typical Commercial Straight Butt-Welding Tees 
(ASME B16.9-1993) (Continued ) 


Outside Inside Wall Center | Center Pipe Weight 
Nominal | diameter | diameter | thickness | to end | to end | schedule | (approx) 
pipe size (OD) (ID) T C M number* (lbt) 
Double extra strong 
Vo 0.840 0.252 0.294 1 1 et 0.4 
Ya 1.050 0.434 0.308 1% 1% ei 0.6 
1 1.315 0.599 0.358 1% 1% ei 1.3 
1⁄4 1.660 0.896 0.382 1% 1% ei 24 
1% 1.900 1.100 0.400 24 2% ei 3.7 
2 2.375 1.503 0.436 2⁄2 2⁄2 ei Sef 
2% 2.875 1.771 0.552 3 3 et 9.8 
3 3.500 2.300 0.600 3% 336 ei 14.8 
3% 4.000 2.728 0.636 334 334 ei 20.2 
4 4.500 3.152 0.674 4¥% 4% ei 26.6 
5 5.563 4.063 0.750 4% 4% ei 43.4 
6 6.625 4.897 0.864 5968 598 ei 68 
8 8.625 6.875 0.875 7 7 et 118 


* Pipe schedule numbers in accordance with ASME B36.10M. Other thicknesses available. 
+ Fitting weights are not tabulated in ASME B16.9. 
t This size and thickness does not correspond with any schedule number. 


Forged Branch Fittings 


Under the various pressure piping codes, branch connections may be made by 
welding the branch pipe or a welding outlet fitting to the run pipe, provided sufficient 
reinforcement is available to compensate for the material removed from the run 
pipe to create the branch opening. The reinforcement may be in the form of excess 
material already available in the run and branch pipes, or it may be added. At the 
writing of this book, national standards governing the dimensions, tolerances, and 
manufacture of welding outlet fittings had not been issued. However, MSS-SP-97, 
1995, has been developed to cover forged-carbon-steel 90° branch outlet fittings in 
butt-welding, socket-welding, and threaded outlet ends. The standard provides 
essential dimensions, finish, tolerances, and testing requirements. Because of the 
absence of strict standards, manufacturers produce welding outlet fittings of their 
own proprietary designs. These fittings must comply with the codes governing the 
systems in which the fittings are to be installed. The fittings, when installed in 
accordance with the manufacturers’ recommendations, include the required rein- 
forcement. The dimensions of these fittings vary; standardized dimensions and 
properties must be obtained from the manufacturers. Also, designers must 
consider the appropriate parameters (e.g., stress intensification factors). 
Figure A2.4 shows several types of welding fittings, which are proprietary; the 
terminology used varies with the manufacturer. The fittings are produced in carbon 
and alloy steels under the ASTM specifications for forgings permitted by applica- 
ble codes. 
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TABLE A2.14 Dimensions of Typical Commercial Concentric and Eccentric 
Butt-Welding Reducers (ASME B16.9-1993) 


Concentric Eccentric 


A.77 


Weight (approx), Ib (concentric or eccentric) 
Nominal 
pipe Length Extra Schedule Double 
size H Standard strong 160 extra strong 
36 1% 0.2 0.3 0.3 uns 
3 
AX Vb 1% 0.2 0.3 0.3 0.4 
36 2 0.3 0.4 0.4 0.4 
1x v 2 0.3 0.4 0.5 0.5 
34 2 0.3 0.4 0.5 0.5 
Vo 2 0.5 0.5 0.6 0.7 
1⁄4 X 9 2 0.5 0.5 0.6 0.7 
1 2 0.5 0.6 0.7 0.8 
Vo 22 0.5 0.6 0.8 1.0 
34 242 0.5 0.6 0.9 1.0 
L 
IRR 2% 0.6 0.7 0.9 1.0 
1% 242 0.6 0.8 1.0 1.2 
34 3 0.8 1.0 1.4 1.7 
2x 1 3 0.9 1.0 1.4 1.6 
1% 3 0.9 1.1 1.4 1.8 
1% 3 0.9 1.2 1.6 1.9 
1 3% 1.3 1.7 23 3.0 
1% 3% 1.4 1.7 22 3.1 
l 
HE 3% L5 18 22 3.0 
2: 3% 1.6 2.0 2.7 3.3 
1% 3% 1.7 2.2 3.1 4.1 
3x 1% 3% 1.8 21 3.1 4.0 
2 3% 2.0 2.6 3.4 4.0 
2⁄2 3% 2.1 2.8 3.7 4.6 
1% 4 2.3 3.2 5.8 
1% 4 2.5 3.1 5.8 
3% xX 2 4 2.7 3.5 5.7 
2Vo 4 2.9 3.8 5:9 
3 4 3.0 4.0 6.8 
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TABLE A2.14 Dimensions of Typical Commercial Concentric and Eccentric 
Butt-Welding Reducers (ASME B16.9-1993) (Continued) 
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Weight (approx), Ib (concentric or eccentric) 


Nominal 
pipe Length Extra Schedule Double 
size H Standard strong 160 extra strong 
1% 4 2:7 3.8 5.6 6.6 
2 4 3.1 3.9 5.6 6.6 
4x 2% 4 53 4.4 5.5 6.3 
3 4 3.5 4.7 6.5 77 
3⁄2 4 3.6 4.8 8.2 
2 5 5.0 6.6 10.6 12.2 
2⁄2 5 5:5 7.2 10.2 11.7 
5x 3 5 Dek 7.8 10.2 1141 
32 5 5.8 8.0 x 13.3 
4 5 5.9 8.3 12.4 14.2 
22 5⁄2 7.6 9.9 15.8 18.8 
3 5% 8.0 11.1 15.1 18.5 
6x 3% 5% 8.1 11.6 ean 17.3 
4 5% 8.1 12.0 17.2 19.1 
5 5% 8.6 12.6 18.8 21.4 
3% 6 12.8 16.1 M 27.9 
8x 4 6 13.1 18.6 26.9 25:7 
5 6 13.4 19.5 29.6 292 
6% 6 13.9 20.4 32.1 32.7 
4 7 21.1 253 50 
5 7 21.8 28.7 48 
10x 6 7 223 29.8 50 
8 i 232 314 58 
5 8 30.5 39.1 78 
6 8 311 40.6 75 
RUE. 8 321 374 86 
10 8 33.4 43.6 94 
6 13 55 74 
8 13 57 76 
14 X 10 13 60 79 
12 13 63 83 
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TABLE A2.15 Dimensions of Typical Commercial Butt-Welding Standard Caps (ASME 


B16.9-1993 Except as Noted) 


Nominal | Outside Inside Wall Dish | Knuckle Pipe Weight 
pipe diameter | diameter | thickness | Length | Tangent | radius | radius | schedule | (approx) 
size (OD) (ID) T E S R r number* (Ib) 

L 0.840 0.622 0.109 1 0.74 0.54 0.10 40 0.1 
Ya 1.050 0.824 0.113 1A 0.93 0.72 0.14 40 0.2 
1 1.315 1.049 0.133 1% 1.10 0.92 0.17 40 0.3 
1A 1.660 1.380 0.140 1% 1.02 1.35 0.23 40 0.4 
1% 1.900 1.610 0.145 1% 0.95 1.41 0.27 40 0.4 
2 2.375 2.067 0.154 1% 0.83 1.81 0.34 40 0.6 
2% 2.875 2.469 0.203 1% 0.68 245 0.41 40 0.9 
3 3.500 3.068 0.216 2 1.02 2.69 0.51 40 14 
3% 4.000 3.548 0.226 2% 1.39 3.11 0.59 40 2.1 
4 4.500 4.026 0.237 22 1.26 3.52 0.67 40 2.5 
5 5.563 5.047 0.258 3 1.48 4.42 0.84 40 4.2 
6 6.625 6.065 0.280 3% 1.70 5.31 1.01 40 6.4 
8 8.625 7.981 0.322 4 1.68 6.98 1.33 40 11.3 
10 10.750 10.020 0.365 5 2.13 8.77 1.67 40 20.0 
12 12.750 12.000 0.375 6 2.62 10.50 2.00 AT 29.5 
14 14.000 13.250 0.375 6% 2.81 11.60 2.21 30 35.3 
16 16.000 15.250 0.375 7 2.81 13.34 2.54 30 44.3 
18 18.000 17.250 0.375 8 3.31 15.08 2.88 AT 57 
20 20.000 19.250 0.375 9 3.81 16.84 321 20 71 
22 22.000 21.250 0.375 10 431 18.60 3.54 20 86 
24 24.000 23.250 0.375 10% 4.31 20.35 3.88 20 102 
26 26.000 25.250 0.375 10% 3.81 22.10 4.21 AT 110 
28 28.000 27.250 0.375 10% 3.31 23.85 4.54 AT 120 
30 30.000 29.250 0.375 10% 2.81 25.60 4.88 AT 125 
32 32.000 31.250 0.375 10% 2.31 27.35 5.21 AT 145 
34 34.000 33.250 0.375 10% 1.81 29.10 5.54 AT 160 
36 36.000 35.250 0.375 10% 1.31 30.85 5.88 AT 175 
42 42.000 41.250 0.375 12 1.31 36.10 6.88 AT 230 


* Pipe schedule numbers in accordance with ASME B36.10M. 
+ This size and thickness does not correspond with any schedule number. 
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TABLE A2.16 Dimensions of Typical Commercial Butt-Welding Laterals 


Nominal Standard Weight Extra strong Weight 
pipe (approx) (approx) 
size L and E D (Ib) L and E D (Ib) 

Straight 
1 534 194 1.7 6% 2 2.5 
11⁄4 6% 1% 2.4 TA 1% 3.8 
1% 7 2 3.2 82 2% 5.4 
2 8 2⁄2 5.0 9 2⁄2 7.7 
2⁄2 9% 2% 9.2 10% 2% 13.5 
3 10 3 12.6 11 3 18.8 
3% 11% 3 17.2 12% 3 25.6 
4 12 3 20.8 13% 3 32.8 
5 134% 3% 31.4 15 3⁄2 49.8 
6 14% 3% 42.4 17% 4 79 
8 17% 4% 76 20% 5 140 
10 20% 5 124 24 5⁄2 202 
12 24⁄2 5⁄2 180 272 6 273 
14 27 6 218 31 6Y2 340 
16 30 615 275 34% Tr 433 
18 32 7 326 37% 8 526 
20 35 8 396 40% 8% 628 
24 40% 9 544 ATV 10 882 
TRAPS 


Steam Traps 


The function of a steam trap is to discharge condensate from steam piping or steam 
heating equipment without permitting live steam to escape. Some principal types 
of steam traps are: 


* Float 
* Thermostatic 


* Thermodynamic 
* Inverted bucket 


PIPING COMPONENTS 


The float type (Fig. A2.5) consists of 
a chamber containing a float-and-arm 
mechanism which modulates the posi- 
tion of a discharge valve. As the level of 
condensate in the trap rises, the valve is 
opened to emit the condensate. This 
type of valve tends to discharge a steady 
stream of liquid since the valve position 
is proportional to the rate of incoming 
condensate. Because the discharge valve 
is below the waterline, float-type steam 
traps must employ a venting system to 
discharge noncondensable gases. This is 
generally accomplished with a thermo- 
static element which opens a valve when 
cooler noncondensable gases are pres- 
ent but closes the valve in the presence 
of hotter steam. The thermostatic steam 
trap (Fig. A2.6) contains a thermostatic 
element which opens and closes a valve 
in response to fluid temperature. Con- 
densate collected upstream of the valve 
is subcooled, cooling the thermostat, 
which, in turn, exposes the discharge 
port. When the cooler condensate is dis- 
charged and the incoming condensate 
temperature approaches the saturation 
temperature, the thermostat closes the 
discharge port. Because of its principle 
of operations, the thermostatic trap op- 
erates intermittently under all but maxi- 
mum condensate loads. 

The inverted bucket steam trap (Fig. 
A2.7) consists of a chamber containing 
an inverted bucket (the opening at the 
bottom) which actuates a discharge 
valve through a linkage. The valve is 
open when the bucket rests at the bot- 
tom of the trap. This allows air to escape 
during warm-up until the bottom of the 
bucket is sealed by rising condensate. 
The valve remains open as long as con- 
densate is flowing, and trapped air 
bleeds out through a small vent in the 
top of the bucket. When steam enters 
the trap, it fills the bucket, causing the 
bucket to float so it rises and closes the 
valve. The steam slowly escapes through 
the bucket vent and condenses, thus 
allowing the bucket to sink and reopen 
the valve for condensate flow. Small 
amounts of air and noncondensable 
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FIGURE A2.5 Float steam trap. 
Sarco Inc.) 


(Spirax 


Bimetal 
Plates 


Strainer 
Screen 


Trap Strainer Unit 


Balanced Pressure Thermostatic 
Trap 


FIGURE A2.6 Thermostatic steam trap. (a) 
Trap strainer unit; (b) balanced pressure ther- 
mostatic trap. (Spirax Sarco Inc.) 
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FIGURE A2.7 Inverted bucket steam trap. FIGURE A2.8 Thermodynamic steam trap 
(Spirax Sarco Inc.) (with integral strainer). (Spirax Sarco Inc.) 


gases (such as carbon dioxide) that enter the trap during normal operation are also 
vented through the small opening in the top of the bucket, which prevents the trap 
from becoming air-bound. 

The thermodynamic steam trap is illustrated in Fig. A2.8. In this type of trap, 
flashing of the hot condensate tends to force a small piston into the discharge 
opening when the temperature of the condensate approaches within about 30?F 
(15°C) of the saturation temperature. As soon as the condensate collected in the 
drain system cools sufficiently below the flash temperature, the trap opens and 
discharges the accumulated water until the temperature of the condensate once 
more approaches the saturation temperature and flashes, thereby closing the trap 
and again repeating the cycle. A small orifice permits a continuous discharge of 
steam, flashed vapor, or noncondensable gas when the trap is closed. 

Single orifices are sometimes used to remove condensate from high-pressure, 
high-temperature steam lines. Where the drains are required only in bringing the 
line up to temperature, the use of orifices, in conjunction with valves, is particu- 
larly desirable. 

Air (drain) traps are used to discharge condensed liquid—from a gas system. 
The drain trap operates on the same principle as the float steam trap does, except 
that the drain trap does not contain a thermostatic clement. 


STRAINERS 


Strainers are used in piping systems to protect equipment sensitive to dirt and other 
particles that may be carried by the fluid. During system start-up and flushing, 
strainers may be placed upstream of pumps to protect them from construction 
debris that may have been left in the pipe. Figure A2.9 depicts a typical start-up 
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strainer. Permanent strainers may be in- 
stalled upstream of control valves, traps, 
and instrutments to protect them from 
corrosion products that may become dis- 
lodged and carried throughout the pip- 
ing system. 

Strainers are available in a variety of 
styles, including wye and basket. 

The wye strainer (Fig. A2.10) is gen- 
erally used upstream of traps, control 
valves, and instruments. The wye 
strainer resembles a lateral branch fitting 
with the strainer element installed in the 
branch. The end of the lateral branch 


FIGURE A2.9 Conical start-up strainer. 


is removable, to permit servicing of the strainer. Also, a blow-off connection may 
be provided in the end cap to flush the strainer. 


Strainer 
Screen 


FIGURE A2.10 Wye strainer. 


FIGURE A2.11 


Basket strainer. 
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Basket strainers (Fig. A2.11) are generally used where high flow capacity is 
required. The basket strainer is serviced by removing the cover, which yields access 
to the basket. Basket strainers are also available in a duplex style which consists 
of two parallel basket strainers and diverting valves, which permit diversion of 
the flow through one of the strainer elements while the other element is being 
serviced—an essential feature where flow cannot be interrupted. 


EXPANSION JOINTS 


Expansion joints are used in piping systems to absorb thermal expansion where 
the use of expansion loops is undesirable or impractical. Expansion joints are 
available in slip, ball, metal bellows, and rubber bellows configurations. 

Slip-type expansion joints (Fig. A2.12a) have a sleeve that telescopes into the 
body. Leakage is controlled by packing located between the sleeve and the body. 
Leakage is minimal and can be near zero in many applications. A completely leak- 
free seal cannot be ensured; thus these expansion joints are ruled out where zero 
leakage is required. The packing is subject to wear due to cyclic movement of the 
sleeve when connected piping expands and contracts. Thus, these joints require 
periodic maintenance, either to compress the packing by tightening a packing gland 
or to replace or replenish the packing. Replacement of the packing rings is necessary 
when leakage develops in a joint that has an adjustable packing gland which has 
been tightened to its limit. Some designs provide for packing replenishment rather 
than replacement. These are usually called gun-packed or ram-packed slip joints. 
Since the packing can wear away, some packing material may be picked up in the 
line fluid. This rules out the use of slip joints in systems, where such contamination 
of fluid cannot be tolerated. 

Slip-type expansion joints are particularly suited for lines having straight-line 
(axial) movements of large magnitude. Slip joints cannot tolerate lateral offset or 
angular rotation (cocking) since this would cause binding, galling, and possibly 
leakage due to packing distortion. Therefore, the use of proper pipe alignment 
guides is essential. 

Ball expansion joints (Fig. A2.12b) consist of a socket and ball with a sealing 
mechanism placed between them. The seals are of rigid materials, and in some 
designs a pliable sealant may be injected into the cavity located between the ball 
and socket. The joints are capable of absorbing angular and axial rotation; however, 
they cannot accommodate movement along the longitudinal axis of the joint. There- 
fore, an offset must be installed in the line to absorb pipe axial movement. 

Bellows-type expansion joints (Fig. A2.13) do not have packing; thus they do 
not have the potential leakage or fluid contamination problems sometimes associ- 
ated with slip joints. Likewise, they do not require the periodic maintenance (lubrica- 
tion and repacking) that is associated with slip joints. Bellows joints absorb expan- 
sion and contraction by means of a flexible bellows that is compressed or extended. 
They can also accommodate direction changes by various combinations of compres- 
sion on one side and extension on an opposing side. Thus, they can adjust to lateral 
offset and angular rotation of the connected piping. However, they are not capable 
of absorbing torsional movement. Typically, the bellows is corrugated metal and 
is welded to the end pieces. To provide the requisite flexibility, the metal bellows 
is considerably thinner than the associated piping. Thus these expansion joints are 
especially susceptible to rupture by overpressure. A bellows can also fail because 
of metal fatigue if the accumulated flexing cycles exceed the designed fatigue life 
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FIGURE A2.12 (a) Slip-type expansion joint. (Yarway 
Co.) (b) Typical ball expansion joint. (Barco Co.) 
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FIGURE A2.14 Rubber expansion joint. 


FIGURE A2.13 Metal bellows expansion 
joint. 


(cyclic life) of the bellows or if the flexing extremes exceed the designed compression 
and extension limits. 

Rubber expansion joints (Fig. A2.14) are similar in design to metal bellows 
expansion joints except that they are constructed of fabric and wire-reinforced 
elastomers. They are most suitable for use in cold water service where large move- 
ments must be absorbed (e.g., condenser circulating water). 


THREADED JOINTS 


Threaded joints are normally used in low-pressure small-bore, nonflammable ser- 
vice, although threaded iron pipe is commonly used in domestic gas piping and 
threaded joints up to NPS 12 (DN 300) have been used in low-pressure liquid service. 

For quality joints, it is essential to have smooth, clean threads. A proper form 
for a pipe threading die is shown in Fig. A6.27. Because cut-thread surfaces are 
somewhat imperfect, thread sealants (pipe dope) and lubricants are often used to 
ensure a leak-tight joint. Lubricants such as linseed oil or a compound containing 
powdered zinc or nickel are sufficient to produce a leak-tight joint in well-made 
threads. Imperfect threads may require white lead or plumber's tape to provide a 
good seal. In high-pressure piping where leakage cannot be tolerated, the threaded 
joints may be seal-welded. Where seal welding is employed, all exposed threads 
should be covered to prevent cracking in the weld. 


Dimensional Standards. Dimensional standards for threads are established in 
ASME Standard B1.20.1. This standard specifies dimensions, tolerances, and gaug- 
ing for tape and straight pipe threads, including certain special applications. The 
normal type of pipe joint employs a tapered external and tapered internal thread. 
But straight pipe threads are used to advantage for certain types of pipe couplings, 
grease cup, fuel and oil fittings, mechanical joints for fixtures, and conduit and 
hose couplings. 
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Pressure-Tight Joints 


Pressure-tight joints for low-pressure service are sometimes made with straight 
internal threads and the American standard taper external threads. The ductility 
of the coupling enables the straight thread to conform to the taper of the pipe 
thread. In commercial practice, straight-tapped couplings are furnished for standard- 
weight (schedule 40) pipe NPS 2 (DN 50) and smaller. If taper-tapped couplings 
are required for standard-weight pipe sizes NPS 2 (DN 50) and smaller, line pipe 
in accordance with API 5L should be ordered. The thread lengths should be in 
accordance with the American Standard for Pipe Threads, ASME B1.20.1. Taper- 
tapped couplings are furnished on extra-strong (schedule 80) pipe in all sizes and 
on standard-weight NPS 215 (DN 65) and larger. 

Dry-seal pipe threads machined in accordance with ASME B1.20.3 are also 
employed for pressure-tight joints, particularly where the presence of a lubricant 
or sealer would contaminate the flow medium. Threads are similar to the pipe 
threads covered by ASME B1.20.1; the essential difference is that, in dry-seal pipe 
threads, the truncation of the crest and root is controlled to ensure metal-to-metal 
contact coincident with or prior to flank contact, thus eliminating spiral leakage 
paths. Dry-seal pipe threads are used in refrigerant systems and for fuel and hydrau- 
lic control lines in aircraft, automotive, and marine service. Thread sizes up to NPS 
3 (DN 75) are covered by ASME B1.20.3. 


Hose Nipples and Couplings. Hose coupling joints are ordinarily used with a 
gasket and made with straight internal and external loose-fitting threads. There are 
several standards of hose threads having various diameters and pitches, one of 
which is based on the American standard pipe thread. With this thread series, it is 
possible to join small hose sizes ¥ to 2 in, inclusive, to ends of standard pipe having 
American standard external taper pipe 
threads, by using a gasket to seal the 
joint. ASME B120.7 applies to the 
threaded parts of hose couplings, valves, 
nozzles, and all other fittings used in di- 
rect connection with hose intended for 
fire protection or for domestic and indus- 
trial general services. However, fire hose 
coupling dimensions and threads vary 
with fire districts, and the local fire au- 
thority must be consulted. Figure A2.15 
illustrates a typical fire hose coupling. FIGURE A2.15 Typical fire hose coupling. 


Nipple Coupling swivel 


Bolted Joints 
The use of bolted joints is advantageous in the following circumstances: 


* The components cannot be serviced in line. 

* The components being joined are not capable of being welded. 

* Quick field assembly is required. 

* The component or pipe section must be frequently removed for service. 


Bolted piping components are manufactured in accordance with several national 
standards. Also, several manufacturers produce proprietary bolted connections 


A.88 PIPING FUNDAMENTALS 


TABLE A2.17 Dimensions of Typical Commercial Cast-Iron Companion Flanges 
Manufactured in Accordance with ASME B16.1-1989 


potus 


LE 


Companion flange, class 125 


Length 
Thickness Diameter through Weight (approx) 
Diameter of flange* of hub hub* each (Ib) 
of flange (min.) (min.) (min.) 
Size (in) Q (in) Q (in) X (in) Y (in) Cast iron Malleablet 
1 4% "Ae 1546 16 1.75 
1% 4% Vo 25^6 1346 2.00 
1% 5 A6 2%6 7$ 2.25 2.25 
2 6 9$ EA 1 4.00 4.00 
2% 7 16 3946 1% 6.00 6.00 
3 Ty 9A 44 1346 7.63 7.63 
3% 8% 1346 41546 1% 9.00 9.00 
4 9 1946 5546 1946 11.75 11.75 
5 10 1946 6746 1746 14.00 14.00 
6 11 1 T9A6 1946 16.50 16.50 
8 13% 1% 9116 13⁄4 26.00 26.00 
10 16 1346 1116 1546 37.75 
12 19 1% 1446 2346 50.50 
14 OD 21 1% 15% 24 80.00 
16 OD 23⁄2 1746 17% 2% 100.00 
18 OD 25 1946 19% 21146 106.00 
20 OD 27¥2 16 21% 2% 128.00 
24 OD 32 1% 26 3% 202.00 


which offer cost and time savings over conventional flanged connections. However, 
proprietary designs must be used within the limitations of the applicable codes. 


Ductile and Cast-Iron Flanges. Cast-iron flanges are produced in accordance 
with ASME B16.1. The standard establishes dimensional requirements, pressure 
ratings, materials, and bolting requirements. The pressure-temperature ratings and 
materials requirements for cast-iron flanges are the same as those for cast-iron 
flanged fittings. The pressure-temperature ratings are given in Table A2.6. The 
dimensions for Class 125 and Class 250 cast-iron flanges are listed in Table A2.17. 
XDimensions for bolting are listed in Table A2.18. Note that the Class 125 and 
Class 250 flanges can be mated with ASME B16.5 Class 150 and Class 300 steel 
flanges, respectively. When a Class 150 flange is bolted to a Class 125 cast-iron 
flange (a flat-faced flange), the steel flange should be flat-faced. 

Ductile iron flanges and flanged fittings are manufactured in conformance with 
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TABLE A2.17 Dimensions of Typical Commercial Cast-Iron Companion Flanges 
Manufactured in Accordance with ASME B16.1-1989 (Continued ) 


Companion flange, class 250 


Length | Length Weight (approx) 
Thickness | Diameter | through of Diameter each (Ib) 
Diameter | of flange of hub hubt | threads | of raised 
Size | of flange (min.) (min.) (min.) | (min.) face Cast 
(in) | O (in) Q (in) X (in) Y (in) | T (in) W (in) iron | Malleablet 
1% 6% 1346 2% 1% 0.87 3946 5.75 
2 6% % 3546 1A 1.00 4946 6.50 6.50 
2% T2 1 316 176 1.14 41546 9.50 9.50 
3 8% 1% 498 1946 1.20 5146 12.33 12.33 
3% 9 1%6 5y4 195 125 6546 16.00 
4 10 1⁄4 5% 1% 1.30 61546 20.00 20.00 
5 11 1% 7 17s 1.41 8546 24.00 24.00 
6 12% 14e 8% 1146 1.51 9116 32.00 32.00 
8 15 1% 10% 2346 1.71 111546 51.00 51.00 
10 17% 1% 12% 2% 1.92 1416 77.00 
12 20% 2 14% 2946 2.12 16746 103.00 
* All 125-Ib cast-iron standard flanges have a plain face. 
t Dimensional standards have not been established for malleable-iron companion flanges; they are 
generally produced to the same dimensions as cast-iron flanges of the same class. 


t Minimum thickness of Class 250 flanges includes “e-in raised face. 


the following standards: 


ASME B16.42 Ductile Iron Pipe Flanges and Flanged Fittings— Class 150 and 
300. 


ANSI/AWWA . C110/A21.10, C115/A21.15 and C153/A21.53, are listed earlier 
under ductile and cast iron fittings. 


Steel and Nickel-Alloy Flanges. Steel and nickel-alloy flanges up to NPS 24 are 
produced in accordance with ASME B16.5. Steel flanges NPS 26 (DN 650) through 
NPS 60 (DN 1500) are produced in accordance with ASME B16.47. Also, orifice 
flanges are produced in accordance with ASME B16.36. The standards specify 
materials, dimensions, pressure-temperature ratings, and recommendations for bolt- 
ing and gasketing. Flanges manufactured to ASME B16.5 and B16.47 may be cast 
or forged. Also, blind flanges may be fabricated from specific plate materials. The 
most commonly used materials are forged carbon steel (ASTM A105) and forged 
low-alloy and stainless steel (ASTM A182). The standards cover seven pressure 
classes (Classes 150, 300, 400, 600, 900, 1500, and 2500) in a variety of styles and 
materials. Figures A2.16 and A2.17 show typical flange styles. The dimensions of 
each style within each pressure class are held constant irrespective of the material. 
Therefore, within each pressure class, the pressure-temperature rating varies with 
the material properties (see Figs. A2.1, A2.2, and A2.3). 
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TABLE A2.18 Bolting Dimension for Cast-Iron Flanges 


Diameter of Number of Diameter of Diameter of Length of 
Size (in) bolt circle bolts bolts bolt holes bolts 
Class 125 
1 3% 4 Vo % 1% 
11⁄4 32 4 Vo Ye 2 
1% 3% 4 L^ g 2 
2 4 4 96 Ya 21A 
2% 5⁄2 4 % 9A 242 
3 6 4 y6 94 2⁄2 
3⁄2 7 8 y6 Ya 2% 
4 Tr 8 7 % 3 
5 8⁄2 8 9A 76 3 
6 9⁄2 8 9A 76 3, 
8 11% 8 9A 76 3% 
10 14% 12 % 1 3% 
12 17 12 % 1 3% 
14 18% 12 1 1% 4% 
16 21% 16 1 1% 4% 
18 22% 16 1% 14 434 
20 25 20 1% DA 5 
24 2915 20 14 1% 5⁄2 
Diameter of Diameter of Number of Length of 
Size (in) bolt circle bolt holes bolts Size of bolts bolts 
Class 250 
1% 4% Ye 4 3A 234 
2 5 Ya 8 96 234 
2Vo 578 76 8 3A 3, 
3 6% U 8 Ya 3% 
3u% TA 76 8 Ya 3% 
4 T% 76 8 3A 3% 
5 9M, % 8 Ya 4 
6 10% Ye 12 Ya 4 
8 13 1 12 % 4% 
10 15% 1% 16 1 5% 
12 17% 1% 16 1% 5⁄2 


Proprietary Bolted Connections. 


There are various proprietary bolted pipe joining 


systems produced that are not formally addressed by any standard. Under the 
various piping codes, pressure-retaining components not covered by standards spe- 
cifically cited as acceptable for use under the “Code” may be used provided their 


design is proved by analysis or proof testing or a combination of both. 


Flange Types 


Flanges differ in method of attachment to the pipe, i.e., whether they are screwed, 
welded, or lapped. Contact surface facings may be plain, serrated, grooved for ring 
joints, seal-welded, or ground and lapped for metal-to-metal contact. Some common 
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types of joints and facings are shown 
in Fig. A2.18. In Section VIII, Unfired 
Pressure Vessels, of the ASME Boiler 
and Pressure Vessel Code, three types 
of circular flanges are defined, and these 
are designated as loose-type (Fig. 
A2.17), integral-type (Fig. A2.16), and 
optional-type flanges. Under the code, 
the welds and other details of construc- 
tion shall satisfy the dimensional re- 


quirements stated therein. FIGURE A2.16 Typical integral flange (weld- 
ing neck flange). 


Loose-Type Flanges. This (slip-on) 

type covers those designs in which the 

flange has no direct connection to the nozzle neck or the vessel or pipe wall 
and those designs where the method of attachment is not considered to give the 
mechanical strength equivalent of integral attachment. 


Integral-Type Flanges. This type covers designs in which the flange is cast or 
forged integrally with the nozzle neck or the vessel or pipe wall, butt-welded thereto, 
or attached by other forms of arc or gas welding of such a nature that the flange 


x 
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FIGURE A2.17 Typical loose flanges (threaded and slip-on). 


and nozzle neck or vessel or pipe wall is considered to be the equivalent of an 
integral structure. In welded construction, the nozzle neck or the vessel or pipe 
wall is considered to act as a hub. 


Optional-Type Flanges. This type covers designs where the attachment of the 
flange to the nozzle neck or the vessel or pipe wall is such that the assembly is 
considered to act as a unit, which shall be calculated as an integral flange, except 
that for simplicity the designer may calculate the construction as a loose-type flange, 
provided that stipulated load values are not exceeded. 

It is important in flange design to select materials and to proportion dimensions 
of bolts, flanges, and gaskets to ensure that the necessary compression will be 
maintained on the joint faces over the expected life of the equipment. 

Several distinct phases of the problem are involved: (1) type of flange facing, 
(2) finish of contact surfaces, (3) gasket type and proportions, (4) bolt load required 
to secure and maintain a tight joint, and (5) proportions of flange needed to support 
the bolt load. 


Types of Flange Facing. There are numerous types of contact facings for flanges, 
the simplest of which is the plain face provided with a “smooth tool finish." Class 
125 cast-iron flanged fittings are provided with this type of facing. For steel flanges 
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(a) 
Screwed flange to fitting Screwed flange pipe joint, male 
Joint, plain face and female face 


SSSNSS 


S 
S 


(d) " (e) .. 
Lapped pipe to pipe Ring and Groove joint, 
joint, round corner welding neck flange to 


fitting 


Lapped oe to fitting 
(f) joint, Sargol seal welded 

Lapped pipe to fitting joint, 

Sarlun seal welded 

FIGURE A2.18 Commonly used flanged joints. (a) Screwed flange to fitting 
joint, plain face; (b) screwed flange pipe joint, male-and-female face; (c) lapped 
pipe to fitting joint, square corner; (d) lapped pipe to pipe joint, round corner; 
(e) ring and groove joint, welding neck flange to fitting; (f) lapped pipe to fitting 
joint, Sarlun seal welded; and (g) lapped pipe to fitting joint, Sargol seal welded. 


and fittings, the typical facings (Fig. A2.19) are taken from the American Standard 
for Steel Pipe Flanges and Flanged Fittings, ASME B16.5 and ASME B1647. 
The raised face, the lapped, and the large male-and-female facings have the same 
dimensions, which provide a relatively large contact area. Where metal gaskets 
are used with these facings, the gasket area should be reduced to increase the 
gasket compression. 

The flange-facing types illustrated in Fig. A2.19 range in size and contact area 
in the following order: large tongue-and-groove, small tongue-and-groove, small 
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FIGURE A2.19 Typical flange facings (for dimensions, see ASME B16.5). 
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Ur 
T 
Patented Sarlun Modified Sargol 
Basic Height of welding 
raised-face, Height of face Height of front hub projections 
outside 
Nominal diameter Sargol* | Sarlunt | Sargol* Sarlunt Sargol* | Sarlunt 
pipe size R U U N N Y Y 
2% 4% Vo 16 Yq 646 Vs 6 
3 5 9$ 16 946 Ac A6 94e 
4 6346 9A Ya Te 132 946 94e 
5 T6 76 76 L^ L x ¥ 
6 8% 1 1 946 946 y6 98 
8 10% 1% 1% 96 96 x x 
10 12% 1% 11⁄4 98 3A x ¥ 
12 15 1946 1946 96 1346 x ¥ 
14 16% 1% 1% 96 76 x ¥ 
16 18% 1% 1% 96 76 x ¥ 


All dimensions in inches. 
* Dimensions of modified Sargol joint. 
+ Dimensions of Sarlun facings recommended by Sargent and Lundy, Inc. 


FIGURE A2.20 Typical facing dimensions for Sargol and Sarlun joints, Class 150 to 2500 flanges 
(see footnotes). 


male-and-female, and ring joint. Because of the small gasket contact area, a tight 
joint may be secured with the ring-type facing using low bolting loads, thereby 
resulting in lowered flange stresses (ASME B16.5). The Sargol and Sarlun facings, 
which have lips for seal welding, are used frequently for severe service conditions. 
Seal welding is not always performed since, if it is properly made, a tight joint often 
can be maintained without the welded seal, thus facilitating disassembly. Typical 
facing dimensions for Sarlun and Sargol joints are shown in Fig. A2.20. Special 
types of facing of individual design intended for a specific service are numerous. 
Economic considerations generally make it desirable to use a standard facing wher- 
ever possible. 

Selection of the type of facing depends to a considerable extent on the nature 
of the service. However, it is not possible to determine exactly which facing should 
be used. Prior experience is usually relied on as a guide. Plain-face joints with red 
rubber gaskets have been found satisfactory for temperatures up to 220°F (105°C), 
whereas serrated raised-face joints with graphite-steel-composition gaskets are com- 
monly used for temperatures up to 750°F (400°C). For high temperatures and 
pressures, faces giving a high contact pressure for a given bolt load are customary, 
such as the tongue-and-groove and ring joints. However, with high contact pressures, 
the gasket load must be checked to ensure that the gasket is not overcompressed. 
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An equally successful joint for most types of service can be made by using a profile- 
serrated metal gasket contacting the flange facing, which may be the plain male- 
to-male raised-face type. 


Contact Surface Finish. The surface finish is an important factor in determining 
the extent to which a gasket must flow to secure an impervious seal. Bolting that 
results in adequate gasket flow to form a satisfactory seal with a smooth contact 
surface may be inadequate to secure a tight joint with a rough surface. The finish 
may vary from that produced by rough casting surfaces to that produced by grinding 
and lapping. Less gasket flow will be necessary for the latter than for the former. 
The finish most frequently provided on cast-iron and steel pipe flanges is the smooth 
tool finish. A serrated finish frequently is provided for steel flanges, particularly 
when using a graphite-composition gasket with a wide contact area such as is 
furnished on raised, lapped, or large tongue-and-groove facings. The serrated finish 
consists of spiral or concentric grooves, usually about 1/64 in (0.4 mm) deep with 
12.5 serrations per cm (32 serrations per inch). Where metal gaskets are used, a 
smooth surface produced by grinding or lapping is usually provided. The Sargol 
and Sarlun facings mate metal to metal without a gasket, in which case a mirrorlike 
finish is necessary. This is usually produced by grinding and lapping. It is evident 
that the surface finish varies with the type of contact face and gasket used and, 
therefore, should be specified accordingly. 


Gaskets 


Since it is expensive to grind and lap joint faces to obtain fluid-tight joints, a gasket 
of some softer material is usually inserted between contact faces. Tightening the 
bolts causes the gasket material to flow into the minor machining imperfections, 
resulting in a fluid-tight seal. A considerable variety of gasket types are in common 
use. Soft gaskets, such as cork, rubber, vegetable fiber, graphite, or asbestos, are 
usually plain with a relatively smooth surface. The semimetallic design combines 
metal and a soft material, the metal to withstand the pressure, temperature, and 
attack of the confined fluid and the soft material to impart resilience. Various 
designs involving corrugations, strip-on-edge, metal jackets, etc., are available. In 
addition to the plain, solid, and flat-surface metal gaskets, various modified designs 
and cross-sectional shapes of the profile, corrugated, serrated, and other types are 
used. The object in general has been to retain the advantage of the metal gasket 
but to reduce the contact area to secure a seal without excessive bolting load. 
Effective gasket widths are given in various sections of the ASME Boiler and 
Pressure Vessel Code. 


Gasket Materials. Gasket materials are selected for their chemical and pressure 
resistance to the fluid in the pipe and their resistance to deterioration by tempera- 
ture. Gasket materials may be either metallic or nonmetallic. Metallic ring-joint 
gasket materials are covered by ASME Standard B16.20, Ring-Joint Gaskets and 
Grooves for Steel Pipe Flanges. Nonmetallic gaskets are covered in ASME Standard 
B16.21, Nonmetallic Gaskets for Pipe Flanges. Typical selections of gasket materials 
for different services are shown in Table A2.19. 


Gasket Compression. In the usual type of high-pressure flange joint, a narrow 
gasket face or contact surface is provided to obtain higher unit compression on the 
gasket than is obtainable on full-face gaskets used with low-pressure joints. The 
compression on this surface and on the gasket if the gasket is used, before internal 
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TABLE A2.19 Selections of Gasket Materials for Different Services 


Fluid 


Application 


Gasket material* 


Steam (high pressure) 


Steam (low pressure) 
Water 


Water 


Oils (hot) 
Oils (cold) 


Air 


Gas 


Acids 


Ammonia 


Temp up to 1000°F (538°C) 


Temp up to 1000°F (538°C) 
Temp up to 1000°F (538°C) 
Temp up to 1000°F (538°C) 
Temp up to 1000°F (538°C) 


Temp up to 1000°F (538°C) 

Temp up to 750°F (399°C) 

Temp up to 600°F (316°C) 

Temp up to 600°F (316°C) 

Temp up to 220°F (105°C) 

Hot, medium, and high 
pressures 


Hot, low pressures 
Hot 


Cold 

Cold 

Cold 

Cold 

Cold 

Temp up to 750°F (399°C) 
Temp up to 1000°F (538°C) 
Temp up to 212°F (100°C) 
Temp up to 300°F (149°C) 
Temp up to 750°F (399°C) 
Temp up to 220°F (105°C) 
Temp up to 1000°F (538°C) 
Temp up to 1000°F (538°C) 
Temp up to 750°F (399°C) 
Temp up to 600°F (316°C) 
Temp up to 220°F (105°C) 
(Varies; see section on cor- 

rosion) 
Hot or cold mineral acids 


Temp up to 1000°F (538°C) 
Temp up to 700°F (371°C) 
Weak solutions 

Hot 

Cold 


Spiral-wound comp. asbestos or 
graphite 

Steel, corrugated, or plain 

Monel, corrugated, or plain 

Hydrogen-annealed furniture iron 

Stainless steel 12 to 14 percent 
chromium, corrugated 

Ingot iron, special ring-type joint 

Comp. asbestos, spiral-wound 

Woven asbestos, metal asbestos 

Copper, corrugated or plain 


Red rubber, wire inserted 


Black rubber, red rubber, wire in- 
serted 

Brown rubber, cloth inserted 

Comp. asbestos 


Red rubber, wire inserted 
Black rubber 

Soft rubber 

Asbestos 

Brown rubber, cloth inserted 


Comp. asbestos 

Ingot iron, special ring-type joint 
Cork or vegetable fiber 
Neoprene comp. asbestos 


Comp. asbestos 
Red rubber 
Spiral-wound comp. asbestos 


Asbestos, metallic 
Comp. asbestos 
Woven asbestos 
Red rubber 


Sheet lead or alloy steel 


Comp. blue asbestos 
Woven blue asbestos 


Asbestos, metallic 
Comp. asbestos 
Red rubber 

Thin asbestos 
Sheet lead 


* Several gasket manufacturers have introduced nonasbestos, nonmetallic gasket materials for use in 
high-temperature service. These materials are proprietary, and therefore the manufacturers should be 
consulted for specific applications. 
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pressure is applied, depends on the bolt loading used. In the case of standard raised- 
face joints of the steel-flange standards, these gasket compressions range from 28 
to 43 times the rated working pressure in the Class 150 to 400 standards, and from 
1 to 28 times in the Class 600 to 2500 standards for an assumed bolt stress of 60,000 
psi (4200 kg/cm’). For the lower-pressure standards, using composition gaskets, a 
bolt stress of 30,000 psi (2100 kg/cm’) usually is adequate. The effect of applying 
the internal pressure is to decrease the compression on the contact surface, since 
part of the bolt tension is used to support the pressure load. 

The initial compression required to force the gasket materialinto intimate contact 
with the joint faces depends upon the gasket material and the character of the joint 
facing. For soft-rubber gaskets, a unit compression stress of 4000 psi (280 kg/cm?) 
to 6000 psi (420 kg/cm?) usually is adequate. Laminated asbestos gaskets in serrated 
faced joints perform satisfactorily if compressed initially at 12,000 psi (850 kg/cm?) 
to 18,000 psi (1260 kg/cm?). Metal gaskets such as copper, Monel, and soft iron 
should be given initial compressions considerably in excess of their yield strengths. 
Unit pressures of 30,000 psi (2100 kg/cm?) to 60,000 psi (4200 kg/cm?) have been 
used successfully with metal gaskets. Various forms of corrugated and serrated 
metal gaskets are available which enable high unit compression to be obtained 
without excessive bolt loads. These are designed to provide a contact area that will 
flow under initial compression of the bolts so as to make an initially pressure-tight 
joint, but at the same time the compressive stresses in the body of the gasket are 
sufficiently low as to be comparable to the long-time load-carrying ability of the 
bolting and flange material at high temperatures. 

The residual compression on the gasket necessary to prevent leakage depends 
on how effective the initial compression has been in forming intimate contact with 
the flange joint faces. Tests show that a residual compression on the gasket of only 
1 to 2 times the internal pressure, with the pressure acting, may be sufficient to 
prevent leakage where the joint is not subjected to bending or to large and rapid 
temperature changes. Since joints in piping customarily must withstand both these 
disturbing influences, minimum residual gasket compressions of 4 to 6 times the 
working pressure should be provided for in the design of pipe joints. 


Relation of Gaskets to Bolting. There is a tendency, as indicated in the ASME 
Rules for Bolted Flanged Connections, to assign lower residual contact-pressure 
ratios ranging from about 1 for soft-rubber gaskets to 6 or 7 for solid-metal gaskets. 
Whereas these are said to have proved satisfactory service for heat-exchanger and 
pressure-vessel flanges, the more severe service encountered by pipe flanges due 
to bending moments and large temperature changes is considered by many to 
warrant designing on the basis of the larger residual gasket compression ratios 
recommended in the previous paragraph. The lack of understanding of the mechan- 
ics of gasket action, the variety of gasket materials, shapes, widths, and thicknesses; 
the variety of facings used; the variation in flange stiffness; and the uncertainties 
in bolt pull-up are among the factors that render difficult a precise solution to the 
problem of gasket design. 

Rules for bolting and flange design are contained in Sections III and VIII of 
the ASME Boiler and Pressure Vessel Code. 


Bolting 


Bolting material for cast-iron flanges is listed in ASME B16.1. Generally, ASTM 
A307, grade B material is suitable. For steel flanges, acceptable bolting material is 
listed in ASME B106.5. 
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Threading. Bolts and nuts normally are threaded in accordance with ASME B1.1 
Standard for Unified Screw Threads. In diameters 1 in and smaller, Class 2A fits 
on the bolt or stud and Class 2B on the nut applies with the coarse thread series. 
In diameters 1% in and larger, the eight-pitch-thread series applies with the same 
fit. Grade 7 bolts are threaded by roll threading after heat treatment. Roll threading 
cold-works the surface uniformly. The resulting compressive stresses provide sub- 
stantially increased fatigue strength at the thread root, which is usually the weakest 
point. The thread root is the weakest point because it is the smallest cross-sectional 
area in the bolt. The stressed area A of a bolt is computed from 


4 = 0.7854 = 0.9743)? 


where D is the nominal bolt diameter 
and N represents the threads per inch. 

Bolts with fine threads will exhibit a 
slightly higher proof strength (about 10 
percent) than bolts with coarse threads 
(as illustrated in Fig. A2.21), provided 
that the length of engagement with the 
mating internal thread is sufficient to 
guarantee a tensile failure through the 
bolt rather than failure by thread 
stripping. 

In practical bolt assemblies, fine 
threads are considered weaker because 0 2 4 6 8 !0 I 
of reduced thread height. Fine threads Number of exposed threads 
have limited application for threaded as- FIGURE A2.21 Comparison of proof strength 
semblies. They should be used for ad- of fine and coarse threads, SAE Grade 5, 3⁄4- 
justment rather than asaclamping force. in bolts. 


Breaking load, IOOO Ib. 


Dimensions 


The dimensions applicable to bolting materials are given in ASME B16.5, American 
Standard Pipe Flanges and Flanged Fittings. 


Securing and Tightening. For the average low- and medium-pressure installations, 
bolts are made in staggered sequence with wrenches which will usually result in 
adequately tight joints. For the high-pressure and -temperature joints, it becomes 
increasingly important to make up each stud to a definite tension. Torque wrenches 
are sometimes used for this purpose. 

In exceptional cases where a more positive method is desired, the studs may be 
tightened until a definite elongation has been attained. For this condition, an initial 
cold tension of 30,000 psi (2100 kg/cm?) to 35,000 psi (2460 kg/cm’) in each stud 
is recommended. Since the modulus of elasticity of stud material is about 30 x 10° 
psi (2.1 x 10° kg/cm’), a tension of 30,000 psi (2100 kg/cm?) would result in an 
elongation 0.1% of effective length. The effective length is the distance between 
nut faces plus one nut thickness. Special studs with ground ends are required to 
make micrometer measurements for this purpose. After the joint has been in service, 
periodic checks of the actual cold lengths as compared with the tabulated lengths will 
detect any permanent elongation of the studs. Permanent elongation will indicate 
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TABLE A2.20 "Turning Efforts to Tighten Eight-Pitch-Thread Bolts 


Stress* 
Tensile 30,000 psi 60,000 psi 
Nominal Number stress 
diameter of of threads area Torque Force per Torque Force per 

bolt (in) per inch A, (ft - 1b) bolt (Ib) (ft - Ib) bolt (Ib) 
Vo 13 0.1419 30 4,257 60 8,514 
946 12 0.182 45 4,560 90 10,920 

ys 11 0.226 60 6,780 120 13,560 

9A 10 0.334 100 10,020 200 20,040 

% 9 0.606 160 18,180 320 36,360 

1 8 0.462 245 13,860 490 27,720 
1% 8 0.790 355 23,700 710 47,400 
1% 8 1.000 500 30,000 1,000 60,000 
1% 8 1.233 680 36,990 1,360 73,980 
1% 8 1.492 800 44,760 1,600 89,520 
1% 8 1.78 1,100 53,400 2,200 106,800 
1% 8 2.08 1,500 62,400 3,000 124,800 
1% 8 2.41 2,000 72,300 4,000 144,600 

2 8 2.77 2,200 83,100 4,400 166,200 
24 8 3.56 3,180 106,800 6,360 213,600 
2% 8 4.44 4,400 133,200 8,800 266,400 
2% 8 5.43 5,920 162,900 11,840 325,800 

3 8 6.51 7,720 195,300 15,440 390,600 
3% 8 3569 | sens 230,00 | ..... 461,400 
3% 8 896". |; «x 268800 | ..... 537,600 
3% 8 1034. | puys 310300 | ..... 620,400 

4 8 e A 354300 | ..... 708,600 


* Stress has been calculated on the basis of stressed area A, where A, = 0.7854 (D — 0.9743/N) in 
which D is the nominal bolt diameter and N is threads per inch. 


overstressing, relaxation, and creep. When these conditions become severe, new 
studs may be required to maintain the joint properly. 

Special thread lubricants are available for temperatures both below 500°F (260°C) 
and from 500°F (260°C) to 1000°F (540°C). Such lubricants not only facilitate initial 
tightening but also permit easier disassembly after service. 

Table A2.20 illustrates the turning effort required for tightening well-lubricated 
threads and bearing surfaces. Tests with no lubricant on threads and bearing surfaces 
may increase torque requirements by 75 to 100 percent to secure a given bolt stress. 

For more information on bolted joints, see Chap. A7. 


WELDED AND BRAZED JOINTS 


Welded and brazed joints are the most commonly used methods for joining piping 
components because these joints are stronger and more leak-tight than threaded 
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and flanged joints. Furthermore, they do not add weight to the piping system as 
flanges do, and they do not require an increase in pipe wall thickness to compensate 
for threading, as threaded joints do. 


Pipe-Weld Joint Preparation and Design 


Butt Welds. The most common type of joint employed in the fabrication of welded 
pipe systems is the circumferential butt joint. It is the most satisfactory joint from 
the standpoint of stress distribution. Its general field of application is pipe to pipe, 
pipe to flange, pipe to valve, and pipe to fitting joints. Butt joints may be used for 
all sizes, but fillet-welded joints can often be used to advantage for pipe NPS 2 
(DN 50) and smaller. 

The profile of the weld edge preparations for butt welds may be any configuration 
the welding organization deems suitable for making an acceptable weld. However, 
to standardize the weld edge preparation on butt-welded commercial piping compo- 
nents, standard weld edge preparation profiles have been established in ASME 
B16.25. These weld edge preparation requirements are also incorporated into the 
standards governing the specific components (e.g., B16.9, B16.5, B16.34). Figures 
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FIGURE A2.22 Basic welding bevel for all components (without backing ring, or with split 
ring). 
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FIGURE A2.24 End preparation and backing-ring requirements for critical-service applications 
employing flat or taper-machined solid backing rings. See Table A2.21 for dimensional data. 
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TABLE A2.21 
Critical Applications 


Dimensions for Internal Machining and Backing Rings for Heavy-Wall Pipe in 


OD of backing ring 


Nominal Machined ID 
Schedule Nominal Nominal wall of pipe C Tapered ring DT Straight ring DS 
Nominal no. OD ID thickness +0.010 +0.010 +0.000 
pipe size | — or wall A B t tolerance oog | tolerance ooa | aay 
3 XXS 3.500 2.300 0.600 2.409 2.419 2.409 
4 XXS 4.500 3.152 0.674 3.279 3.289 3.279 
5 160 5.563 4.313 0.625 4.428 4.438 4.428 
XXS 5.563 4.063 0.750 4.209 4.219 4.209 
6 120 6.625 5.501 0.562 5.600 5.610 5.600 
160 6.625 5.187 0.719 5.326 5.336 5.326 
XXS 6.625 4.897 0.864 5.072 5.082 5.072 
8 100 8.625 7.437 0.594 7.546 7.554 7.544 
120 8.625 7.187 0.719 7.326 7.336 7.326 
140 8.625 7.001 0.812 7.163 7.173 7.163 
XXS 8.625 6.875 0.875 7.053 7.063 7.053 
160 8.625 6.813 0.906 6.998 7.008 6.998 
10 80 10.750 9.562 0.594 9.671 9.679 9.669 
100 10.750 9.312 0.719 9.451 9.461 9.451 
120 10.750 9.062 0.844 9.234 9.242 9.232 
140 10.750 8.750 1.000 8.959 8.969 8.959 
160 10.750 8.500 1.125 8.740 8.750 8.740 
12 60 12.750 1.626 0.562 11.725 11.735 11.725 
80 12.750 1.374 0.688 11.507 11.515 11.505 
100 12.750 1.062 0.844 11.234 11.242 11.232 
120 12.750 0.750 1.000 10.959 10.969 10.959 
140 12.750 0.500 1.125 10.740 10.750 10.740 
160 12.750 0.126 1.312 10.413 10.423 10.413 
14 OD 60 14.000 2.812 0.594 12.921 12.929 12.919 
80 14.000 2.500 0.750 12.646 12.656 12.646 
100 14.000 2.124 0.938 12.319 12.327 12.317 
120 14.000 1.812 1.094 12.046 12.054 12.044 
140 14.000 1.500 1.250 11.771 11.781 11.771 
160 14.000 1.188 1.406 11.498 11.508 11.498 
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TABLE A2.21 


Dimensions for Internal Machining and Backing Rings for Heavy-Wall Pipe in 
Critical Applications (Continued) 


OD of backing ring 


Nominal Machined ID 
Schedule Nominal Nominal wall of pipe C Tapered ring DT Straight ring DS 
Nominal no. OD ID thickness +0.010 +0.010 +0.000 
pipe size or wall A B t tolerancë og. | tolerance 0.000 |. | -tolerance caus 
16 OD 60 16.000 4.688 0.656 14.811 14.821 14.811 
80 16.000 4.312 0.844 14.484 14.492 14.482 
100 16.000 3.938 1.031 14.155 14.165 14.155 
120 16.000 3.562 1.219 13.826 13.836 13.826 
140 16.000 3.124 1.438 13.442 13.452 13.442 
160 16.000 2.812 1.594 13.171 13.179 13.169 
18 OD 40 18.000 6.876 0.562 16.975 16.985 16.975 
60 18.000 6.500 0.750 16.646 16.656 16.646 
80 18.000 6.124 0.938 16.319 16.312 16.317 
100 18.000 5.688 1.156 15.936 15.946 15.936 
120 18.000 5.250 1.375 15.553 15.563 15.553 
140 18.000 4.876 1.562 15.225 15.235 15.225 
160 18.000 4.438 1.781 14.842 14.852 14.842 
20 OD 40 20.000 8.812 0.594 18.921 18.929 18.919 
60 20.000 8.376 0.812 18.538 18.548 18.538 
80 20.000 7.938 1.031 18.155 18.165 18.155 
100 20.000 7.438 1.281 17.717 17.727 17.717 
120 20.000 7.000 1.500 17.334 17.344 17.334 
140 20.000 6.500 1.750 16.896 16.906 16.896 
160 20.000 6.062 1.969 16.515 16.523 16.513 
22 OD sald 22.000 20.750 0.625 20.865 20.875 20.865 
60 22.000 20.250 0.875 20.428 20.438 20.428 
80 22.000 9.750 1.125 19.990 20.000 19.990 
100 22.000 9.250 1.375 19.553 19.563 19.553 
120 22.000 8.750 1.625 19.115 19.125 19.115 
140 22.000 8.250 1.875 18.678 18.688 18.678 
160 22.000 7.750 2:125 18.240 18.250 18.240 
24 OD 30 24.000 22.876 0.562 22.975 22.985 22.975 
40 24.000 22.624 0.688 22.157 22.765 22.755 
60 24.000 22.062 0.969 22.265 22.273 22.263 
80 24.000 21.562 1.219 21.826 21.836 21.826 
100 24.000 20.938 1.531 21.280 21.290 21.280 
120 24.000 20.376 1.812 20.788 20.798 20.788 
140 24.000 19.876 2.062 20.350 20.360 20.350 
160 24.000 19.312 2.344 19.859 19.867 19.857 
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A2.22, A2.23, and A2.24 illustrate the various standard weld edge profiles for 
different wall thickness. 

On piping, the end preparation is normally done by machining or grinding. On 
pipe of heavier wall thicknesses, machining is generally done on post mills. On 
carbon and low-alloy steels, oxygen cutting and beveling are also used, particularly 
on pipe of wall thicknesses below Y? in (12 mm). However, the slag should be 
removed by grinding prior to welding. 

Because of fairly broad permissible eccentricity and size tolerances of pipe and 
fittings, considerable mismatch may be encountered on the inside of the piping. 
Limitations on fit-up tolerances are included in several piping codes. For severe 
service applications, internal machining may be required to yield proper fit-up. 
When one is machining the inside diameter, care should be taken to ensure that 
minimum wall requirements are not violated. Table A2.21 lists the counterbore 
dimensions typically specified. 

When piping components of unequal wall thickness are to be welded, care should 
be taken to provide a smooth taper toward the edge of the thicker member. The 
length of the taper desirable is normally 3 times the offset between the components, 
as outlined in ASME Boiler and Pressure Vessel Code Sections-I and II, and 
ASME B21.1, Power Piping Code. The two methods of alignment which are recom- 
mended are shown in Fig. A2.25. 


Tapered one 


side only 
(inside or 
outside) 
(o) (b) 
Preferred method Permissible 
(center lines coincide) (circumferential points only) 


FIGURE A2.25 Recommended welding-end sections 
for pipe, valves, and fittings of unequal thickness. (a) 
Preferred method (centerlines coincide); (b) permissible 
(circumferential points only). 


The wall thickness of cast-steel fittings and valve bodies is normally greater than 
that of the pipe to which they are joined. To provide a gradual transition between 
piping and components, the ASME Boiler and Pressure Vessel Code and the ASME 
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Code for Pressure Piping permit the machining of the cylindrical ends of fittings 
and valve bodies to the nominal wall thickness of the adjoining pipe. However, in 
no case is the thickness of a valve permitted to be less than 0.77t,;, at a distance 
of 1.331,4, from the weld end, where tmin is the minimum valve thickness required 
by ASME B16.34. The machined ends may be extended back in any manner, 
provided that the longitudinal section comes within the maximum slope line indi- 
cated in Fig. A2.25. The transition from the pipe to the fitting or valve end at the 
joint must be such as to avoid sharp reentrant angles and abrupt changes in 
slope. 


End Preparation for Inert-Gas Tungsten-Arc Root-Pass Welding. The pipe end 
bevel preparations shown in Fig. A2.24 are considered adequate for shielded metal- 
arc welding, but they pose some problems in inert-gas tungsten-arc welding. When 
this process is used, extended U or flat-land bevel preparations are considered more 
suitable since the extended land reduces the heat sink, thereby affording better 
weld penetration. The end preparations apply to inert-gas tungsten-arc welding of 
carbon- and low-alloy steel piping, stainless-steel piping, and most nonferrous piping 
materials. On aluminum piping, the flat-land bevel preparations are preferred by 
some fabricators. 


Backing Rings. Backing rings are employed in some piping systems, particularly 
where pipe joints are welded primarily by the shielded metal-arc welding process 
with covered electrodes. For example, a significant number of pipe welds for steam 
power plants and several other applications are made with the use of backing rings. 
On the other hand, in many applications backing rings are not used, since they may 
restrict flow, provide crevices for the entrapment of corrosive substances, enhance 
susceptibility to stress corrosion cracking, or introduce still other objectionable 
features. Thus, there is little, if any, use made of backing rings in most refinery 
piping, radioactive service piping, or chemical process piping. 

The use of backing rings is primarily confined to carbon- and low-alloy steel 
and aluminum piping. Carbon-steel backing rings are generally made of a mild 
carbon steel with a maximum carbon content of 0.20 percent and a maximum sulfur 
content of 0.05 percent. The latter requirement is especially important since high 
sulfur in deposited weld metal (which could be created by an excessive sulfur 
content in such rings) may cause weld cracks. Split backing rings are satisfactory 
for service piping systems. For the more critical service applications involving car- 
bon- and low-alloy steel piping, solid flat or taper-machined backing rings are 
preferred in accordance with the recommendations shown in Pipe Fabrication Insti- 
tute Standard ESI and illustrated in Fig. A2.24 and Table A221. 

When a machined backing ring is desired, it is a general recommendation that 
welding ends be machined on the inside diameter in accordance with the Pipe 
Fabrication Institute standard for the most critical services—and then only when 
pierced seamless pipe that complies with the applicable specifications of the Ameri- 
can Society for Testing and Materials is used. Such critical services include high- 
pressure steam lines between boiler and turbines and high-pressure boiler feed 
discharge lines, as encountered in modern steam power plants. It is also recom- 
mended that the material of the backing ring be compatible with the chemical 
composition of the pipe, valve, fitting, or flange with which it is to be used. Where 
materials of dissimilar composition are being joined, the composition of the backing 
ring may be that of the lower alloy. 

On turned-and-bored and fusion-welded pipe, the design of the backing ring 
and internal machining, if any, should be a matter of agreement between the 
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customer and the fabricator. Regardless of the type of backing rings used, it is 
recommended that the general contour of the welding bevel shown in Fig. A2.24 
be maintained. 

When machining piping for backing rings, the resulting wall thickness should 
be not less than that required for the service pressure. Wherever internal machining 
for machined backing rings is required on pipe and welding fittings in smaller sizes 
and lower schedule numbers than those listed in Table A2.21, weld metal may have 
to be deposited on the inside of the pipe in the area to be machined. This is to 
provide satisfactory contact between the machined surface on the pipe inside and 
the machined backing ring. For such cases, the machining dimension should be a 
matter of agreement between the fabricator and the purchaser. 

Whenever pipe and welding fittings in the sizes and schedule numbers listed in 
Table A2.21 have plus tolerance on the outside diameter, it also may be necessary 
to deposit weld metal on the inside of the pipe or welding fitting in the area to be 
machined. In such cases, sufficient weld metal should be deposited to result in an 
ID not greater than the nominal ID given in Table A2.21 for the particular pipe 
size and wall thickness involved. 

Experience indicates that machining to dimension C for the pipe size and sched- 
ule number listed in Table A2.21 generally will result in a satisfactory seat contact 
of 7/32 in (5.5 mm) minimum (approximately 75 percent minimum length of contact) 
between pipe and the 10? backing ring. Occasionally, however, it will be necessary 
to deposit weld metal on the inside diameter of the pipe or welding fitting in order 
to provide sufficient material for machining a satisfactory seat. 

In welding butt joints with backing rings, care should be exercised to ensure 
good fusion of the first weld pass into the backing ring in order to avoid lack of 
weld penetration or other types of stress-raising notches. 


Consumable Insert Rings.. 'The chemical composition of a piping base metal is 
established primarily to provide it with certain mechanical, physical, or corrosion 
resisting properties. Weldability characteristics, if considered at all, are of secondary 
concern. On the other hand, the chemical composition of most welding filler metals 
is determined with primary emphasis on producing a sound, high-quality weld. The 
steelmaking process employed in the manufacture of welding filler metals permits 
closer control of the composition range, which is usually considerably narrower 
than would be practical for the piping base metal where much larger tonnages of 
steel are involved. On some base metals, the welding together by fusion of only 
the base-metal compositions may lead to such welding difficulties as cracking or 
porosity. The addition of filler metal tends to improve weld quality. However, in 
inert-gas tungsten-arc welding, the addition of welding filler metal from a separate 
wire, which the welder feeds with one hand while manipulating the tungsten-arc 
torch with the other, is a cumbersome process and interferes with welding ease. 
The welder may leave areas with lack of penetration, which generally are considered 
unacceptable as can be seen, e.g., in the rules of the ASME Boiler and Pressure 
Vessel Code. Since some types of serious weld defects are detected only with 
difficulty during inspection (if they are detected at all), it is extremely important 
to provide the easiest welding conditions for the welder to produce quality welds. 
One technique to produce high-quality welds is to employ consumable insert rings 
of proper composition and dimensions. Consumable insert rings which are available 
commercially are shown in Fig. A2.26. The three primary functions of consumable 
insert rings are to (1) provide the easiest welding conditions and thereby minimize 
the effects of undesirable welding variables caused by the “human” element, (2) 
give the most favorable weld contour to resist cracking resulting from weld-metal 
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shrinkage and hot shortness, or brittle- Closs 2 - 
ness, in hot metal, and (3) produce nverted T shoped J shaped 
metallurgically the soundest possible w w 
weld-metal composition of desirable * Fu i 7l i 
strength, ductility, and toughness prop- H H 
erties. 

The best welding conditions are ob- p oF 
tained where the flat-land and extended 
U-bevel preparations are used. These 
joint preparations are particularly help- D 
ful where welding is done in the hori- 
zontal fixed pipe position (5G), since 
they ensure a flat or slightly convex root 
contour and provide by far the greatest 
resistance to weld cracking in those 
alloys particularly susceptible to mi- 
crofissuring. 

The weld-root contour conditions to 


Class | - 


UN 


Class 3 - 
rectongulor shaped 


Identification 


"* 
be expected from different bevel prepa- EN 3/16" E peas 
rations and consumable insert rings are CAD (Style D) 
illustrated in Fig. A2.27. Where sink is e" £ 0.005 
not acceptable, it is considered obliga- (Style E) 


the special flat-land or extended U-bevel 
preparation. In horizontal-rolled (IG) 
and vertical-position (2G) welding, the 


tory to use consumable insert rings with | 


FIGURE A2.26 Commercial consumable in- 


insert ring should be placed concentri- 
cally into the beveled pipe. 

In horizontal fixed-position (5G) 
welding, the insert ring should be placed 


sert rings used in pipe welding (MIL-I-23413). 
Style D: for NPS 2 and larger. On Schedule 5 
for NPS 5 and larger; style E: for NPS less than 
2. On Schedule 5 for NPS less than 5. 


eccentric to the centerline of the pipe 

(as shown in Fig. A2.28). In this position, 

the insert ring compensates for the 

downward sag of the molten weld metal and aids in obtaining smooth, uniform 
root contour along the inner diameter and the joint. 


Fillet Welds 


Circumferential fillet-welded joints are generally used for joining pipe to socket 
joints in sizes NPS 2 (DN 50) and smaller. Figure A2.29 illustrates three typical 
fillet-welded joints. These types of welds are subjected to shearing and bending 
stresses, and adequate penetration of the pieces being joined is essential. This is 
particularly important with the socket joint, since the danger of washing down the 
end of the hub may obscure, by reason of fair appearance, the lack of a full and 
sound fillet weld. This condition is one which cannot be detected in the finished 
weld by the usual visual inspection. Additionally, a 1/16-in (1.5-mm) gap (before 
welding) must be maintained between the pipe end and the base of the fitting to 
allow for differential expansion of the mating elements. 

There are service applications in which socket welds are not acceptable. Piping 
systems involving nuclear or radioactive service or corrosive service with solutions 
which promote stress corrosion cracking or concentration cell action generally 
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Consumable Inside pipe contour 


Weldin f E 
3 insert Position 


conditions 


ring 


"Flat-land" 
bevel 


FIGURE A2.27 Root-contour conditions which can be expected as the result of normal pipe 
welding with the gas tungsten-arc welding process. In 5G (horizontal-fixed) position welding the 
insert ring is positioned eccentric to the centerline of the pipe, as illustrated in Fig. A2.28. 
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require butt welds in all pipe sizes with 
complete weld penetration to the inside 
of the piping. 


Brazed Joints 


Lap or shear-type joints generally are 
necessary to provide capillary attraction 
for brazing of connecting pipe. Square- 
groove butt joints may be brazed, but 
the results are unreliable unless the ends 
of the pipe or tube are accurately pre- 
pared, plane and square, and the joint 
is aligned carefully, as in a jig. High 
strengths may be obtained with butt 
joints if they are properly prepared and 
brazed. However, owing to the brittle- 
ness of the brazing alloy, they are not 
normally applicable. 

The alloys generally used in brazing 
exhibit their greatest strength when the 
thickness of the alloy in the lap area is 
minimal. Thin alloy sections also de- 
velop the highest ductility. For brazing 
ferrous and nonferrous piping with sil- 
ver- and copper-base brazing alloys, the 
thickness of the brazing alloy in the joint 
generally should not be more than 0.006 
in (0.15 mm) and preferably not more 
than 0.004 in (0.1 mm). Thicknesses less 
than 0.003 in (0.07 mm) may make as- 
sembly difficult, while those greater than 
0.006 in (0.15 mm) tend to produce joints 
having lowered strength. The brazing of 
certain aluminum alloys is similar in 
most respects to the brazing of other 
materials. However, joint clearances 
should be greater because of a somewhat 
more sluggish flow of the brazing alloys. 
For aluminum, a clearance of 0.005 to 
0.010 in (0.12 to 0.25 mm) will be found 
satisfactory. Care must be exercised in 
fiting dissimilar metals, since the joint 
clearance at brazing temperature is the 
controlling factor. In these cases, consid- 
eration must be given to the relative 
expansion rates of the materials being 
joined. 

The length of lap in a joint, the shear 
strength of the brazing alloy, and the 
average percentage of the brazing sur- 
face area that normally bonds are the 
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FIGURE A228 Eccentric insertion of con- 
sumable insert ring in pipe welded in the fixed 
horizontal pipe position. 
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FIGURE A2.29 Examples of typical fillet- 
welded joints. 
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TABLE A2.22 Standard Dimensions of Bell-and-Spigot Joints for Pipe Centrifugally Cast in 
Metal Molds 


AB laying length 
Weight (approx) (Ib) Joint 
OD Diameter | Depth compound, Lead 
Nominal of of of Barrel 18-ft (Ib per Jute (Ib per 
pipe Thickness | Thickness | pipe socket socket per laying 2Vo-in (Ib per | 2%-in 
size Class designation of pipe A B D foot | Bell | length* depth) joint) | depth) 
3 Through 350 22 0.32 3.96 4.76 3.30 11.4 11 215 
4 Through 350 22 0.35 4.80 5.60 3.30 15.3 14 290 2.00 0.21 8.00 
6 Through 350 22 0.38 6.90 7.70 3.88 24.3 25 460 3.00 0.31 11.25 
8 Through 350 22 0.41 9.05 9.85 4.38 34.7 41 665 4.00 0.44 14.50 
10 Through 250 22 0.44 11.10 11.90 4.38 46.0 54 880 
300 23 0.48 11.10 11.90 4.38 50.0 54 955 5.00 0.53 17.50 
350 24 0.52 11.10 11.90 4.38 53.9 54 1025 
12 Through 200 22 0.48 13.20 14.00 4.38 59.8 66 1140 
250, 300 23 0.52 13.20 14.00 4.38 64.6 66 1230 6.00 0.61 20.50 
350 24 0.56 13.20 14.00 4.38 69.4 66 1315 
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TABLE A2.22 Standard Dimensions of Bell-and-Spigot Joints for Pipe Centrifugally Cast in 
Metal Molds (Continued) 


Weight (approx) (Ib) Joint 
OD | Diameter | Depth compound, Lead 
Nominal of of of Barrel 18-ft (Ib per Jute (Ib per 
pipe Thickness | Thickness | pipe socket socket per laying 2¥-in (Ib per | 2%-in 
size Class designation of pipe A B D foot | Bell | length* depth) joint) | depth) 
14 50 21 0.48 15.30 16.10 4.50 69.7 78 1335 
100 22 0.51 15.30 16.10 4.50 73.9 78 1410 
150 22 0.51 15.30 16.10 4.50 73.9 78 1410 7.00 0.81 24.00 
200 23 0.55 15.30 16.10 4.50 79.5 78 1510 
250, 300 24 0.59 15.30 16.10 4.50 85.1 78 1610 
350 25 0.64 15.30 16.10 4.50 92.0 78 1735 
16 50, 100 22 0.54 17.40 18.40 4.50 892 96 1700 
150 22 0.54 17.40 18.40 4.50 892 96 1700 
200 23 0.58 17.40 18.40 4.50 95.6 96 1815 825 0.94 33.00 
250 24 0.63 17.40 18.40 4.50 103.6 96 1960 
300, 350 25 0.68 17.40 18.40 4.50 111.4 96 2100 
18 50 21 0.54 19.50 20.50 4.50 100.4 | 114 1920 
100 22 0.58 19.50 20.50 4.50 107.6 | 114 2050 
150 22 0.58 19.50 20.50 4.50 107.6 | 114 2050 
200 23 0.63 19.50 20.50 4.50 116.5 114 2210 9.25 1.00 36.90 
250 24 0.68 19.50 20.50 4.50 125.4 | 114 2370 
300 25 0.73 19.50 20.50 4.50 134.3 114 2530 
350 26 0.79 19.50 20.50 4.50 144.9 | 114 2720 
20 50 21 0.57 21.60 22.60 4.50 117.5 133 2250 
100 22 0.62 21.60 22.60 4.50 127.5 133 2430 
150 22 0.62 21.60 22.60 4.50 127.5 133 2430 
200 23 0.67 21.60 22.60 4.50 137.5 133 2610 10.50 1.25 40.50 
250 24 0.72 21.60 22.60 4.50 147.4 | 133 2785 
300 25 0.78 21.60 22.60 4.50 1592 | 133 3000 
350 26 0.84 21.60 22.60 4.50 170.9 | 133 3210 
24 50 21 0.63 25.80 26.80 4.50 155.4 | 179 2975 
100 22 0.68 25.80 26.80 4.50 1674 | 179 3190 
150 23 0.73 25.80 26.80 4.50 179.4 | 179 3410 13.00 1.50 52.50 
200, 250 24 0.79 25.80 26.80 4.50 193.7 | 179 3665 
300 25 0.85 25.80 26.80 4.50 207.9 | 179 3920 
350 26 0.92 25.80 26.80 4.50 2244 | 179 4220 


* Includ 


es weight of bell. 


TABLE A2.23 Standard Dimensions of Mechanical (Gland-Type) Joints (ANSI/AWWA C111/A21.11-1985) 


(_ EZA 


NG 


ZZ 
HEC 


Ko oJ D C F A Ky 
Kj$ S* 
Nom- Cen- | Pit cast Cen- | Pit cast 
inal At trif- pipe trif- pipe Bolts] 
pipe Plain o ugal and ugal and 
size end B C D F deg Xt J pipe | fittings | K.§ L M N O P pipe | fittings | Y | No | Size | Length 
2 +0.05 2.50 | +0.05 +0.05 +0.05 28° | +0.06 —0.0 | +0.05 | —0.05 | —0.10 | —0.10 | —0.05 | —0.05 | 0.50 | 0.31 | 0.63 | —0.05 | —0.07 | 0.08 2 ys 2% 
2.50 3.39 3.50 2.61 94 4.75 6.00 6.25 6.25 0.75 0.62 0.37 0.44 
2% | +0.05 2.50 | +0.05 +0.05 +0.05 28° | +0.06 —0.0 | +0.05 | —0.05 —0.10 | —0.10 | —0.05 | —0.03 | 0.50 | 0.31 | 0.63 | —0.05 —0.07 | 0.08 2 ys 2% 
2.75 3.64 3.75 2.86 94 5.00 6.25 6.50 6.50 0.75 0.62 0.37 0.44 
3 +0.06 2.50 | +0.04 +0.06 —0.04 | +0.07 —0.03 | 28° | +0.06 —0.0 | +0.06 | —0.06 | —0.12 | —0.12 | —0.06 | —0.06 | 0.75 | 0.31 | 0.63 | —0.05 —0.10 | 0.12 | 4 ys 3 
3.96 4.84 4.94 4.06 94 6.19 7.62 7.69 7.69 0.94 0.62 0.47 0.52 
4 +0.06 2.50 | +0.04 +0.06 —0.04 | +0.07 —0.03 | 28° | +0.06 —0.0 | +0.06 | —0.06 | —0.12 | —0.12 | —0.06 | —0.06 | 0.75 | 0.31 | 0.75 | —0.05 —0.10 | 0.12 | 4 9 DA 
4.80 5.92 6.02 4.90 78 7.50 9.06 9:12. 9.12 1.00 0.75 0.55 0.65 
6 +0.06 2.50 | +0.04 +0.06 —0.04 | +0.07 —0.03 | 28° | +0.06 —0.0 | +0.06 | —0.06 | —0.12 | —0.12 | —0.06 | —0.06 | 0.75 | 0.31 | 0.75 | —0.05 —0.10 | 0.12 6 9 3% 
6.90 8.02 8.12 7.00 78 9.50 | 11.06 11.12 11.12 1.06 0.88 0.60 0.70 
8 +0.06 2.50 | +0.04 +0.06 —0.04 | +0.07 —0.03 | 28° | +0.06 —0.0 | +0.06 | —0.06 | —0.12 | —0.12 | —0.08 | —0.08 | 0.75 | 0.31 | 0.75 | —0.05 —0.12 | 0.12 6 98 4 
9.05 10.17 10.27 9.15 78 | 11.75 | 13.31 13.37 13.37 1.12 1.00 0.66 0.75 


TABLE A2.23 Standard Dimensions of Mechanical (Gland-Type) Joints (ANSUAWWA C111/A21.11-1985) (Continued) 


K$ S* 

Nom- Cen- | Pit cast Cen- | Pit cast 

inal At trif- pipe trif- pipe Boltsi 

pipe Plain o ugal and ugal and 

size end B © D F deg Xt J pipe | fittings | 8 L M N O P pipe | fittings | Y | No | Size | Length 

10 +0.06 2.50 | +0.06 —0.04 | +0.06 —0.04 | +0.07 —0.03 | 28° | +0.06 —0.0 | +0.06 | —0.06 —0.12 | —0.12 | —0.08 | —0.08 | 0.75 | 0.31 | 0.75 | —0.06 —0.12 | 0.12 8 % 4 
1.10 12.22 2.34 11.20 % | 14.00! 15.62 15.69 | 15.62 19 1.00 0.72 0.80 

12 +0.06 2.50 | +0.06 —0.04 | +0.06 —0.04 | +0.07 —0.03 | 28° | +0.06 —0.0 | +0.06 | —0.06 | —0.12 | —0.12 | —0.08 | —0.08 | 0.75 | 0.31 | 0.75 | —0.06 —0.12 | 0.12 8 Ya 4 
3.20 14.32 4.44 13.30 % | 1625 | 17.88 17.94 | 17.88 :25 1.00 0.79 0.85 


14 +0.05 —0.08 | 3.50 | +0.07 —0.05 | +0.07 —0.05 | +0.06 —0.07 | 28° | +0.06 —0.0 | +0.06 | —0.08 | —012 | —0.12 | —0.12 | —0.12 | 0.75 | 0.31 | 0.75 | —0.08 —0.12 | 0.12 | 10 Ya 4 
5.30 16.40 6.54 15.44 % | 18.75 | 2025 20.31 | 20.25 wai 125 


16 +0.05 —0.08 | 3.50 | +0.07 —0.05 | +0.07 —0.05 | +0.06 —0.07 | 28° | +0.06 —0.0 | +0.06 | —0.08 | —0.12 | —0.12 | —0.12 | —0.12 | 0.75 | 0.31 | 0.75 | —0.08 —0.12 | 0.12 | 12 Ya 4Vo 
7.40 18.50 8.64 17.54 % | 21.00 | 22.50} 22.56 | 22.50 38 1.31 0.91 0.97 


18 +0.05 —0.08 | 3.50 | +0.07 —0.05 | +0.07 —0.05 | +0.06 —0.07 | 28° | +0.06 —0.0 | +0.06 | —0.08 | —0.15 | —0.15 | -0.12 | —0.12 | 0.75 | 0.31 | 0.75 | —0.08 —0.15 | 0.12 | 12 Ya 4Vo 
9.50 20.60 20.74 19.64 % | 2325 | 24.75 2483 | 24.75 44 1.38 0.97 .05 


20 +0.05 —0.08 | 3.50 | +0.07 —0.05 | +0.07 —0.05 | +0.06 —0.07 | 28° | +0.06 —0.0| £0.06 | —0.08 | —0.15 | —0.15 | -0.12 | —0.12 | 0.75 | 0.31 | 0.75 | —0.08 —0.15 | 0.12 | 14 Ya 4% 
21.60 22.70 22.84 21.74 % | 25.50 | 27.00 | 27.08 | 27.00 50 1.44 1.03 42: 


24 +0.05 —0.08 | 3.50 | +0.07 —0.05 | +0.07 —0.05 | +0.06 —0.07 | 28° | +0.06 —0.0 | +0.06 | —0.08 | —0.15 | —0.15 | -0.12 | —0.12 | 0.75 | 0.31 | 0.75 | —0.08 —0.15 | 0.12 | 16 Ya 5 


25.80 26.90 27.04 25.94 % | 30.00 | 31.50 | 3158 | 31.50 .62 1.56 1.08 22 

30 +0.08 —0.06 | 4.00 | +0.08 —0.06 | +0.08 —0.06 | +0.08 —0.06 | 20° | +0.06 —0.0 | +0.06 | —0.12 | —0.18 | —0.18 | —0.12 | —0.12 | 0.75 | 0.38 | 1.00 | —0.10 —0.15 | 0.12 | 20 | 1 6 
32.00 33.29 33.46 32.7 1% | 36.88 | 39.12 | 39.12 | 39.12 81 2.00 1.20 50 

36 +0.08 —0.06 | 4.00 | +0.08 —0.06 | +0.08 —0.06 | +0.08 —0.06 | 20° | +0.06 —0.0 | +0.06 | —0.12 | —0.18 | —0.18 | —0.12 | —0.12 | 0.75 | 0.38 | 1.00 | —0.10 —0.15 | 0.12 | 24 | 1 6 
38.30 39.59 39.76 38.47 1% | 43.75 | 46.00 | 46.00 | 46.00 2.00 2.00 1.35 .80 


42 +0.08 —0.06 | 4.00 | +0.08 —0.06 | +0.08 —0.06 | +0.08 —0.06 | 20° | +0.06 —0.0| +0.06 | —0.12 | —0.18 | —0.18 | —0.12 | —0.12 | 0.75 | 0.38 | 1.00 | —0.10 —0.15 | 0.12 | 28 | 1% 6 
44.50 45.79 45.96 44.67 1% | 50.62 | 53.12 | 5312 | 53.12 2.00 2.00 1.48 95 


48 +0.08 —0.06 | 4.00 | +0.08 —0.06 | +0.08 —0.06 | +0.08 —0.06 | 20° | +0.06 —0.0 | +0.06 | —0.12 | —018 | —0.18 | —0.12 | —0.12 | 0.75 | 0.38 | 1.00 | —0.10 —0.15 | 0.12 | 32 | 1% 6 
50.80 52.09 52.26 50.97 1% | 57.50 | 60.00 | 60.00 | 60.00 2.00 2.00 1.61 2.20 


* The thickness of the bell S shall in all instances be equal to, and generally exceed by at least 10 percent, the 
nominal wall thickness of the pipe or fitting of which it is a part. 

+ Cored holes may be tapered an additional 0.06 in in diameter. 

+ In the event of ovalness of the plain end outside diameter, the mean diameter measured by a circumferential 
tape shall not be less than the minimum diameter shown in the table. The minor acis shall not be less than the above 
minimum diameter plus an additional minus tolerance of 0.04 in for NPS 8-12, 0.07 in for NPS 14—24, and 0.10 in for 
NPS 30-48. 

§ K, and K, are the dimensions across the bolt holes. For sizes 2 and 2% in, both flange and gland may be oval 
shaped. For NSP 3-48, the gland may be polygon shaped. 

{ Mechanical joints require the use of specially designed bolts. See ANSI/AWWA CI111/A21.11-1985. 
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principal factors determining the strength of brazed joints. The shear strength may 
be calculated by multiplying the width by the length of lap by the percentages of 
bond area and by taking into consideration the shear strength of the alloy used. 
An empirical method of determining the lap distance is to take it as twice the 
thickness of the thinner or weaker member joined. Normally this will provide 
adequate strength, but in cases of doubt, the fundamental calculations should be em- 
ployed. 

Such detailed determinations are generally unnecessary for brazed piping, since 
commercial brazing fittings are available in which the length of lap is predetermined 
at a safe value. For brass and copper pipe, cast or wrought bronze and wrought 
copper fittings are available. A bore of correct depth to accept the pipe is provided, 
and midway down this bore may be a groove into which, at the time of manufacture, 
a ring of brazing alloy is inserted. Since the alloy is preplaced in fittings with such 
a groove, separate feeding of brazing alloy by hand is generally unnecessary. 


JOINING DUCTILE OR CAST-IRON PIPE 


Bell-and-Spigot Joint 


This joint for underground cast-iron pipe was developed as long ago as 1785. 
Standard dimensions are shown in Table A2.22. 

The joint may be made up with lead and oakum, sulfur compounds, or cement. 
Lead and oakum constitute the prevailing joint sealer for sanitary systems. Bell- 
and-spigot joints are usually reserved for sanitary sewer systems. These joints are 
not used in ductile iron pipe. 


Mechanical (Gland-Type) Joint 


This modification of the bell-and-spigot joints, as designated in Federal Specification 
WW-P-421 and ANSI/AWWA C111/A21.11, is illustrated in Table A2.23. This 
joint is commonly used for low and intermediate-pressure gas distribution 
systems, particularly those conveying natural gas or dry manufactured gas. 
Mechanical joints are also used for water lines, sewage, and process piping. In the 
mechanical (gland-type) joint shown in Fig. A2.30, the lead and oakum of 
the conventional bell-and-spigot joint are supplanted by a stuffing box 
in which a rubber or composition pack- 
ing ring, with or without a metal or can- 
vas tip or canvas backing, is compressed 
by a ductile cast-iron follower ring drawn 
up with bolts. In addition to making an 
inherently tight joint even under consid- 
erable pressure, this arrangement has 
the advantage of permitting relatively 
large lateral deflections (3/5? to 7°), as 
well as longitudinal expansion or con- 
traction. For more details, refer to 
AWWA C600, Standard for Installation 
of Ductile-Iron Water Mains and Their FIGURE A2.30 Mechanical (gland-type) joint 
Appurtenances. for cast-iron pipe. 
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Tyton Joint 


The Tyton joint is designed to contain an elongated grooved gasket. The inside 
contour of the socket bell provides a seat for the circular rubber in a modified bulb- 
shaped gasket. An internal ridge in the socket fits into the groove of the gasket. 
A slight taper on the plain end of the pipe facilitates assembly. 

Standard dimensions are given in Table A2.24. The maximum joint deflection 
angle is 5? for sizes through NPS 12 (DN 300), 4? for NPS 14 (DN 350) and NPS 
16 (DN 400), and 3? for NPS 18 (DN 450), NPS 20 (DN 500), and NPS 24 (DN 
600). Either all-bell U.S. standardized mechanical joint fittings or bell-and-spigot 
all-bell fittings with poured or cement joints can be used with Tyton joint pipe. 


Mechanical Lock-Type Joint 


For installations where the joints may tend to come apart owing to sag or lateral 
thrust in the pipeline, a mechanical joint having a self-locking feature is used to 
resist end pull. This joint is similar to the gland-type mechanical joint except that 
in the locked joint the spigot end of the pipe is grooved or has a recess to grip the 
gasket. Although only slight expansion or contraction can be accommodated in this 
type of joint, it does allow the usual 3v? to 7° angular deflection. The lock-type 
joint finds application aboveground in the process industries and in river crossings 
on bridges or trestles, as well as in submarine crossings or in unusually loose or 
known marshy soils. Where the locking feature is on the spigot rather than on the 
bell, this type of pipe can be used with the regular line of mechanical joint fittings. 


Mechanical Push-On-Type Joint 


Where a low-cost mechanical joint is desired, the roll-on type can be used. In this 
joint, a round rubber gasket is placed over the spigot end and is pulled into the 
bell by mechanical means, thus pulling the ring into place in the bottom of the bell. 
Outside the rubber gasket, braided jute is wedged behind a projecting ridge in the 
bell. This serves to confine the gasket under pressure in the joint. A bituminous 
compound is used to seal the mouth of the bell and to aid in retaining the hemp 
and the rubber gasket. Either bell-and-spigot or mechanical (gland-type) fittings 
are used with this line of pipe. Push-on joints are made in accordance with ANSI/ 
AWWA C111/A21.11. 


Mechanical Screw-Gland-Type Joint 


This type of mechanical joint for cast-iron pipe makes use of a coarse-threaded 
screw gland drawn up by means of a spanner wrench to compress a standard rubber 
or composition packing gasket. The joint allows from 2° to 7° angular deflection, 
as well as expansion or contraction without danger of leaks. A lead ring, inserted 
in the bell ahead of the gasket, seals off the contents of the line from the gasket. 
The ring also provides an electric circuit through the joint for thawing out frozen 
underground mains and service lines by the electrical method. The screw-gland 
joint is used in piping which conveys water, gas, oil, and other fluids at considerable 
pressure. The gaskets and lead rings are interchangeable with those used in equiva- 
lent lines of mechanical joints of the bolted-gland type. A full line of fittings is 
available for use with screw-gland pipe. 


TABLE A2.24 Standard Dimensions of Tyton Joints 


ii INN 
D Pona) " 
BA aying leng 
OD | OD | Depth Weight (approx) (Ib) 
Nominal Thickness of of of 
pipe Thickness of pipe, pipe | bell | socket | Barrel 18-ft 
size Class designation in A B D per foot | Bell | length* 
3 Through 350 22 0.32 3.96 | 6.08 | 3.00 114 11 215 
4 Through 350 22 0.35 4.80 | 7.22 | 3.15 15.3 14 290 
6 Through 350 22 0.38 6.90 | 9.7 | 338 24.3 25 460 
8 Through 350 22 0.41 9.05 | 12.00 | 3.69 34.7 41 665 
10 Through 250 22 0.44 11.10 | 14.20 | 3.75 46.0 54 880 
300 23 0.48 50.0 955 
350 24 0.52 53.9 1025 
12 Through 200 22 0.48 13.20 | 16.35 | 3.75 59.8 66 1140 
250, 300 23 0.52 64.6 1230 
350 24 0.56 69.4 1315 
14 50 21 0.48 15.30 | 19.15 | 5.00 69.7 78 1335 
100, 150 22 0.51 73.9 1410 
200 23 0.55 79.5 1510 
250, 300 24 0.59 85.1 1610 
350 25 0.64 92.0 1735 
16 Through 150 22 0.54 17.40 | 21.36 | 5.00 89.2 96 1700 
200 23 0.58 95.6 1815 
250 24 0.63 103.6 1960 
300, 350 25 0.68 1114 2100 
18 50 21 0.54 19.50 | 23.56 | 5.00 100.4 114 1920 
100, 150 22 0.58 107.6 2050 
200 23 0.63 116.5 2210 
250 24 0.68 125.4 2370 
300 25 0.73 134.3 2530 
350 26 0.79 144.9 2720 
20 50 21 0.57 21.60 | 25.80 | 5.00 117.5 133 2250 
100, 150 22 0.62 127.5 2430 
200 23 0.67 137.5 2610 
250 24 0.72 1474 2785 
300 25 0.78 159.2 3000 
350 26 0.84 170.9 3210 
24 50 21 0.63 25.80 | 30.32 | 5.00 155.4 179 2975 
100 22 0.68 167.4 3190 
150 23 0.73 179.4 3410 
200, 250 24 0.79 193.7 3665 
300 25 0.85 207.9 3920 
350 26 0.92 2244 4220 


* Includes weight of bell. 


PIPING COMPONENTS A.117 


Ball-and-Socket Joints — 
For river crossings, submarine lines, or T 
other places where great flexibility is 
necessary, ductile cast-iron pipe can be 
obtained with ball-and-socket joints of 
the mechanical-gland types, as shown in 
Fig. A2.31. Provision is made for longitu- 
dinal expansion and contraction, and a 
positive stop against disengagement of FIGURE A2.31 Balland-socket mechanical 
the joint is a feature of the design. As joint for cast-iron pipe. 

much as 15? angular deflection can be 

accommodated without leakage. This 

pipe is heavy enough to remain underwater where laid without requiring river 
clamps or anchorage devices. The pipe may be pulled across streams with a cable, 
since the joints are positively locked against separating, or it may be laid directly 
from a barge, bridge, or pontoons, without the services of a diver. The mechanical 
ball-and-socket joint is suitable for use with water, sewage, air, gas, oil, and other 
fluids at considerable pressure. Either bell-and-spigot or mechanical (gland-type) 
fittings can be used with this line of pipe, although the integral ball present on the 
spigot end of some designs has to be cut off before the pipe can be inserted in a 
regular bell. 


Universal Pipe Joints 


This type of cast-iron pipe joint (shown 
in Fig. A2.32) has a machined taper seat 
which obviates the need for caulking or 
for a compression gasket. The joint is 
pulled up snugly with two bolts, after - 7 
which the nuts are backed off slightly, a — E oee ad 
thus enabling the lock washers to give 

enough to avoid overstressing the socket FIGURE A2.32 Universal cast-iron pipe joint. 
or lugs. Pipe is made in 12- to 20-ft (3.5- 

to 6-m) lengths to the usual pressure 

classes and can be bought as Type III under Federal Specification WW-P-421. 
Universal-joint fittings are available for use with the pipe. This type of joint is used 
to some extent in pipe diameters of NPS 4 (DN 100) to NPS 24 (DN 600) for 
underground water supply systems; but it is not considered suitable for gas service, 
and it does not permit much angular displacement or expansive movement. 


Compression-Sleeve Coupling 


The type of joint shown in Fig. A2.33 is used with plain-end pipe of either cast 
iron or steel. It is widely known under the trade names of Dresser coupling and 
Dayton coupling. Compression sleeve couplings are used extensively for air, gas, 
oil, water, and other services above- or underground. With a joint of this type, it 
is necessary to anchor or brace solidly at dead ends or turns to prevent the line 
from pulling apart. Compression couplings and fittings with screwed packing glands 
are available for use with small-size cast-iron or steel pipe. In welded transmission 
lines for oil or gas where any significant change in temperature is expected, a certain 
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FIGURE A2.33 Compression sleeve (Dresser) coupling for plain-end 
cast-iron or steel pipe. 


percentage of the joints may be made up with compression couplings instead of 
welding in order to allow for expansion. 


Grooved Segmented-Ring Coupling 


The type of split coupling shown in Fig. A2.34 is used with either ductile cast-iron 
or steel pipe that has grooves near the ends which enable the coupling to grip the 
pipe, in order to prevent disengagement ofthe joint. The couplings are manufactured 
in a minimum of two segments for small pipe sizes and several segments for large 
pipe sizes. Grooved-end fittings are available for use with the couplings. With proper 


FIGURE  A2.34 Victualic coupling for FIGURE A2.35 Screwed-on cast-iron flange. 
grooved-end cast-iron or steel pipe. 
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FIGURE A2.36  High-hub cast-iron flanges with bitumas- 
tic to protect the exposed threads. 


choice of gasket material, the joint is suitable for use above- or underground with 
nearly any fluid or gas. The joint's advantages are its 


* Ability to absorb minor angular and axial deflections 
* Ability to increase gasket sealing force with increased system pressure 


Refer to AWWA C.606, Standard for Grooved and Shouldered Joints. 


TABLE A2.25 Standard Dimensions of Class 125 Flanged Joints for Silver Brazing with 
Centrifugally Cast Pipe 


Pipe Flanges 
Nominal Bolts 
pipe Outside Outside | Thickness* | Bolt Weight 
size diameter A | diameter C D circle E | each (Ib) | Number | Diameter 
2 2.50 6 9A 4% 4 4 96 
3 3.96 T2 1 6 i 4 98 
4 4.80 9 1% Tr 13 8 96 
6 6.90 11 11⁄4 912 17 8 Ya 
8 9.05 13% 1% 11% 27 8 Ya 
10 11.10 16 1% 14% 38 12 76 
12 13.20 19 1% 17 58 12 76 


* Thickness D is slightly heavier than for standard cast-iron flanges in ASME B16.1-1989. 
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* Simplicity for rapid erection or dismantling for systems requiring frequent disas- 
sembly. 


The coupling is also available in a style where grooving of the pipe ends is not 
required. Joint separation is prevented by the use of hardened steel inserts (teeth) 
which grab the mating pipe ends. 


Flanged Joints 


Flanged ductile or cast-iron pipe is used aboveground for low and intermediate 
pressures in water-pumping stations, gas works, power and industrial plants, oil 
refineries, booster stations for water, and gas and oil transmission lines. Cast iron 
flanges usually are faced and drilled according to ASME B16.1. For flanged joints 
in a ductile iron pipe, refer to ASME B16.42, ANSI/AWWA C110/A21.10, C111/ 
A21.11, C115/A21.15, and C153/A21.53. Cast-iron pipe is made both with integrally 
cast flanges and with threaded companion flanges for screwing onto the pipe (as 
shown in Figs. A2.35 and A2.36). In the latter case, the outside diameter of the 
pipe conforms to iron pipe size (IPS) dimensions to allow for the threads provided. 
It is available in sizes NPS 3 (DN 50) through NPS 24 (DN 600) and in length to 
18 ft (5.5 m). For lengths less than 3 ft (1 m), in sizes NPS 3 (DN 50) through NPS 
12 (DN 300), the flanges may be cast integrally with the pipe, rather than screwed 
on the pipe, at the manufacturer’s option. 

Standard dimensions of flanged joints for silver brazing are shown in Table A2.25. 


CONCRETE, CEMENT, AND CEMENT-LINED PIPE 


Nonreinforced Concrete Pipe 


Nonreinforced concrete pipe for the conveyance of sewage, industrial waste, and 
storm water is made in sizes from NPS 4 to NPS 36 (DN 100 to DN 900). It is 
produced in accordance with ASTM Specification C14, Standard Specifications for 
Concrete Sewer Storm Drain and Culvert Pipe. 

Nonreinforced-concrete drain tile is used for land drainage and for subsurface 
drainage of highways, railroads, airports, and buildings. It is made in sizes from 
NPS 4 through 36 (DN 100 through 900) in accordance with ASTM Specification 
C412, Standard Specification for Concrete Drain Tile, and AASHO M178, Standard 
Specification for Concrete Drain Tile. Drain tile is available in the standard quality, 
extra-quality, and special-quality classifications. 

Perforated concrete pipe used for under-drainage is made in accordance with 
ASTM Specification C444, Specifications for Perforated Concrete Pipe. This pipe 
is also made in sizes NPS 4 through 36 (DN 100 through 900) and is available in 
the standard-strength and extra-strength classification. 

Concrete irrigation pipe, used for the conveyance of irrigation water under low 
hydrostatic heads and for land drainage, is made in sizes NPS 4 through 24 (DN 
100 through 600) in accordance with ASTM Specification C118, Standard Specifica- 
tions for Concrete Pipe for Irrigation or Drainage. 

Nonreinforced-concrete irrigation pipe for use with rubber-type gasket joints is 
made for conveyance of irrigation water at water pressures of 1 bar (35 ft of head) 
or higher depending on the diameter. Such pipe is made in sizes NPS 6 through 
24 (DN 100 through 600) in accordance with ASTM Specification C505, Specifica- 
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tions for Nonreinforced Concrete Irrigation Pipe with Rubber Type Gasket Joints. 
Physical and dimensional requirements of standard-strength bell-and-spigot nonre- 
inforced-concrete sewer pipe are tabulated in Table A2.26. 


Jointing. Rubber-gasketed joints for C14 and C76 pipe are covered by ASTM 
Specification C443, Joints for Circular Concrete Sewer and Culvert Pipe, Using 
Flexible, Watertight, Rubber-Type Joints. 


Reinforced-Concrete Pipe 


Reinforced-concrete pipe for the conveyance of sewage, industrial wastes, and storm 
water and for the construction of culverts is made in sizes from NPS 12 to 144 (DN 
300 through 3600). Reinforced-concrete pipe may or may not be manufactured for 
use with rubber gaskets to seal the joints. It is usually manufactured in accordance 
with the following specifications: 


* ASTM C76, Specifications for Reinforced Concrete Culvert, Storm Drain and 
Sewer Pipe 


* AASHO M170, Specifications for Reinforced Concrete Culvert, Storm Drain and 
Sewer Pipe 


* Federal SS-P-375-Pipe, Concrete (Reinforced, Sewer) 


Reinforced-concrete pipe may be made with either tongue-and-groove or bell- 
and-spigot joints. When made for use with rubber gaskets, the joints must conform 
to ASTM Specification C443 or AASHO Specification M198, Specifications for 
Joints for Circular Concrete Sewer and Culvert Pipe, Using Flexible Watertight, 
Rubber-Type Gaskets. 

Concrete pipe is available also in both an arch and an elliptical cross section. 
These pipes are made in accordance with the following specifications: 


* ASTM C506, Specifications for Reinforced Concrete Arch Culvert, Storm Drain 
and Sewer Pipe 


* ASTM C507, Specifications for Reinforced Concrete Elliptical Culvert, Storm 
Drain and Sewer Pipe 


In each of the standards covering reinforced-concrete pipe, five strength classes 
are defined in terms of minimum three-edge bearing load at a crack width of 0.01 
in (0.25 mm) and at the ultimate strength of the pipe. 

The strength class required for a given installation is determined by computing 
the earth load and live load which will be transferred to the pipe under the conditions 
anticipated. This load is then converted to an equivalent three-edge bearing load 
by dividing it by a bedding factor. The bedding factor depends upon installation 
conditions and is always greater than 1.0. 


Reinforced and Prestressed-Concrete Pressure Pipe 


Reinforced-concrete pressure pipe is discussed in detail in Chap. A8. 


Cement-Lined Steel, Ductiles, and Cast-lron Pipe 


Refer to Chap. B9 of this handbook. 
Cement-lined pipe is well established for use in cold-water lines. Substantial 
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TABLE A2.26 Physical and Dimensional Requirements of Class 1, Bell-and-Spigot Nonreinforced Concrete Sewer Pipe (ASTM C1488; for Class 
2 and Class 3 refer to ASTM C14) 


Minimum strength 


Inside (Ib/lin ft) 
Min laying diameter at 
Internal Min length*§ mouth of Depth of Min. taper Three-edge Sand- Max. 
diameter thickness of L socket} D, socket L, of socket Min. thickness bearing bearing absorption 
(in) barrel T (in) (ft) (in) (in) HL, of socket} T, method methods (96) 
(1) Q) G) (4) G) (6) (7) (8) (9) (10) 
4 96 2⁄2 6 1% 1:20 37/4, all sizes 1500 1500 8 
6 96 2% 8A 2 1:20 1500 1650 8 
8 Ya 2% 10% 2M 1:20 1500 1950 8 
10 76 3 13 2% 1:20 1600 2100 8 
12 1 3 154 2⁄2 1:20 1300 2250 8 
15 1⁄4 3 18% 2% 1:20 2000 2620 8 
18 1% 3 221A 23A 1:20 2200 3000 8 
21 1% 3 259A 23A 1:20 2400 3300 8 
24 2% 3 29⁄2 3 1:20 2600 3600 8 


* Shorter lengths may be used for closures and specials. 


t When pipe is furnished having an increase in thickness over t 


to twice the increase of the barrel. 
t This measurement shall be taken 1⁄4 in from the outer end of the socket. 


$ Not included in ASTM Specification C14. 


hat given in column 2, the diameter at the inside of the socket shall be increased by an amount equal 
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quantities of cement-lined steel pipe are used for other applications where corrosion 
is more of a problem. The largest user, by far, is the petroleum industry in oil field 
flow lines, pipelines, tubing, and casing. Cement-lined pipe is particularly suitable 
for these applications because of the presence in the oil fields of saltwater, hydrogen 
sulfide, carbon dioxide, and other corrosive material. Other applications include 
lines in salt works for handling brine, discharge lines in coal mines for carrying 
highly corrosive sulfur water, lines in paper and pulp mills for handling diluted 
acids and corrosive waste liquids, and lines in process plants where water or other 
liquids must be kept free from iron contamination or rust. 

Cement-lined pipe is generally joined with screwed seal rings which prevent the 
corrosive liquid from coming in contact with steel. Flanged joints are also extensively 
used. Some prefabrication is done of piping assemblies involving welding of the 
steel joints. Field joining of the preassembled welded assemblies is then done with 
flanged ends. Cement of course must not be at the pipe ends being welded. After 
welding, these ends are filled with mortar. 


CHAPTER A3 
PIPING MATERIALS 


James M. Tanzosh 
Supervisor, Materials Engineering 
Babcock & Wilcox 
Barberton, Ohio 


The selection of materials for piping applications is a process that requires consider- 
ation of material characteristics appropriate for the required service. Material se- 
lected must be suitable for the flow medium and the given operating conditions of 
temperature and pressure safely during the intended design life of the product. 
Mechanical strength must be appropriate for long-term service, and resist opera- 
tional variables such as thermal or mechanical cycling. Extremes in application 
temperature can raise issues with material capabilities ranging from brittle fracture 
toughness at low temperatures to adequacy of creep strength and oxidation resis- 
tance at the other end of the temperature spectrum. 

In addition, the operating environment surrounding the pipe or piping compo- 
nent must be considered. Degradation of material properties or loss of effective 
load-carrying cross section can occur through corrosion, erosion, or a combination 
of the two. The nature of the substances that are contained by the piping is also 
an important factor. 

The fabricability characteristics of the materials being considered must also be 
taken into account. The ability to be bent or formed, suitability for welding or 
other methods of joining, ease of heat treatment, and uniformity and stability of 
the resultant microstructure and properties all of a given piping material contribute 
toward or detract from its attractiveness and economy. The selection process should 
lead to the most economical material that meets the requirements of the service 
conditions and codes and standards that apply. 

Applicable design and construction codes such as the ASME Boiler and Pressure 
Vessel Code and the ASME B31 Pressure Piping Code identify acceptable materials 
for piping systems within their jurisdiction. These codes specify the design rules, 
allowable design stresses, and other properties required to accomplish the design 
task. However, the information supplied is generally only adequate and intended 
to assure safe operation under the thermal and mechanical conditions expected 
under steady-state and sometimes (as in nuclear construction) cyclic operation. 
These codes do not directly and explicitly address the many other environmental 
and material degradation issues that should be considered by design and materials 
engineers in arriving at a piping system that is not only safe to operate but will 
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offer long-term, reliable service and function. Thus, simply designing to “‘the Code" 
when selecting materials can sometimes lead to premature end-of-life of piping 
system components. 

This chapter will attempt to identify the important metallurgical characteristics 
of piping materials and how they can affect or be affected by operation of all of 
the other materials available to the engineer. Carbon and low-alloy steels come 
closest to being the ideal construction material. Due to the fact that the majority 
of piping applications employ iron-based metals, these will be emphasized in this 
chapter. 


MATERIAL PROPERTIES OF PIPING MATERIALS 


The behavior of piping material can be understood and predicted by studying a 
number of properties of the material. Appreciation of how a material will perform 
must extend all the way down to the atomic components of the material. Metals are 
crystalline in structure, composed of atoms in precise locations within a space lattice. 

The smallest component of the crystalline structure is called a unit cell, the 
smallest repeating building block of the material. For example, iron and iron-based 
alloys exist in two unit cell forms, the body-centered cubic (BCC) and the face- 


x 
a] 


(o) (b) (c) 


FIGURE A3.1 Thethree most common crystal structures in met- 
als and alloys. (a) Face-centered cubic (FCC); (b) body-centered 
cubic (BCC); (c) hexagonal close-packed (HCP). 


E 
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centered cubic (FCC) structure, shown in Fig. A3.1. They are differentiated in the 
way the atoms are arranged in repeating patterns. The body-centered cubic structure 
is represented by a cube with atoms at all eight corners, and one atom in the center 
of the cube. The face-centered lattice is represented by atoms at the eight corners 
of the cube, plus one atom located at the center of each of the cube's six faces. The 
crystal structure naturally assumed by a material dictates some of the fundamental 
properties of the material. For example, FCC materials are generally more ductile 
than BCC materials. This is basically because FCC crystals are the most tightly 
packed of metallic structures and, as such, allow for more planes of atoms to slide 
across one another with the least amount of resistance (the fundamental atomic 
motion involved in what is called plasticity). 

Metallic materials consist of these and other ordered crystal structures. Some 
metals, most notably iron, change their crystal structure as temperature varies. 
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Structure may also change as certain other elements are added in the form of 
alloying additions. These changes are used to advantage by metallurgists and are 
the basis for developing and manipulating important material behavior, such as the 
heat treatability of carbon and low alloy steels. 

Plastics may be defined as synthetic materials whose chief component is a resin 
or resin equivalent. The term plastic covers a very broad range of materials that 
contain, as an essential ingredient, one or more organic polymetic substances. They 
possess large molecular weight, formed by the chemical combination of carbon- 
hydrogen atom chains (monomers to polymers). The atomic structure is thus ordered 
and predictable, but dissimilar from that of metals. Many plastics have greater 
strength per unit weight than metal, but suffer due to lower impact strength, chemical 
stability, and thermal and aging stability. However, plastics fill an important niche 
in the piping engineer's repertoire. 

Ceramic materials are composed of the oxides of metal arranged in ordered 
atomic structures similar to that of metals. The atomic constituents are electronically 
different, resulting in rigid, predictable behavior, but with an inherent lack of 
plasticity compared to metals. 

Glasses form the other extreme of the atomic structure spectrum. Their atomic 
makeup is essentially that of a liquid; the structure is actually a solid with no ordered 
arrangement of atoms. 

These atomic characteristics (i.e., the natural arrangement of the atoms, as well 
as the specific elements involved and their electronic characteristics) establish the 
fundamental properties of engineering materials. The properties that a engineer 
requires to design and construct a piping system are a manifestation of the longer- 
range effects of atomic structure. These properties fall into three categories: chemi- 
cal, mechanical, and physical. 


Chemical Properties of Metals 


Chemical properties are herein defined as those material characteristics that are 
dictated by the elemental constituency of the solid. This is usually measured by the 
relative atomic weight percent of the various elements (metals or nonmetals) or 
compounds within the material. 

Metals are are not usually used in their pure form. Rather, secondary elements 
are purposely added to improve or modify their behavior. This addition of secondary 
elements is called alloying, and the elements added fall into two categories, based 
on the relative size of the atoms. Atoms significantly smaller than those of the 
parent metal matrix fit into spaces between the atoms in the lattices’ interstices 
and are called interstitial alloying elements. Carbon added to iron, creating steel, is 
the most common example. Larger-sized atoms will substitute for parent metal 
atoms in their matrix locations, thus the name substitutional alloying elements. 
Examples of this include zinc substituting for copper atoms in copper, creating 
brass; and tin substituting for copper atoms, creating bronze alloys. 

Pure metals possess relatively low strength. Adding an alloying element will 
increase the strength of a metal's atomic matrix because the atomic lattice is strained 
locally by the foreign atom, creating a larger impediment for the sliding of planes 
of atoms across one another during plastic flow. This is true whether the alloying 
element is interstitial or substitutional; however, the former generally serve as better 
lattice strengtheners. Strength properties are often improved to the detriment of 
ductility. Proper alloying, combined with appropriate metal processing and heat 
treatment, results in optimization of material properties. 
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Elements are also added to metals to improve or modify their corrosion or 
oxidation characteristics, or to improve manufacturability (e.g., machineability) 
and/or electrical properties, among other effects. However, it is important to note 
that alloying done to optimize one material property may act to the detriment 
of others. 

Carbon steels, the most common of the construction materials, always contain 
the elements carbon, manganese, phosphorous, sulfur, and silicon in varying 
amounts. Small amounts of other elements may be found either entering as gases 
during the steel-making process (hydrogen, oxygen, nitrogen), or introduced 
through the ores or metal scrap used to make the steel (nickel, copper, molybdenum, 
chromium, tin, antimony, etc.). The specific effect of each of these elements on steel 
properties will be addressed later in the chapter. Addition of significant quantities of 
the interstitial element carbon will result in high strength and hardness— but to the 
detriment of formability and weldability. A great amount of research has gone into 
the development of the principal metals used in piping design and construction; thus 
the specification limits must be vigorously adhered to in order to assure reliability, 
predictability, and repeatability of material behavior. 

The number of elements alloyed with a parent metal, and the acceptable range 
of content of each, are identified in the material specification (e.g., ASTM, API, 
ASME). Tests appropriate for determining the elemental constituency of an alloy 
have been standardized and are also described in ASTM specifications. The material 
specifications also stipulate whether the chemical analysis of an alloy may be re- 
ported by analyzing a sample of the molten metal, or taken from a specimen 
removed from the final product. The former is commonly referred to as a ladle 
analysis, and the latter as a product or check analysis. This “chemistry” of a construc- 
tion material is reported on a material test report which may be supplied by the 
material manufacturer upon request. 


Mechanical Properties of Metals 


Mechanical properties are critically important to the design process. They are 
defined as the characteristic response of a material to applied force. The standardized 
test methods for measuring these properties are described in ASTM specifications. 

Properties fall into two general categories, strength and ductility. Some proper- 
ties, such as material toughness, are dependent on both strength and ductility. The 
most widely known and used material properties, as defined by ASTM, are described 
in the following paragraphs.! 


Modulus of Elasticity (Young's Modulus). The modulus of elasticity is the ratio 
of normal stress to corresponding strain for tensile or compressive stresses. This 
ratio is linear through a range of stress, known as Hooke's law. The material 
behavior in this range is elastic (i.e., if the applied load is released the material will 
return to its original, unstressed shape). The value of the slope in the elastic range 
is defined as Young's Modulus. 

The modulus of elasticity is measured using the tension test, the most widely 
used test applied to engineering materials. The test consists of applying a gradually 
increasing load in either tension or compression, in a testing machine, to a standard- 
ized test specimen (Fig. A3.2). The applied load is continuously monitored, as is 
test specimen elongation or contraction under load. These measured quantities are 
generally represented on a coordinate axis, called a stress-strain curve (Fig. A3.3). 
The modulus of elasticity and other strength properties are established from this 
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curve. Values of the modulus of elastic- 
ity for a number of construction materi- 
als are given in Table A3.1 


Yield Strength. When a specimen is 
loaded beyond the point where elastic 
behavior can be maintained the speci- 
men will begin to deform in a plastic 
manner. Most materials do not abruptly 
transform from purely elastic to purely 
plastic behavior. Rather, a gradual tran- 
sition occurs as represented by a curve, 
or knee, in the stress-strain curve. Lack- 
ing an abrupt and easily definable point 
representing transition from elastic to 
plastic behavior, several standardized 
methods have been defined by ASTM 
to determine the yield strength used as 
the engineering property. The most 
common is termed the 0.2 percent offset 
method. In this approach a line is drawn 
parallelto the elastic portion of the curve 
anchored to a point displaced 0.2 percent 
along the strain axis. (Fig. A3.4). The 
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ms "ESL ERN 
L- Gage length = 
ABC DE FGHI 


Stretched gage —— 


(a) 
Minimum radius recommended 
3/8 in. but not less than (/8 in. permitted. 


je 2174" 
Parallel section 


[-- Erivzsoort 


2"+0.005" gage length for 
elongation after fracture 


Note: The gage length, parallel section, and 
fillets shall be as shown, but the ends 
may be of any shape to fit the holders 
of the testing machine in such a way 
that the load shall be oxial. 

(b) 


FIGURE A3.2 Tension-test specimens. (a) 
Strip specimen showing measurements which 
are taken to determine elongation; (b) standard 
round specimen with 2-in gauge length. 


yield strength corresponds to the calcu- 
lated value of the load indicated at the 
intersection point of the drawn line, di- 
vided by the original cross-sectional area 


i] 
in the gauge length of the tensile speci- Y 
men. By convention, this test is per- e 
formed at a constant rate of strain, and o 
is reported as newtons per square meter, 0 Strain 


or as pounds per square inch of cross 


section in English units. FIGURE A3.3 Stress-strain diagram. 


Ultimate Tensile Strength. Upon further increase of applied load under constant 
strain rate, the specimen will continue to stretch until the loss of load-carrying 
cross section caused by specimen thinning during the test (due to Poisson's ratio) 
cannot withstand further load increase. The ultimate tensile strength constitutes 
the maximum applied load divided by the original specimen cross-sectional 
area. 


Elongation and Reduction of Area. The ductility of the test specimen can be 
established by measuring its length and minimum diameter before and after testing. 
Stretch of the specimen is represented as a percent elongation in a given length 
(usually 2 or 8 in) and is calculated in the following manner: 


(final length — original length) 


Percent elongation — x 100 


original length 
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TABLE A3.1 Modulus of Elasticity U.S. Units for Metals* 


E = Modulus of elasticity, msi (millions of psi),' at temperature ^F? 


Material —425 -—400 -350 -325 -200 -100 70 200 300 400 500 600 700 $800 900 1000 1100 1200 1300 1400 1500 

Ferrous metals 
Gray cast iron E cd x As nos dod 13.4 132 129 12.6 122 117 110 102 ... ... ug 
Carbon steels, C = 0.3% 319... quas 314 308 30.2 29.5 288 283 27.7 27.3 26.7 25.5 242 224 204 180 ... 
Carbon steels, C > 0.3% SLT i abe 312 30.6 30.0 29.3 286 281 275 271 265 253 240 222 202 17.9 15.4 
Carbon-moly steels ÍT .~ fed sea 31.1 30.5 29.9 29.2 285 280 274 270 264 253 23.9 222 201 78 153 
Nickel steels, Ni 296—996 301  ... du 296 291 285 278 271 267 261 257 252 246 230 ... ... dU i43 Pig T 
Cr-Mo steels, Cr 196—296 322. . 222 aah 316 310 304 29.7 29.0 285 27.9 27.5 26.9 263 25.5 248 239 230 218 205 189 
Cr-Mo steels, Cr 2Y%4%-3% 933, oes bé 326 320 2314 30.6 29.8 294 288 283 27.7 271 263 25.6 246 237 225 211 194 
Cr-Mo steels, Cr 595-996 334  ... vati 329 323: 317 309 301 29.7 29.0 286 280 273 261 247 227 204 182 155 127 
Chromium steels, Cr 1296, 1796, 2796 318' 5. es 312 307 30.1 29.2 285 279 27.3 26.7 261 25.6 247 232 21.5 9.1 6.6 1 E E 
Austenitic steels (TP304, 310, 316, 321, 347) 308 ... "s 303 29.7 291 28.3 27.6 270 265 25.8 253 248 241 23.5 228 221 212 202 192 1841 
Copper and Copper Alloys 
Comp. and leaded-Sn bronze (C83600, C92200) "s d Yes 148 146 144 140 13.7 134 132 129 125 120 
Naval brass, Si- & Al-bronze (C46400, C65500, ius EE Ju 159 15.6 154 15.0 146 144 141 13.8 134 128 

C95200, C95400) 
Copper (C11000) n ESE ATi 169 166 165 160 15.6 154 15.0 147 142 13.7 
Copper, red brass, Al-bronze (C10200, C12000, ut eed Ves 180 177 175 17.0 166 163 160 15.6 151 145 

C12200, C12500, C14200, C23000, C61400) 
90Cu-10Ni (C70600) ES Mu its 19.0 187 185 180 17.6 173 169 16.6 160 15.4 
Leaded Ni-bronze ne ig Ait 201 198 196 190 185 182 17.9 17.5 169 162 
80Cu-20Ni (C71000) ze Ae un 212 208 206 200 195 192 188 184 178 17.1 
70Cu-30Ni (C71500) Pau T pti 233 229 127 220 215 211 20.7 202 19.6 18.8 
Nickel and Nickel Alloys 
Monel 400 (N04400) 283  ... Ya 278 273 268 260 254 250 247 243 241 237 231 226 221 217 212 
Alloys G, G1, 20 Mod. (N06007, N08320) 30:3: - 22d JA 29.5 292 28.6 278 271 26.7 264 26.0 25.7 253 247 242 23.6 232 227 
Alloys 800, 800H, x (N08800, N08810, N06002) SIS. xu Pie 305 29.9 29.4 285 27.8 274 271 26.6 264 25.9 25.4 248 242 23.8 232 
Alloys C-4, C276 (N06455, N10276) 92,5. sass "" 316 313 306 29.8 29.1 286 283 279 27.6 271 265 25.9 253 249 243 
Nickel 200, 201, Alloy 625 (N02200, N02201, N06625) 32.7  ... ya 321 315 30.9 30.0 293 288 285 281 278 273 26.7 261 255 251 245 
Alloy 600 (N06600) BROT codd e 332 32.6 319 31.0 302 299 29.5 29.0 28.7 282 27.6 27.0 264 259 253 
Alloy B (N10001) 3309. * zu atus 333 327 320 2311 303 299 29.5 29. 28.8 283 27.7 271 264 260 253 
Alloy B-2 (N10665) 342  ... "n 333 33.0 0323 314 30.66 301 29.8 294 29.0 286 279 273 267 262 25.6 
Unalloyed Titanium 
Grades 1, 2, 3, and 7 rd ^ Yaa id es sia 155 15.0 146 140 133 126 119 112 


* These data are for information, and it is not to be implied that materials are suitable for all the temperatures 
shown. Data are taken from Code for Pressure Piping, ASME B31.1-1995. 

! To convert psi into kPa, multiply the tabulated values by 6.895 X 10°. 

? To convert °F into °C, divide (tabulated °F — 32) by 1.8. 
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TABLE A3.1 Modulus of Elasticity* (Continued) 


E = Modulus of elasticity, msi (millions of psi), at temperature, °F 


Material —425 —400  —350 -325 —200  —100 70 200 300 400 


Aluminum and Aluminum Alloys 

Grades 443, 1060, 1100, 3003, 3004, 11.4 ita EP 11.1 10.8 10.5 100 9.6 9.2 8.7 
6061, 6063, (A24430, A91060, 
A91100, A93003, A93004, 
A96061, A96063) 


Grades 5052, 5154, 5454. 5652 11.6 saa SA 113 11.0 10.7 102 9.7 9.4 8.9 
(A95052, A95154, A95454, A95652) 
Grades 356, 5083, 5086, 5456 11.7 iud usa 11.4 11.1 10.8 103 98 9.5 9.0 


(A03560,A95083, A95086, A95456) 


The diameter of the test specimen will decrease, or neck down, in ductile materi- 
als. Another standard measure of ductility is the reduction of area of the specimen, 
defined as follows: 


(original cross-sectional area — final area) 


Percent reduction of area = x 100 


original area 
(A3.1) 


Hardness. This is a measure of the material’s ability to resist deformation, usually 
determined by a standardized test where the surface resistance to indentation is 
measured. The most common hardness tests are defined by the indentor type and 
size, and the amount of load applied. 

The hardness numbers constitute a non- A n 

dimensioned, arbitrary scale, with in- 
creasing numbers representing harder 
surfaces. The two most common hard- 
ness test methods are Brinell Hardness 
and Rockwell Hardness, with each rep- 
resenting a standardized test machine 
with its own unique hardness scales. 
Hardness loosely correlates with ulti- 
mate tensile strength in metals (Fig. 
A3.5). Approximate hardness conver- 
sion numbers for a variety of material elm Strain 

types, including steels, can be found in "Om Specified offset 
ASTM Specification E140. 


o 


FIGURE A3.4 Offset method of determining 


, ield st th. 
Toughness. Sudden fracture, exhib- PESE 


iting little ductility in the vicinity of the 
break, occurs in certain metals when load is rapidly applied. The capability of a 
material to resist such a brittle fracture is a measure of its toughness. 

Highly ductile materials (those possessing an FCC lattice, for example) exhibit 
considerable toughness across a full range of temperatures. Other materials, such 
as BCC-based carbon steels, possess a level of toughness that is dependent on the 
metal temperature when the load is applied. In these metals, a transition from 
brittle to ductile behavior occurs over a narrow range of temperatures. 

The two most common methods used to measure metal toughness are the Charpy 
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given Rockwell number, 
use chart to find 
equivalent Brinell number, 
then read from upper 


Rockweli "B" and "C" numbers 


75 125 175 225 275 325 375 425 
Brinell hardness number (3,000 kg load, IO mm ball) 


FIGURE A3.5 Conversion chart for Brinell and Rockwell 
hardness numbers, giving corresponding tensile strength for 
steel. Based on hardness conversion table. (SAE Hand- 
book, 1964.) 


Impact test, defined in ASTM specification E 23, and the Drop-Weight test, defined 
in ASTM E 208. The Charpy test employs a small machined specimen with a 
machined notch that is struck by a pendulum weight (Fig. A3.6). The energy loss 
to the pendulum as it passes through and breaks the specimen (Fig. A3.7), measured 
in kilojoules or ft - Ib of force, is a measure of the toughness of the specimen. Typical 
impact behavior versus test temperature is shown in Fig. A3.8. 

The Drop-Weight test is similar in principle but employs a larger specimen with 
a brittle, notched weld bead used as the crack starter (Fig. A3.9). A weight is 
dropped from a height onto the specimen, which had been cooled or heated to the 
desired test temperature. The test determines the nil-ductility transition temperature 
(NDTT), defined as the specimen temperature when, upon striking, the crack propa- 
gates across the entire specimen width. 

The Charpy brittle transition temperature (sometimes called the Charpy fix 
temperature) and the Drop Weight NDTT are both important design considerations 
for those materials that can exhibit poor toughness and that may operate in lower 
temperature regimes. In pressure vessel and piping design codes, limits are placed 
on material minimum use temperature based on adding an increment of margin 
over and above the Charpy fix or NDTT. Operating at or above this elevated 
temperature is then usually sufficient to avoid brittle, catastrophic failure, as for 
example is the case when at a temperature on the “upper shelf" of the Charpy V- 
notch toughness-versus-temperature curve. 
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On subsiza specimens the length, notch angle, and notch radius are constant (see Fig. 8); depth (D), notch depth (N), and width (W) vary as indicated below. 
0.25 mm rad 
(00010) 
are 
an 
En o sm e Seti ae E 


2.165 ”# +0.00”) Grind Opposite Sides 
( Parallel and 90* $10" 


to Adjacent Sides 


205mm 5mm 7. 5mm 10 mm 20mm 
ee TU d 0-394”) (0.788) 
E eros oe 


i anaes soe (0.0794 


5mm (0.197") f iem Jt 


Fin (000397) 
+} 
[35:8] 
3mm (9.13) — — 0.4610 mm (0.024") 


Note 1—Circled specimen Is the standard specimen (see Fig. 6). 
Note 2—Permissibie variations shall be as follows: 


Cross-section dimensions +1 % or +0.075 mm (0.003 in.), whichever is smaller 


Radius of notch +0.025 mm (0.001 in.) 
Depth of notch +0.025 mm (0.001 in.) 
Finish requirements 2 um (63 pin.) on notched surface and opposite face; 4 pm (125 yin.) on other two surfaces 


FIGURE A3.6 Charpy (simple beam) subsize (Type A) impact test specimens. (ASTM Specification E23.) 
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STRIKING EDGE 


SPECIMEN 


A B 
80°+2° 
Center of 
1mm rod strike ANVIL 


(0.039") 


40 mm (1.574") 


FIGURE A3.7 Charpy V-notch specimen place- 
ment during strike by testing anvil. (ASTM Specifica- 
tion E23.) 


Fatigue Resistance. The ability of a metal to resist crack initiation and further 
propagation under repeated cyclic loading is a measure of its fatigue resistance. 
Several standardized test methods have been developed to test metals, machined 
to particular geometries, where applying a repeating load range. Loads are generally 
applied through bending, cantilevered, or push-pull load application in suitably 
outfitted testing machines. Either constant applied stress or strain ranges can be 
employed to determine material response. 

The most common representation of fatigue test data is an S-N curve, relating 
stress (S) required to cause specimen failure in a given number of cycles (N) (Fig. 


Transition temperature range 
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40 i— 


T 


Average curve 


Transition temperature 
(based on I5 ft. ib. value) 


o 


Total energy absorbed 


Increasing ———>- 


Testing temperature 


FIGURE A3.8 Transition temperature range and transition temperature in 
Charpy impact test. 
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4/16" MAX „NOTCHED WELD BEAD 
man z SURFACE GRIND 
075" 


(1-in = 25.4 mm) 


FIGURE A3.9 Drop-weight test specimen with brittle weld de- 
posit on specimen face; machined notch to act as crack starter. 
Impact load applied from side opposite weld deposit. (ASTM Spec- 
ification E208.) 


se 
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A3.10a). These tests are generally performed on smooth specimens, but they can 
also be run with stress-concentrating mechanisms such as notches machined into 
the specimen surface. The effect of stress concentrations on fatigue life cycles can 
also be estimated from the smooth specimen S-N curve by calculating the intensified 
stress due to the particular geometry, and intersecting the curve at that point on 
the stress axis. 

As the applied load range decreases, ferritic steels exhibit a point at which an 
infinite number of cycles can be absorbed without causing failure. This level of 
stress is called the endurance limit. Many of the other metals do not exhibit this 
behavior, but rather exhibit an increasing, but finite, number of cycles to failure 
with decreasing cyclic load (Fig. A3.10b). 

The fatigue resistance of a material at a given applied stress or strain range is 
a function of a number of variables, including material strength and ductility. Results 
may vary significantly for different surface finishes, product forms of the same 
material (Fig. A3.11), material internal cleanliness, test specimen orientation, and 
levels of residual stress, among other factors. Variations in the test environment 
can also have a profound effect on test results (Fig. A3.12). Therefore, fatigue test 
results characteristically exhibit significant scatter. 

Fatigue design curves are generated from test data by applying large safety 
margins to the average property curve. In U.S. design codes, the fatigue design 
curve is commonly generated by taking the lesser of 20 times the cycles to failure, 
or % of the stress to cause failure. A new curve is constructed taking the lower 
bound of these two factored curves. 

When considering metal fatigue in design, a further safety margin is often also 
applied against the cycles-to-failure at a given stress amplitude. For example, if a 
component is continuously cycled over the same stress range, a design limit on 
allowable cycles may correspond to the cycle life multiplied by a factor such as 0.8. 
This is a common safety margin employed in vessel and piping design. 

As is normally the case, components may experience a wide variety of cyclic 
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FIGURE A3.10 S-N curves that typify fatigue test results (a) for testing medium-strength 
steels and (b) showing typical curve shape for ferrous and nonferrous materials. S; is the 
endurance limit. (Atlas of Fatigue Curves, American Society for Metals, ©1986.) 


stress ranges, at various temperatures, over their life. The effect of this array of 
cyclic parameters on fatigue life can be estimated by an approach referred to as 
life fraction summation. In this design practice, the percentage of life used up in 
cycling at a certain stress range is calculated, corresponding to the ratio of the 
number of actual service duty cycles to the total number of cycles to failure at that 
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FIGURE A3.11 Fatigue characteristics (S-N 
curve) for cast and wrought 1040 steel in the nor- 
malized and tempered condition, both notched and 
unnotched. R. R. Moore rotating beam tests, K, = 
2.2. (Atlas of Fatigue Curves, ASM.) 


stress range. This calculation is performed for all of the various stress ranges/duty 
cycles anticipated. The fractions thereby calculated are summed and compared to 
the design limit (1.0 with no safety margin, or 0.8 or some other value depending 
on the design safety factor that applies). 


Elevated Temperature Tensile and Creep Strength. Tensile tests are performed 
at elevated temperatures to characterize the material's yield and ultimate tensile 


Fatigue without corrosion 


Stress range ——» 


Number of cycles needed for fracture ——» 


FIGURE A3.12 Effect of alternating stresses with and without corrosion 
for ferrous material that normally exhibits an endurance limit. (Atlas of 
Fatigue Curves, ASM.) 
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FIGURE A3.13 Creep time versus elongation curves at a given temper- 
ature. 


properties at potential use temperatures above room temperature. A heating cham- 
ber is combined with a conventional tensile testing machine, and special strain 
measuring extensometers are used that are capable of withstanding the test tempera- 
tures. Generally, as temperature increases, yield and ultimate strengths decrease, 
and ductility increases. 

Creep is defined as the time-dependent deformation of a material that occurs 
under load at elevated temperatures. The test is performed by holding a specimen, 
similar in configuration to a tensile specimen, at a uniform temperature and a 
constant load (usually using a dead weight) and allowing the specimen to gradually 
elongate to ultimate failure. The practice is defined in ASTM Specification 
E 139. 

The simplest test method records only the applied stress (based on original test 
specimen cross section), time to failure, and total elongation at failure. This is called 
a stress rupture test. If periodic measurements of strain accumulation versus test 
duration are also taken, the test is referred to as a creep-rupture test. 

A representation of typical creep strain-versus-time data is shown in Fig. A3.13. 
Three stages of creep behavior are exhibited. Upon initial loading, instantaneous 
straining occurs. Almost immediately, the rate of creep strain accumulation (creep 
rate) is high but continuously decreasing. The test then progresses into a phase 
where the strain rate slows and becomes fairly constant for a long period of time. 
Finally, with decreasing load-bearing cross section of the specimen due to specimen 
stretching and necking, applied stress begins to increase steadily, as does the creep 
rate, until failure occurs. These three regions are termed the primary, secondary, 
and tertiary stages of creep. The intent of safe design practice is to avoid the third 
stage, where strain accumulations are rapid and material behavior less 
predictable. 
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After accumulating a number of rup- 
ture data points (i.e., time to failure of 
a metal at various applied stresses), the 
data is generally represented as a stress 
rupture curve (Fig. A3.14). Each curve 
represents the time to failure at various 
applied stresses, at a given test tempera- 
ture. Another useful property that can 
be measured in these tests is the creep 
rate during the second stage of creep, for 
a given applied stress and temperature. 
This, along with time to onset of the RERNI 
tertiary creep stage, are useful proper- 
ties to the design engineer and are used Timer dor ciptare 
in establishing allowable design tension FIGURE — A314 Typical  stress-to-rupture 
stresses in design codes. CULVés. 

Metals that experience creep will ac- 
cumulate a progressively larger amount 
of microscopic damage to the structure of the material. Damage is first observed 
microscopically as small cavities, or voids, that begin appearing in the grain bound- 
aries of the metal, particularly at triple points (i.e., where three grains come to- 
gether). Further progression of damage entails formation of more voids along many 
of the adjacent grain boundaries, until ultimately they link together to form grain 
boundary microcracks. With more time, these form larger macrocracks that lead 
to ultimate failure of the metal component. 

The determination of a metal's degree of creep damage, and its consequence on 
the continued safe operation of the component, has developed into a sophisticated 
science referred to as component condition assessment, or estimation of remaining 
life. This will be addressed in more detail later in the chapter. 

A practice essentially identical to cyclic fraction life summation used in fatigue 
design can be employed in material creep analysis to estimate the percentage of 
creep life expended. Here the individual life fraction corresponds to the amount 
of time a component spends at a given stress and temperature, compared to the 
total time to failure given on the stress rupture curve for the same applied stress 
and temperature. All of these fractions for all the operating conditions are then 
added together, and compared to an appropriate design limit (1.0 or less). 
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Physical Properties of Metals 


Physical properties are those, other than mechanical properties, that pertain to the 
physics of a material. Physical properties of importance to the materials and design 
engineer are material density, thermal conductivity, thermal expansion, and spe- 
cific heat? 


Density. Density is the ratio of the mass of a material to its volume. In vessel 
and piping design, the density of a construction material versus its strength per unit 
area of cross section is often an important consideration. 


Thermal Conductivity. This is the characteristic ability of a material to transmit 
energy in the form of heat from a high-temperature source to a point of lower 
temperature. The ability to transmit heat is usually expressed as a coefficient of 


TABLE A3.2 Thermal Conductivity and Expansion of Piping Material 


Linear thermal expansion 


Thermal conductivity average 
Btu " (v op ft Temperature, Temperature 
Material ft ?F Microinch/(in °F) range, ^F 
Pure iron .................... 43 70 6.83 68-212 
28 752 8.97 932-1112 
Gray cast iron ............. 27 70 5.83 32-212 
23.7 752 
Malleable cast iron 6.6 70—750 
fertitic. ene 
Malleable cast iron 6.6 70—750 
pearlitic..................... 
Nodular iron................ 18 (Pearlitic) 212 6.46 68-212 
20 (Ferritic) 212 6.97 68-600 
7.49 68-1000 
7.69 68-1400 
Wrought iron............... 34 212 
26 752 
Wrought carbon steel: 34 32 7.83 70-800 
0.06 C, 0.38 Mn....... 7.95 70-900 
8.02 70-1000 
8.21 70-1100 
8.36 70-1200 
0.23 C, 0.635 Mn..... 30 70 
25 752 6.50 68-212 
17 2192 
0.435 C, 0.69 Mn..... 6.44 68-212 
8.39 68-1292 
122 C, 0.35 Mn...... 26 70 
22 752 5.89 122-212 
16 2192 9.33 932-1832 
Carbon-Y$ Mo............. 25.8 212 7.70 68-800 
7.85 68-1000 
7.95 68-1100 
8.07 68-1200 
114 Cr-¥2 Mo............... 17.9 212 7.32 70-800 
7.44 70-900 
7.56 70-1000 
7.63 70-1100 
7.74 70-1200 
7.82 70-1300 
2Y4 Cr-1 Mo................ 16.3 212 7.49 70-800 
7.65 70-900 
7.72 70-1000 
7.78 70-1100 
7.84 70-1200 
7.88 70-1300 


1. Btu/(hr °F- ft?/ft) = 0.5780101 Watt/meter’/°C/meter (W/m?/°C/m). 


2.°C = (°F — 32)/18. 


TABLE A3.2 Thermal Conductivity and Expansion of Piping Material (Continued) 


Linear thermal expansion 


Thermal conductivity average 
Btu / (v op fË Temperature, Temperature 
Material ft SE Microinch/(in °F) range, °F 
5 Cr-¥% Mo........... 21.2 212 6.44 0-212 
20.8 392 6.91 70-800 
20.4 572 7.02 70-900 
19.8 752 7.10 70-1000 
19.5 932 7.19 70-1100 
7.31 70-1200 
7.35 70-1300 
9 Cr-1 Mo............ 6.28 70-300 
6.60 70-800 
6.75 70-900 
6.81 70-1000 
6.95 70-1100 
7.07 70-1200 
7.13 70-1300 
32% Ni steel........ 21 212 
14 1472 
Type 304 wrought 9.4 212 9.6 32-212 
10.3 392 9.9 32-600 
11.0 572 10.2 32-1000 
11.8 752 10.4 32-1200 
12.5 932 11.2 32-1800 
CF-8 cast... 9.2 212 
12.1 1000 
Type 316 wrought 9.0 212 8.9 32-212 
12.1 932 9.0 32-600 
9.7 32-1000 
10.3 32-1200 
11.1 32-1500 
CF-8M cast ........... 9.4 212 8.9 68-212 
12.3 1000 9.7 68-1000 
Type 321 wrought 9.3 212 9.3 32-212 
10.2 392 9.5 32-600 
11.1 752 10.3 32-1000 
11.9 932 10.7 32-1200 
12.8 112 32-1500 
Type 347 wrought 9.3 212 9.3 32-212 
10.2 392 9.5 32-600 
11.1 572 10.3 32-1000 
11.9 752 10.6 32-1200 
12.8 932 11.1 32-1500 
CF-8C cast ............ 9.3 212 9.3 68-212 
12.8 1000 10.3 68-1000 
405 wrought.......... 6.0 32-212 
6.4 32-600 
6.7 32-1000 
BS 32-1200 


TABLE A3.2 Thermal Conductivity and Expansion of Piping Material (Continued) 


Linear thermal expansion 
Thermal conductivity average 
Btu / (i oR £) Temperature, Temperature 
Material ft °F Microinch/(in °F) | range, °F 
CAIS cast... 14.5 212 5.5 68-212 
16.7 1000 6.4 68—1000 
6.7 68-1300 
410 wrought ................ 144 212 6.1 32-212 
16 752 7.2 32-1000 
7.6 32-1832 
446 wrought ................ 12.1 212 5.9 32-212 
14.1 932 6.3 32-1000 
7.6 32-1832 
CC50 cast wees 12.6 212 
17.9 1000 5.9 68-212 
20.3 1500 6.4 68—1000 
242 2000 
Aluminum 1100.......... 128 70 12.2 —58 to +68 
131 68-212 
13.7 68-392 
14.2 68-572 
Aluminum 6061 .......... 99 (0 temper) 70 12.1 —76 to +68 
90 (T4 temper) 70 13.0 68-212 
90 (T6 temper) 70 13.5 68-392 
14.1 68-572 
Aluminum 43 .............. 82 (as cast) 70 122 68-212 
94 (annealed) 70 12.8 68-392 
13.3 68-572 
Aluminum 356............ 97 sand cast T51 70 11.9 68-212 
88 sand cast T6 70 12.8 68—392 
13.0 68-572 
Copper (DHP)............ 196 68 9.8 68-572 
Red brass................. 92 68 10.4 cold rolled 68-572 
Yellow brass................ 67 68 113 68-572 
Admiralty brass 64 68 11.2 68-572 
Manganese bronze ..... 61 68 11.8 68-572 
Cupronickel (70—30).. 17 68 9.0 68-572 
Aluminum bronze (3) 44 68 9.0 68-572 
Beryllium copper........ 33-41 cold 68 9.3 68-212 
worked 9.4 68-392 
48-68 9.9 68-572 
precipitation 
hardened 
Chemical lead ............. vus T 16.3 65-212 
14.7 —130 to +66 
50/40 SnPb solder ...... 27 129 13.0 60—230 
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TABLE A3.2 Thermal Conductivity and Expansion of Piping Material (Continued) 


Linear thermal expansion 
Thermal conductivity average 
Btu ^ (v op T) Temperature, Temperature 
Material ft ?F Microinch/(in ^F) | range, °F 
Nickel (A) wrought... 35 32-212 74 71-212 
Monel (70 Ni-30 Cu) 15 32-212 7.8 32-212 
(wrought) ................ 
Inconel 8.4 70-212 6.4 68-212 
83 70-1000 
Incoloy....................... 6.8 32-212 8.0 32-212 
Hastelloy B ................. 6 zs 53 70-200 
7.8 70-1600 
Hastelloy C................. 5 70 6.6 70—200 
82 70-1600 
TEM os ttm 36 32 12.8 32-212 
Titanium (99.0%)....... 9.0-11.5 68 4.8 68-200 
12.4 1500 5.6 68-1200 
57 68-1600 
31 68 3.6 


thermal conductivity (k) whose units are a quantity of heat transmitted through a 
unit thickness per unit time per unit area per unit difference in temperature. 
For example: 


Btu- ft cal -cm 


h-fÜ^F ° sec-em2°C os) 

The lower the value of k, the more resistant the material is to the flow of thermal 
energy. Good insulators possess low coefficients of thermal conductivity. 

Thermal conductivity is a function of the temperature of the material. For 
example, the coefficient of thermal conductivity of carbon steel decreases as its 
temperature increases, thereby decreasing its ability to transfer heat energy. Austen- 
itic stainless steels, on the other hand, increase in k value with temperature. How- 
ever, they remain lower than carbon steels in normal piping system temperature 
ranges. 


Thermal Expansion. Expressed as the coefficient of linear expansion, thermal 
expansion is a ratio of the change in length per degree of temperature, to a length 
at a given standard temperature (such as room temperature, or the freezing point 
of water). The units of the coefficient are length of growth per unit length per 
degree of temperature. The value of the coefficient varies with temperature. 


Specific Heat. This is a measure of the quantity of heat required to raise a unit 
weight of a material one degree in temperature. 

Some values of physical properties of a number of materials of interest are given 
in Table A3.2 and Table A3.3. 
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TABLE A3.3 Some Physical Properties of Piping Materials 


Specific heat, Melting 
Density, mean temperature,** 
Material Ib/in?* (temperature, ^F) ?F 
PUTE TON eiie teens 0.2845 ee SU dog) 2781-2799 
Gray cast iron... 0.251-0.265 |... sse 2150-2360 
Malleable cast iron ferritic .............. 0.260—0.265 RU 2750 
Malleable cast iron pearlitic............ 0.264 nies) 2750 
Nodular iron ............... see 0.257. ase o tte 2050-3150 
Wrought iron ..................eeeeeee (0:28. | aste toes 2750 
0.115 (122-212) 
0.06 C, 0.38 Mn woes 0.2844 0.264 (1292-1382) 2600 
0.116 (122-212) 
0.23 C, 0.35 Mn sse 0.2839 0.342. (1292-1382) 2600 
0.116 (122-212) 
0.43 C, 0.69 Mn oo 0.2834 0.227 (1292-1472) 2600 
0.116 (122-212) 

1.22 C, 0.35 Mn wees 0.2839 0.499 (1292—1382) 2600 
Carbon—¥2 Mo .............. sse (28. RAA EAE UNE 2600—2800 
1% Cr-Y% Mo.. 0.283 0.114 (122-212) 2600-2800 
274 Cr-1 Mo... 0.283 0.11 2600—2800 
5 Cr-¥% Mo.. 0.28 0.11 2700-2800 
9 Cr-1 Mo... - 0.28 0.11 2700-2800 
31596 Ni steel... 0.28 CTIS- (212) | areren 
Type 304 wrought ......................... 0.29 0.12 (32-212) 2550-2650 
CF-8 cast " 0.28 0.12 2600 
Type 316 wrought... 0.29 0.12 (32-212) 2500-2550 
CF-8M cast... 0.28 0.12 2550 
Type 321 wrought. 0.29 0.12 (32-212) 2550-2600 
Type 347 wrought. 0.29 0.12 (32-212) 2550-2660 
CF-8C cast........... 0.28 0.12 2550-2600 
405 wrought . 0.28 0.11 2700-2790 
CA15 cast..... 0.275 0.11 2750 
410 wrought . a 0.28 0.11 2700-2790 
446 wrought niinniin 0.273 0.144 2550-2750 
CESO CASE: co cipes 0.272 0.12 2725 
Aluminum 1100.. s 0.098 0.23 (212) 1190-1215 
Aluminum 6061 ................. sess 0.098 0.23 (212) 1080-1200 
Aluminum 4043 .................. sess 0.097 0.23 (212) 1065-1170 
Aluminum 356.... PT 0.097 0.23 (212) 1035-1135 
Copper (DHP) ................ see 0.323 0.092 1981 
Red brass (wrought)........................ 0.316 0.09 1810-1880 
Yellow brass (wrought)... 0.306 0.09 1660-1710 
Admiralty brass (wrought)... 0.308 0.09 1650-1720 
Manganese bronze (wrought) ......... 0.302 0.09 1590-1630 
Cupronickel (70-30) (wrought)...... 0.323 0.09 2140-2260 
Aluminum bronze (3) (wrought).... 0.281 0.09 1910-1940 
Beryllium copper (wrought) 0.297 0.10 (86-212) 1587-1750 
Chemical lead 0.4097 0.0309 618 
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TABLE A3.3 Some Physical Properties of Piping Materials (Continued) 


Specific heat, Melting 
Density, mean temperature, ** 
Material Ib/in** (temperature, °F) °F 

50/50 Sn Pb solder........................... 0.321 0.046 361-421 
Nickel (A) (wrought) ....................... 0.321 0.13 2615-2635 
Monel (70 Ni-30 Cu) (wrought)... 0.319 0.127 2370-2460 
Inconel (Wrought) ............................ 0.307 0.11 2540-2600 
Incoloy (wrought) ............................ 0.290 0.12 2540-2600 
Hastelloy B (wrought) 0.334 0.091 2410-2460 
Hastelloy C (wrought) 0.323 0.092 2320-2380 
TFI E 0.26 0.0534 449.4 
Titanium (99.0%) ................ sss. 0.163 0.125 3002-3038 
Tantalum:....... tette 0.600 0.034 5425 


* ]b/i? = 2.76798 X 10? kg/cm? 
***C = (CF — 32)/1.8. 
Source: Reprinted with permission from SAE J 933 ©1989. Society of Automotive Engineers, Inc. 


Other Metallurgical Properties of Metals 


In addition to the properties already described, other characteristics of metals can 
have an important effect on the design process. These may profoundly affect the 
uniformity, achievable level, or stability of mechanical strength and ductility over 
long periods of usage. 


Grain Size. Upon solidification from the molten state, metals take crystalline 
form. Rather than a single, large crystal, the material consists of many small crystals 
that initiate independently and nearly simultaneously from separate nuclei sites. 
These individual crystals are called grains, and their outer surfaces are called 
grain boundaries. Grains form initially 
during the solidification process, but 
they may also reform, grow, or rearrange A 
while in the solid state. 

Some properties of many engineering 
metals are very dependent on grain size 
(Fig. A3.15). For example, austenitic 
stainless steels, such as Type 304 (1896 
Cr-8% Ni-Fe), possess excellent creep 
strength when the material has a coarse N 
grain structure, but very poor strength 
with fine (small) grains. 

If this same austenitic material is plas- F IGURE A3.15 Sketch illustrating individual 
tically cold-worked, these grains will be- grain growth from nuclei and dendrites. 
come distorted and possess high levels 
of lattice strain and residual stress. Subsequent heat treatment can cause the crystal 
lattice to reform unstrained grains initiating at lattice defects which act as nuclei. 
The process, called recrystallization, results in an initially very small grain size as 
the nucleated stress-free grains begin to grow. If heavily strained material is placed 
into elevated temperature service at temperatures sufficient to cause recrystalliza- 
tion, it will initially exhibit good creep strength until the grains begin to reform, 
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upon which the result is very poor creep rupture strength. The material will only 
return to its prestrained creep-strength level if additional heat treatment is per- 
formed, resulting in further grain growth. 

Grain size is a material characteristic that is sometimes directly inspected in the 
base material testing and certification process. The test entails retrieving a piece 
of the material and then metallographically polishing and etching the specimen 
with a weak acid solution, which reveals the grain boundaries under magnification. 
The test is described in ASTM Specification E 112. Grain size can be measured 
andreported a number of ways. The most commonly used method involves reporting 
grain size as an ASTM grain size number (n), corresponding to the exponent of 
the following equation: 


Number of grains per square inch viewed — 2" at 100 magnifications 


ASTM has correlated this grain size number, which increases as grain diameter 
decreases, to a series of photographs representing the grain structure at 100 magnifi- 
cations. The grain size number can then be estimated by visual comparison. Exam- 
ples of this comparative standard are shown in Fig. A3.16. 

Fine-grained carbon- and low-alloy steels tend to possess better notch toughness 
and ductility than coarse-grained steel. As noted earlier, as operating temperature 
increases into the creep regime, engineering material strength properties are usually 
enhanced with coarser grains. Although this is an oversimplified (and perhaps 
overstated) rule of thumb, it is important for the engineer to take grain size into 
account for critical structures. 


Hardenability. This is a property of certain steels that allows them to be strength- 
ened, or hardened, by heat treating. In carbon and alloy steels, for example, this 
hardening is accomplished by heating the material to a temperature above about 
1550°F (843°C), where the material completely changes its crystal structure from 
BCC to FCC. When this is followed by rapid cooling or quenching, usually in water 
or oil, the result is a crystal structure akin to the original BCC, but distorted along 
one of the unit cell directions. In the case of steels the result is a martensitic structure 
possessing a lattice, termed a body-centered tetragonal (BCT), with a larger volume 
per unit cell than the starting BCC. 

The maximum hardness achieved in a quenched structure is primarily a function 
of the steel’s carbon content: the higher the carbon content, the greater the hardness. 
The depth into the material to which a high hardness is achieved for a given 
quenching operation is a function of the total alloy content within the steel. The 
substitutional alloying element nickel has perhaps the strongest effect on increasing 
the depth to which hardness extends? Other elements creating similar if less potent 
effects are manganese and boron, substitutional and interstitial alloying ele- 
ments, respectively. 

Standard specimens and procedures have been adopted for testing the harden- 
ability of steels. The test rates a combination of the highest hardness achievable 
and the depth to which significant elevation of hardness occurs. It is called the 
Jominy End-Quench test and is performed using a 1-in-diameter cylindrical specimen 
machined from the metal in question and heated to a temperature in its austenitic 
phase (FCC) region. The heated specimen is removed from the heating oven and 
quickly set in a water-quenching fixture, operating under prescribed conditions of 
water temperature and flow rate, quenching only the cylinder end face. Upon 
cooling, the cylinder is parted longitudinally (axially) down the center, and a series 
of Rockwell hardness readings are taken from the quenched edge. A hardness scan 
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FIGURE A3.16 ASTM grain size charts for classification of steels. 100 magnifications. (Reproduced 
by permission of ASTM.) 


for several alloy steels is shown in Fig. A3.17. The Jominy test procedure is defined 
in ASTM A 255. 

Many other metal alloys harden or strengthen with special aging or tempering 
heat treatments. However, this trait is normally not referred to as hardenability. 
These will be discussed in more detail later in the chapter. 


Property Stability. The mechanical properties of materials may degrade with 
service time. In particular, alloys that depend on heat treatment or cold working 
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for various 0.40 percent carbon steels. (Molybdenum Steels 
Iron Alloys, Archer et al., Climax Molybdenum Company.) 


to develop their strength may weaken if operated for long times at elevated tempera- 
tures. The actual exposure to service temperatures acts as a continuation of the heat- 
treating process, albeit at a significantly reduced rate of effect. In many engineering 
metals, this effect is actually a property degradation due to overtempering of the 
material. 

A number of thermodynamic relationships exist that relate material strength 
and time and temperature of exposure for carbon and alloy steels. The most famous 


and widely used of these is the Hollomon-Jaffe Parameter (HJP). It is defined as 
the following: 


HIP = (T + 273)(C + logt) x 1077 (A3.3) 


where T is temperature in degrees Celsius, ¢ is time in hours, and C is a constant, 
usually around 20 for carbon steels.‘ Using this equation and solving for HJP for 
a given set of time and temperature conditions, the engineer can determine the 
time at a different temperature of interest that can result in an equivalent metallurgi- 
cal effect. 

A limitation exists on the range of temperatures over which the predictive 
capability of the Holloman-Jaffe equation can be considered reliable. Phenomino- 
logically, the same metallurgical processes must be in effect over the range of 
temperatures under consideration. For example, if a phase change occurs, or if 
other important microstructural constituents, such as carbides, are not stable at the 
two temperatures being compared, the correlation is not valid. 
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Design codes using allowable design stresses based on creep properties of the 
metals, by the nature of the long-term rupture tests involved, take these degrading 
tendencies into account. However, it is not always appreciated that the time-depen- 
dent properties, such as ultimate tensile strength and yield strength, can be decreased 
significantly below the starting property level by the same long-term service. This 
fact would be important to an engineer concerned with designing a high-temperature 
structure that must tolerate shock loads, such as seismic effects, that can occur near 
the end-of-life of the component. 

More on degradation of properties and the mechanisms involved is discussed 
later in this chapter. 


METALLIC MATERIALS 


Metals are divided into two types: ferrous, which includes iron and iron-base alloys; 
and nonferrous, covering other metals and alloys. Metallurgy deals with the extrac- 
tion of metals from ores and also with the combining, treating, and processing of 
metals into useful engineering materials. This section presents the fundamental 
metallurgical concepts and practices associated with the most common engineering 
metals, and outlines metallurgical considerations appropriate in the selection process 
of metals for piping system construction. 


Ferrous Metals 


Metallic iron, one of the most common of metals, is very rarely found in nature in 
its pure form. It occurs in the form of mineral oxides (Fe;O; or Fe;O,), and as such 
it comprises about 6 percent of the earth's crust. The first step in the production 
of iron and steel is the reduction of the ore with coke and limestone in the blast 
furnace. In this process, the oxygen is removed from the ore, leaving a mixture of 
iron and carbon and small amounts of other elements as impurities. Coke is the 
reducing element and source of heat. The limestone (CaCO;) acts as a fluxing agent 
which combines with impurities of the ore in the molten state and floats them to 
the top of the molten metal pool, where they can be removed as slag. The product 
removed from the blast furnace is called pig iron and is an impure form of iron 
containing about 4 percent carbon by weight percent. Liquid pig iron cast from the 
blast furnace is sometimes used directly for metal castings. More often, however, the 
iron is remelted in a cupola, or furnace, to further refine it and adjust its composition? 


Cast Iron 


Pig iron that has been remelted is known as cast iron, a term applicable to iron 
possessing carbon in excess of 2 weight percent. Compared with steel, cast iron is 
inferior in malleability, strength, toughness, and ductility. On the other hand, cast 
iron has better fluidity in the molten state and can be cast satisfactorily into compli- 
cated shapes. It is also less costly than steel. The most important types of cast iron 
are white and gray cast irons. 

White cast iron is so known because of the silvery appearance of its fracture 
surface when broken. In this alloy, the carbon is present in the form of iron carbide 
(Fe;C), also known as cementite. This carbide is chiefly responsible for the high 
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hardness, brittleness, and poor machineability characteristic of white cast iron. 
Chilled iron, a form of white cast iron, is cast against metal chills that cause rapid 
cooling, promoting the formation of cementite. Consequently, a structure is obtained 
which possesses high wear- and abrasion-resistance, the principal attribute of the 
material, but retains white cast iron's characteristic brittleness. 

Malleable cast iron is the name given to white cast iron that has been heat- 
treated to change its cementite into nodules of graphite. The iron becomes more 
malleable because, in this condition, the carbon as carbide no longer exists continu- 
ously through the metal matrix. 

Gray iron is a widely used type of cast iron. In this alloy, the carbon predominantly 
exists in the form of graphite flakes. The typical appearance of a fracture of this 
iron is gray since the graphite flakes are exposed. The strength of gray iron depends 
on the size of the graphite particles and the amount of cementite formed together 
with the graphite. The strength of the iron increases as the graphite crystal size 
decreases and the amount of cementite increases. This material is easily machined. 
A wide range of tensile strengths can be achieved by alloying gray iron with elements, 
such as nickel, chromium, and molybdenum. 

Another member of the cast-iron family is so-called ductile iron. It is a high- 
carbon magnesium-treated product containing graphite in the form of spheroids. 
Ductile iron is similar to gray cast iron in machineability, but it possesses superior 
mechanical properties. This alloy is especially suited for pressure castings. By special 
procedures (casting against the chill) it is possible to obtain a carbide-containing, 
abrasion-resistant surface with an interior possessing good ductility.° 


Steel 


Steel is defined as an alloy of iron with not more than 2.0 weight percent carbon. 
The most common method of producing steel is to refine pig iron by oxidation of 
impurities and excess carbon, which have a greater affinity for oxygen than iron. 

The principal reduction methods used are the basic oxygen process (BOP) and 
the electric furnace process, each representing a type of furnace in which the refining 
takes place. The BOP primarily uses molten pig iron as the initial furnace charge; 
the electric furnace can use a charge of selected steel scrap. Another process, called 
the basic open-hearth process, is no longer in use in the United States. Although 
it constituted the major steel producing process for decades, it has succumbed to 
the more advanced and economical BOP and electric furnaces.* 

The pig iron is reduced to the desired steel composition through use of acid 
and/or basic reactions with fluxing agents, heat, oxygen, and time. Excess carbon 
is oxidized and lost as gas; impurities float to the surface. Often desired alloying 
elements are added to the molten pool. The steel can be further refined by using 
one of various methods of vacuum degassing. As the name suggests, the molten 
steel is passed through a vacuum chamber with the purpose of removing entrained 
gases such as oxygen, hydrogen, and carbon dioxide. This operation is performed 
when extra steel purity is desired, and it results in improved and more uniform 
properties in the final product form. 

The molten steel is then cast into molded ingots, which are then further reduced 
by hot working in rolling and drawing operations. Alternately, the molten steel 
may be directly cast into continuous smaller billet or hollow products. The latter 
process is called continuous casting and has become the preferred method of making 
steel since it avoids the costly ingot reduction operations. 

Alloying additions are made, if required, to the molten steel either while in the 
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reducing furnace as already noted, in the ladle into which the steel is put, or in the 
ingot into which steel is poured from the ladle. 

While the steel is molten in the furnace, oxygen is forcibly injected into it to 
refine the charge. The oxygen combines with excess carbon and is released as a 
gas. Excess oxygen is, however, unavoidably left in the molten steel. This results 
in the formation of oxide inclusions in the steel, or porosity, which appear upon 
solidification. The process of removing the oxygen is known as deoxidizing practice. 
Deoxidation is achieved by adding silicon, aluminum, or other deoxidizing agents 
to the molten steel, the amount of which determines the degree of deoxidation and 
the type of steel seated. The common names given to these various steel types are 
killed steel, semikilled steel, and rimmed steel. 

Steel of the killed type is deoxidized almost completely; that is, sufficient deoxi- 
dizing agent is added to the molten pool to combine with all the excess entrained 
oxygen. The result is a large number of tiny oxides in the melt. The lack of gas in 
the molten pool gives the effect of “killing” any visible bubbling activity of the 
steel, thus the name. Killed steel has a more uniform composition than any of the 
other types, and usually possesses the best formability at room temperature. A fine- 
grained structure results from this practice because the many oxides formed act as 
initiation sites of new grains upon solidification and subsequent recrystallization. 
This fine-grained character offers toughness superior to the other types of steel. 

Rimmed steel employs no purposeful addition of deoxidizing agents, and is 
characterized by relatively violent bubbling and stirring action in the ingot mold. 
This type exhibits a marked variation in composition across and from top to bottom 
of the ingot. The outer rim or outer edge of the solidified ingot is relatively pure 
and ductile material. The amounts of carbon, phosphorous, sulfur, and nonmetallic 
inclusions in this rim are lower than the average composition of the whole ingot. 
The amount of these constituents in the inner portion or core is higher than the 
ingot average. This type of steel costs less to make than the other types and is 
widely used for structural applications, where good surface appearance of the final 
product is desired. 

Semikilled steel is only partially deoxidized with silicon, aluminum, or both, 
taking advantage of the positive attributes of killed and rimmed steel. 

After casting, or teaming into the ingot molds, the steel is normally further 
reduced in size and modified in shape by mechanical working. The majority of the 
reduction process is done hot. During hot working, sufficient heat is maintained to 
ameliorate the working effects and maintain a structure that is relatively soft and 
ductile throughout the reduction process. 

The steel in the form of ingot, slab, bar, or billet is first brought to the proper 
temperature throughout and is then passed through rolls or dies. The flow of metal 
is continuous and preferentially in one (longitudinal) direction. The cross-sectional 
area is reduced, and the metal is shaped the desired form. The internal structure 
of the steel is also favorably affected. The working reduces the grain size of the 
material, and tends to homogenize the overall structure, compared with cast or 
unworked steel. 

Processes used to manufacture pipe and tube are addressed in another chapter. 


PHYSICAL METALLURGY OF STEEL 


Like all other metals, iron and steel are crystalline in structure, composed of atoms 
in a fixed lattice. As noted earlier, iron may exist in one of two cubic forms, body- 
centered (BCC) or face-centered (FCC). 
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At room temperature, pure iron is composed of a body-centered cubic lattice. 
In this form it is known as alpha iron, also called ferrite, which is soft, ductile, and 
magnetic. When heated above about 1415°F (768°C), alpha iron loses its magnetism 
but retains its body-centered crystalline structure. This temperature is called the 
Fermi temperature. 'The crystal structure changes to face-centered cubic at about 
1670°F (910°C), at which temperature alpha iron is transformed to gamma iron, 
the FCC form, and remains nonmagnetic. As temperature rises further, another 
phase change occurs at 2570°F (1410°C), when delta iron is formed. This phase is 
again body-centered like that of the low-temperature alpha iron. It is stable to the 
melting temperature. In cooling very slowly from the liquid state, the phases reap- 
pear in reverse order. 

The solid-state transformations of atomic structure, which occur in pure iron 
during heating to and cooling from the melting point, are called allotropic changes. 
The temperatures at which these changes take place are known as transformation 
or critical temperatures. 

When carbon is added to iron and steel is produced, the same changes in phase 
occur, but a more complex relationship with temperature occurs. The effects of 
varying amounts of carbon content in iron on phase stability as temperature varies 
is represented in Fig. A3.18. This diagram is called an equilibrium phase diagram, 
and in this case is the very familiar iron-carbon (Fe-C) phase diagram. With this 
diagram, one can determine which stable phase the steel will assume at a 
given composition and temperature. Likewise, the effect of increasing or decreas- 
ing the amount of carbon content in iron on these critical temperatures can be pre- 
dicted. 

Phase diagrams are plotted in weight or atomic percent (horizontal axis) versus 
temperature (vertical axis). A single-phase region usually represents an area of 
high concentration of a single element, or an intermetallic single phase stable over 
a range of composition and temperature. Between these single-phase regions are 
regions where multiple phases coexist, in relative amounts at any given temperature 
approximated by the proximity of the specific composition to the single-phase 
regions. On the Fe-C diagram, single-phase regions are represented by those marked 
as alpha, gamma, and delta, and Fe;C or cementite, which is a stable intermetal- 
lic phase. 

The critical transformation temperatures in steel are the A,, corresponding to 
about 1335°F (724°C), and A; referred to as the lower and upper critical temperatures 
of steel. The A; constitutes the boundary with the gamma phase, and its temperature 
varies with carbon content. The lower critical temperature, on the other hand, stays 
constant over the entire range of steel compositions. 

These critical temperatures, as well as the entire phase diagram, represent trans- 
formations that occur under controlled, very slow cooling and heating (i.e., equilib- 
rium) conditions. More rapid heating and cooling rates, like those encountered in 
normal steel processing, change these critical temperatures upward and downward, 
respectively. Additions of other alloying elements also will shift the critical transfor- 
mation points. 

It is the effective use by the metallurgist of the knowledge contained on this and 
similar phase diagrams that allows for the manipulation of properties of engineering 
materials by varying their chemistry and heat treatment. For steel, the principal 
phases and their properties are briefly summarized in the following list: 


Austenite: A single-phase solid solution of carbon in gamma iron (FCC). It exists 
in ordinary steels only at elevated temperatures, but it is also found at room 
temperatures, but it is also found at room temperature in certain stainless steels 
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FIGURE A3.18 Iron-carbon equilibrium diagram. 


(e.g., 18 Cr-8 Ni type) classified as austenitic stainless steels. This structure has 
high ductility and toughness. 


Ferrite: Alpha iron (BCC), containing a small amount of carbon (0.04-0.05 
percent) in solid solution. This phase is soft, ductile, and relatively weak. 


Cementite: Iron carbide, Fe;C, a compound containing 6.67 percent carbon, 
which is very hard and extremely brittle. Cementite appears as part of most 
steel structures, the form of which depends on the specifics of the heat treatment 
which the steel has received (see pearlite). 


Pearlite: A mixture of alternating plates of iron carbide (cementite) and ferrite 
(lamellar structure), which form on slow cooling from within the gamma range. 
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This condition generally represents a good blend of strength, ductility, and fair 
machineability. It is the equilibrium structure in steel. 


Bainite: A mixture of ferrite and cementite, which is harder and stronger than 
pearlite. It forms by the transformation of austenite in many steels during fairly 
rapid cooling, but not fast enought to cause martensite formation. The structure 
consists of ferrite and iron carbide, but unlike pearlite, the aggregate is nonla- 
mellar. 


Martensite: 'The hardest constituent achievable by heat-treating of steels, it is 
formed by the rapid cooling of austenite to a temperature below the martensite 
start or M, temperature. Martensite consists of a distorted cubic unit cell (body- 
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centered tetragonal) which contains substantial quantities of carbon in interstitial 
solution in the lattice. The M, temperature varies with steel composition. 


These latter two microstructural constituents, bainite and martensite, will not 
be found on the Fe-C phase diagram because they are the direct result of cooling 
steel at an accelerated rate, which prevents atomic diffusion required to maintain 
equilibrium conditions. 

The effects of nonequilibrium cooling of a steel are represented on an isothermal 
transformation diagram, or a time-temperature transformation (T-T-T) diagram. An 
example of each is shown in Fig. A3.19. The horizontal axis of the diagram is time, 
usually log scale; the vertical axis is temperature. A single diagram represents a 
given steel alloy composition and depicts the various equilibrium and nonequilib- 
rium phases that will be formed, and their mix, with a given cooling rate from a 
starting temperature in the austenitic phase region. The diagram is used by entering 
it at the alloys temperature at time = 0, represented as a point of the vertical axis. 
The cooling rate describes the time/temperature path taken by the material from 
the starting point, through the field of transformation phases, to the final point of 
sample cooling. The metallurgical phases or constituents in the final state can thus 
be predicted. The continuous path followed between the two points also has a 
bearing on final microstructure. The T-T-T diagram is similar to the equilibrium 
phase diagram in that single and multiple phase fields are depicted. However, it 
differs from the equilibrium diagram in that it is a dynamic representation of phase 
formation with time. Thus quickly cooling to a given temperature above the M, 
will result, for example, in coexistence of austenite, ferrite and, cementite (A, F, 
and C on the figure). However, as time progresses at that temperature, the austenite 
continues to decompose into more ferrite and cementite, until complete transforma- 
tion is achieved. Cooling to below the M, temperature causes tranformation to 
martensite. If the path of cooling had intersected the “nose” of the T-T-T curve, 
some ferrite will form and be combined with the martensite in the final microstruc- 
ture, since martensite can only be formed by quenching austenite. The ferrite that 
formed on cooling is stable and unaffected by further cooling. 


ALLOYING OF STEEL 


The alloying of carbon steel with other elements to obtain a wide range of desired 
properties is a mature science. The following summarizes the known effects of 
adding certain elements to steel": 


Carbon: In general, increasing the carbon content of steel alloys produces higher 
ultimate strength and hardness but may lower ductility and toughness. Carbon 
also increases air-hardening tendencies and weld hardness. In low-alloy steel 
for high-temperature applications, the carbon content is usually restricted to a 
maximum of about 0.15 percent in order to assure optimum ductility for welding, 
expanding, and bending operations. An increasing carbon content lessens the 
thermal and electrical conductivities of steel. 

Phosphorus: High phosphorus content has an undesirable effect on the proper- 
ties of carbon steel, notably on shock resistance and ductility (see the section 
on temper embrittlement). Phosphorus is effective, however, in improving ma- 
chineability. In steels, it is normally controlled to less than 0.04 weight percent. 


Silicon: Used as a deoxidizing agent, silicon increases the tensile strength of 
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steel without increasing brittleness when limited to less than about 2 percent. 
Silicon increases resistance to oxidation, increases electrical resistivity, and de- 
creases hysteresis losses. Thus it is used for electrical applications. Adding silicon 
may reduce creep rupture strength. 


Manganese: Manganese is normally present in all commercial steels. The manga- 
nese combines with sulfur, thus improving hot-working characteristics. In alloy 
steels, manganese decreases the critical cooling rate to cause a hardened or 
martensitic structure and thus contributes to deep-hardening. 


Nickel: As an alloying element in alloy steels, nickel is a ferrite strengthener 
and toughener and is soluble in all proportions. Nickel steels are easily hardened 
because nickel lowers the critical cooling rate necessary to produce hardening 
on quenching. In heat-treated steel, nickel increases the strength and toughness. 
In combination with chromium, nickel produces alloy steels possessing higher 
impact and fatigue resistance than can be obtained with straight carbon steels. 


Chromium: As an alloying element in steel, chromium is miscible in iron as a 
solid solution, and forms a complex series of carbide compounds. Chromium is 
essentially a hardening element and is frequently used with a toughening element 
such as nickel to produce superior mechanical properties. At higher tempera- 
tures, chromium contributes increased strength and is ordinarily used in conjunc- 
tion with molydenum. Additions of chromium significantly improve the elevated 
temperature oxidation resistance of steels. 


Molybdenum: In steel, molybdenum can form a solid solution with the iron and, 
depending on the molybdenum and carbon content, can also form a carbide. A 
deeper hardening steel results. The molybdenum carbide is very stable and is 
responsible for matrix strengthening in long-term creep service. 


Vanadium: This element is one of the strong carbide formers. It dissolves to 
some degree in ferrite, imparting strength and toughness. Vanadium steels show a 
much finer grain structure than steels of a similar composition without vanadium. 


Boron: Boron is usually added to steel to improve hardenability; that is, to 
increase the depth of hardening during quenching. 


Aluminum: Aluminum is widely used as a deoxidizer in molten steel and for 
controlling grain size. When added to steel in controlled amounts, it produces 
a fine grain size. 


Sulfur: Present to some degree in all steel (less than 0.04 weight percent), sulfur 
forms a nonmetallic inpurity that, in large amounts, results in cracking during 
forming at high temperatures (hot shortness). Combining it with managanese 
forms a MnS compound that is relatively harmless. 


Copper: Copper dissolves in steel and strengthens the iron as a substitutional 
element. The use of copper in certain alloys increases resistance to atmospheric 
corrosion and increases yield strength. However, excessive amounts of copper 
(usually above 0.3 percent are harmful to elevated temperature performance 
since the lower melting point element segregates to grain boundaries and locally 
melts (liquates), causing intergranular separation under applied stress. 


In general, when used in combination, alloying elements may complement each 
other and give greater overall benefits than when used singly in much larger quan- 
tities. 
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CLASSIFICATION OF STEELS 


There are literally hundreds of wrought grades of steel that range in composition 
with the variation of the many major and minor alloying elements. The simplest 
of these classes is known as plain carbon steel, with carbon varying between approxi- 
mately 0.05 and 1.0 weight percent. Within this broad range fall three general groups 
according to carbon content; they are defined as follows: 


1. Low carbon steels—0.05 to 0.25 percent carbon 
2. Medium carbon steels—0.25 to 0.50 percent carbon 
3. High carbon steels—0.50 percent and greater carbon content 


Alloy steels are generally considered to be steels to which one or more alloying 
elements, other than carbon, have been added to give them special properties that 
are different than those of straight carbon steels. From the standpoint of composi- 
tion, steel is considered to be an alloy steel when amounts of manganese, silicon, 
or copper exceed the maximum limits for the carbon steels, or when purposeful 
addition of minimum quantities of other alloying elements are added. These could 
be chromium, molybdenum, nickel, copper, cobalt, niobium, vanadium, or others. 

The next higher class of alloyed steel useful to the piping industry is ferritic and 
martensitic stainless steels. These are steels alloyed with chromium contents above 
about 12 percent. Because of the chromium, these materials possess good corrosion 
resistance. They retain a ferritic (BCC) crystal structure, allowing the grades to be 
hardened by heat treatment. 

When sufficient nickel is added to iron-chromium alloys, an austenitic (FCC) 
structure is retained at room temperature. Austenitic stainless steels possess an 
excellent combination of strength, ductility, and corrosion resistance. These steels 
cannot be hardened by quenching, since the austenite does not transform to mar- 
tensite. 

A stronger type of stainless steel has been developed which takes advantage of 
precipitation reactions within the metal matrix made possible by addition of ele- 
ments such as aluminum, titanium, copper, and nitrogen. These materials are re- 
ferred to as precipitation—hardenable stainless steels. Both martensitic and austen- 
itic stainless steels can be enhanced in this manner. 

As annealed, these materials are soft and readily formed. When fully hardened, 
through aging heat treatments, they attain their full strength potential. 


STEEL HEAT-TREATING PRACTICES 


Various heat treatments can be used to manipulate specific properties of steel, such 
as hardness and ductility, to improve machinability, to remove internal stresses, or 
to obtain high strength levels and impact properties. The heat treatments of steel 
commonly employed—annealing, normalizing, spheroidizing, hardening (quench- 
ing), and tempering—are briefly described in the following paragraphs.’ 


Annealing 


Several types of annealing processes are used on carbon and low-alloy steel. These 
are generally referred to as full annealing, process annealing, and spheroidizing an- 
nealing. 
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In full annealing, the steel is heated to just above the upper critical (A;) tempera- 
ture, held for a sufficient length of time to fully austenitize the material structure, 
and then allowed to cool at a slow, controlled rate in the furnace. The microstructure 
of fully annealed low-carbon steel consists of ferrite and pearlite. A full anneal 
provides a relatively soft, ductile material, free of internal stresses. 

Process annealing sometimes referred to as stress-relieving, is carried out at 
temperatures below the lower critical (A;) temperature. This treatment is used to 
improve the ductility and decrease residual stresses in work-hardened steel. 

The usual purpose of spheroidizing is to soften the steel and improve its machin- 
ability. Heating steel that possesses a pearlite microstructure for a long time at just 
below the lower critical temperature, followed by very slow cooling, will cause 
spheroidization. This is an agglomeration of the iron carbide, which eventually 
assumes a spheroidal shape. The properties of this product normally represent the 
softest condition that can be achieved in the grade of steel being heat-treated. 

The austenitic stainless steels are annealed differently from carbon steels. First, 
since they posses a fully austenitic structure, the temperature used is not related 
to a critical transformation temperature. Rather, the intent of the annealing is to 
remove residual strain in the lattice, recrystallize the metal grains, and to dissolve any 
iron and chromium carbides that may exist in the matrix material. The temperature 
selected is usually at or above 1900°F (1038°C). Second, the cooling rate from 
the annealing temperature is normally as rapid as possible. This suppresses the 
reformation of carbides at the austenitic grain boundaries during cooling. Formation 
of grain boundary carbides results in local depletion of chromium in the matrix in 
the vicinity of the carbides, rendering this thin band of material susceptable to 
attack in a number of corrosive media. This susceptible condition is referred to as 
sensitization, and the resultant corrosion is termed intergranular attack. 

The temperature range in which carbides are most apt to form in austenitic 
stainless steels is between about 850 and 1500°F (454 and 816°C). Slow cooling 
through or holding in this zone will sensitize the steel. The degree of sensitization 
that will occur can be greatly reduced by adding small amounts of elements that 
possess a stronger tendency to form carbides than the chromium. Two such elements, 
niobium and titanium, are added to form the so-called stabilized austenitic stainless 
steels. Alternately, the carbon content can be held as low as possible, thereby 
resulting in as few carbides as possible. These are termed the L grade stainless steels. 

Ferritic and martensitic stainless steels will also be adversely affected by slow 
cooling from annealing temperatures. When slow cooled, or held in the temperature 
range of 750 to 950°F (400 to 510°C), these materials embrittle (see discussion on 
“474°C” embrittlement). 


Normalizing 


This carbon and low-alloy steel heat treatment is similar to the annealing process, 
except that the steel is allowed to cool in air from temperatures above the upper 
critical temperature. Normalizing relieves the internal stresses caused by previous 
working. While it produces sufficient softness and ductility for many purposes, 
it leaves the steel harder and with higher tensile strength than after annealing. 
Normalizing is often followed by tempering. 


Hardening (Quenching) 


When steels of the higher-carbon grades are heated to produce austenite and then 
cooled rapidly (quenched), the austenite transforms into martensite. Martensite is 
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formed at temperatures usually below about 400°F (204°C), depending on the carbon 
content and the type and amount of alloying steel. It is the hardest form of heat- 
treated steel and has high strength and resistance to abrasion. Martensitic steels 
have poor impact strength and are difficult to machine. 


Tempering 


Tempering is a secondary heat treatment performed on some normalized and almost 
all hardened steel structures. The object of tempering is to remove some of the 
brittleness by allowing certain solid-state transformations to occur. It involves heat- 
ing to a predetermined level, always below the lower critical temperature, followed 
by a controlled rate of cooling. In most cases tempering reduces the hardness of 
the steel, increases its toughness, and eliminates residual stresses. The higher the 
tempering temperature used for a given time, the more pronounced is the property 
change. Some steels may become embrittled on slowly cooling from certain temper- 
ing temperatures. Steels so affected are said to be temper-brittle. To overcome this 
difficulty, steels of that type are cooled rapidly from the tempering temperature. 
Temper embrittlement is covered elsewhere in this chapter. 


DEGRADATION OF MATERIALS IN SERVICE 


A number of metallurgically based processes can occur in steels which contribute 
to loss of engineering strength, and even premature failure. Several of these are 
addressed in the following paragraphs. 


Aging of Properties 


A number of steels that have accumulated considerable service time are known 
to have experienced changes in their properties, usually to their detriment. This 
phenomenon has been called aging, and occurs in materials that are heat-treated or 
cold-worked to achieve high strength levels and to be used at elevated temperatures. 
These materials are potentially more susceptible to failure after the condition 
has developed. 

“Aging” in this case should not be confused with the same term used to represent 
the purposeful heat treatment performed to some types of nonferrous alloys. In the 
context being addressed here, aging refers to that normally very slowly progressing 
metallurgical reaction that occurs in a number of alloys while at operating tempera- 
tures for extended periods of time. Some specific types of this behavior (i.e., temper 
embrittlement and “885” embrittlement) are addressed in the paragraphs that 
follow. 

Components that experience considerable service time contain materials that 
have aged with time. The materials of special interest are those that regularly 
experience higher operating temperatures; for example, ferritic steels above 900°F 
(482°C) and austenitic stainless steels at or above 1000°F (538°C). A study sponsored 
by the ASME Boiler and Pressure Vessel Code attempted to identify and quantify 
these effects. The effort was the result of concerns for near end-of-life seismic 
loadings in elevated-temperature nuclear boilers. 

Data gathered from a number of sources have shown that the room and elevated 
temperature yield strengths of both ferritic and austenitic steels may degrade after 
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long exposure times. Ultimate tensile strength is affected, but to a lesser degree. 
The yield strength reductions can amount to as much as 40 percent in ferritic and 
20 percent in austenitic steels. 

Creep tests have also been run after long-term (e.g., 10,000 h) static exposure 
to elevated temperatures. No substantial negative effect on creep properties were 
noted in these tests. 

In the case of ASME Boiler and Pressure Vessel Code and ASME B31.1 Power 
Piping Code design and construction, the degradation of yield strength does not 
generally violate or invalidate the conservatism built into their design rules, as 
manifest by the allowable design stresses. For example, in Section 1 of the ASME 
Boiler Code, addressing design and construction of power boilers, the material 
design allowable stresses for wrought materials are established by applying the 
following factors to base material properties. The lowest calculated value of all the 
following is assumed as the design allowable stress at a given temperature: 


* % specified minimum tensile strength at room temperature 

* 75 specified minimum yield strength at room temperature 

e % tensile strength at the temperature of interest above room temperature 
* 75 yield strength at the temperature of interest above room temperature 
* 67 percent of the average stress to cause rupture in 100,000 h 

* 80 percent of the minimum stress to cause rupture in 100,000 h 

* 100 percent of the stress to produce 0.01 percent strain in 1000 h 


In this manner, short-term properties, stress rupture strength, and creep rate 
are all taken into account. Typically, at the lower end of the temperature use range, 
the factored tensile and yield strength controls, and at higher temperatures, the 
creep properties set the allowable stresses. 

Since most aging occurs at the higher temperatures, tensile and yield strength 
degradation does not normally cause concern. However, if large shock loads can 
occur late in component life (as is possible under seismic conditions), these short- 
term, time-independent properties can be critical to the components' continued 
safe operation. 

As an illustration of the effect reduced yield strength has on fatigue, consider 
that with a lower yield strength, more plastic strain will result from a given high 
thermal, or mechanically induced stress. Since these stresses are usually due to 
operational transients, stress reversals can occur during continued operation (i.e., 
temperature stabilization at steady state, or ultimately, component shutdown). The 
greater the plastic strain cycle, the greater the damage, and the sooner the failure. 

It is clear that as components experience increasing service time, they become 
less resilient to significant operational transients. That is, materials are less likely 
to withstand these transients than earlier in their life, not only because more cycles 
have continued to accumulate (toward an end-of-life limit), but also because material 
strength properties are degrading with time. 


Temper Embrittlement 


Temper embrittlement is a phenomenon that occurs in carbon and alloy steels when 
aged in the temperature range roughly between 660 and 1020°F (350 and 550°C). 
The property most significantly affected is toughness. The time in which this occurs is 
a function of the steel's chemical composition, heat treatment condition, fabrication 
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history, and service temperature. The most severe degradation occurs in weld 
regions. Due to the extensive use of Cr-Mo steels in the petrochemical and power 
boiler industries, most of the studies have concentrated on this family of materials. 

It has been recognized for some years that a steel's susceptibility to temper 
embrittlement is due to the existence and amount of the trace elements antimony 
(Sb), phosphorous (P), tin (Sn), and arsenic (As), with P and Sn having the greatest 
effect. Other elements that may contribute to reduced toughness are silicon, manga- 
nese, and copper. Beneficial effects can be gained by additions of molydbenum and 
aluminum. The obvious dependency of temper embrittlement severity and chemistry 
has led to the development of a number of embrittlement factors.’ 

Bruscato made the first attempt to combine the effects of various elements into 
a single factor, known as the embrittlement factor X, which is expressed as follows: 


l 
X = xg (10P + 5Sb +4Sn + As) (A3.4) 


The concentration of elements is in parts per million (ppm). 
Miyano and Adachi arrived at a J-factor defined as: 


J = (%Si) + (%Mn) x (%P) + (%Sn) x 104 (A3.5) 


Finally, Katsumata et al, asserted that the following embrittlement factor (E.F.) 
was appropriate for 2/4 Cr-1Mo and 3 Cr-1Mo steels. 


E.F. = (%Si) + (%Mn) + (%Cu) + (%Ni)- Y 


l 
Y= Tao OP 5Sn + Sb + As) (in ppm) 


Y= zog (IOP + 5Sn + Sb + As) (in ppm) 

All of these are useful in assessing the relative susceptibility of various steel 
compositions to temper embrittlement. In all cases, the larger the factor, the more 
susceptible the particular heat of steel is to embrittlement. 

The type of heat treatment applied to the materials may also affect a material's 
susceptibility to temper embrittle. For example, a number of experimenters have 
confirmed that 2% Cr-1 Mo alloy steels’ susceptibility increases as austenitizing 
temperature used during its heat treatment increases. Inversely, susceptibility is 
lowest after an intercritical hold, at a temperature between the lower and upper 
critical temperature (Ac, and Ac;, respectively). This effect is believed to be associ- 
ated with the grain size achieved during the hold time, a larger grain being more 
detrimental. Although intercritically treated materials are less susceptible to temper 
embrittlement, they are weaker in the as-heat-treated condition. 

In a parallel fashion, the degree of embrittlement, as measured by loss of tough- 
ness or shift of nil ductility temperature, is decreased if the material is more substan- 
tially tempered prior to the embrittling treatment. In this context, “tempered” 
represents the planned heat treatment that typically follows a normalizing or austeni- 
tizing and rapid quenching operation. A longer or higher temperature temper results 
in a softer, less strong, and more ductile condition, usually accompanied by good 
fracture toughness. 

Luckily, the temper embrittled condition is reversible. Heat treatment for short 
periods of time at temperatures well above the upper critical will result in reestablish- 
ing nearly virgin properties in these materials. 
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Hydrogen Attack 


Hydrogen attack is one of the most important problems with materials used in 
ammonia synthesis, oil refining, and coal gasification equipment.’ 

The first major failure of an ammonia convertor attributable to hydrogen damage 
was in 1933. Since then more failures and untold damage to materials have accumu- 
lated, with the majority of damage occurring in the welds or weld heat-affected 
zones of these components. 

When carbon and low-alloy steels are held in hydrogen at high temperature and 
pressure for an extended period of time, these materials can suffer degrading effects 
to their tensile and creep rupture properties. This is accompanied by the formation 
of intergranular fissures, blisters on the surface, and loss of carbon content (decarbur- 
ization). The phenomenon is called hydrogen attack and is generally attributed to 
the formation of methane (CH,) within the steel. 

The microstructural damage occurs when methane bubbles form and grow 
around precipitates at the grain boundaries within the material. The continued 
growth of the bubbles causes grains to separate along their boundaries and the 
bubbles, or voids, to coalesce. The rate of growth of the bubbles is a function of 
the ease by which the steel carbides give up carbon atoms to the intruding hydrogen 
atoms to form the methane. The more stable the carbide, the slower this reaction 
will take place. Thus, it has been long recognized that additions of chromium and 
molybdenum, both strong carbide stablizers, improves hydrogen-attack resistance 
of steels. Addition of other carbide-stabilizing elements such as titanium and tung- 
sten has also assisted in reducing susceptibility. 

Weld regions are more susceptible to hydrogen damage because they possess 
less stable carbides. It is also readily apparent that carbon content of the base 
material is an important variable in determining the susceptibility of a steel to 
hydrogen damage. In general, steels used in this service are kept below 0.20 weight 
percent carbon content. Certain other elements, such as nickel and copper, are 
known to also have a detrimental effect. 

Nelson curves have proven indispensable in the selection of materials in hydrogen 
service. These curves (see Fig. A3.20. for an example) were originally based on 
experience gathered over several decades, and have been revised as new experience 
has been gained. These curves identify a “safe”? regime in which an alloy will 
perform acceptably at various temperatures and hydrogen partial pressures. Where 
these curves have proven unconservative have been associated with weld heat- 
affected zones that had been inadequately postweld heat-treated (PWHT). The high 
residual stresses and high hardness left in the weld region contribute to accelerated 
damage. For this reason, most specifications for hydrogen service equipment stipu- 
late a maximum hardness in weld regions that will assure adequacy of the PWHT. 
The limit is usually placed at 210 Brinell hardness, corresponding approximately 
to a 100,000 psi (690 Ma) ultimate tensile strength. 

Austenitic stainless steels are essentially immune to hydrogen damage. The 
numerous sites within the FCC lattice in which the hydrogen atoms can be safely 
accommodated, and the inherent ductility of the lattice, gives austenitic materials 
this freedom from hydrogen damage. However, when stainless overlay weld metal 
has been used over carbon or low-alloy vessel steels, hydrogen-induced cracking 
can occur at the weld fusion line just inside the ferritic material. 


“"885°F” (474°C) Embrittlement 


One of the limitations of ferritic stainless steels (those alloys of iron possessing 
greater than about 14 pecent chromium) has been the loss of toughness at room 
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FIGURE A3.20 The classic Nelson diagram indicating the choice of steel warranted to avoid 
hydrogen attack as a function of operating temperature and partial pressure of hydrogen. Austenitic 
materials are satisfactory at all temperatures and pressure from hydrogen damage. (Dunn et al., 
Molybdenum's Place in the Pressure-Vessel Field, Climax Molybdenum Company.) 


temperature that occurs after these materials are exposed for long times to tempera- 
tures in the range of 610 to 1000°F (320 to 538°C). This is commonly referred to 
as 885°F (474°C) embrittlement, corresponding approximately to the temperature 
at which many of the alloys degrade the fastest. 

The compositional effects in commercial alloys on 885°F (474°C) embrittlement 
have not been systematically investigated. However, it is clear that the degree of 
embrittlement increases as chromium content increases. The effects that other 
elements may have is not clear. Of these, most important is carbon, and it has been 
reported as having from no effect to a retarding effect on embrittlement. 

This phenomenon results in increased hardness and strength, with a correspond- 
ing decrease in ductility, fracture toughness, and a decrease in corrosion resistance. 
Loss of toughness can be particularly severe, and in fact has tended to relegate the 
use of this class of alloy to temperature regimes below which significant embrittle- 
ment can occur. 


Graphitization 


Graphitization is a time- and temperature-dependent nucleation and growth process, 
in which iron carbide in the form of pearlite first spheroidizes, and later forms 
graphite nodules. There are two general types: 
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1. Formation of randomly, relatively uniformly distributed graphite nodules in the 
steel. This reduces the room temperature mechanical strength somewhat, but 
does not affect the creep-rupture strength at elevated temperature. 


2. A concentrated formation of graphite most frequently along the edges of the 
heat-affected zone of weldments. This is referred to as chain graphite, since a 
plane of nodules exists paralleling the weld bead contours. 


The formation of these nodules, when aligned through the wall of a pressure 
part, creates planes of weakness, subject to rupture. Fracture characteristically 
occurs without prior warning. 

The first graphitization failure of a low-carbon steam piping material occurred 
in the early 1940s. The failure occurred after five and a half years of service in a 
steam line made of aluminum-killed carbon-molydenum steel. The fracture surface 
was located approximately 146 in (1.6 mm) from the fusion zone of a butt weld. 
The failure precipitated numerous and extensive research programs to understand 
the key variables of the mechanism and to determine the steels which would re- 
sist graphitization. 

Research has helped in the understanding of the problem, and led to restrictions 
adopted by the various design codes on use of materials subject to graphitization. 
Carbon steel and carbon-molybdenum grades are the most susceptible to this degra- 
dation process, with the latter being more so. Relative susceptibility of these two 
grades is also dependent on the steel’s aluminum content; the more aluminum, the 
greater the susceptibility. Additions of chromium in amounts as low as 0.5 weight 
percent make the steel essentially immune to graphitization. 

The ASME Code permits the use of carbon and carbon-molybdenum steels in 
ASME Section 1 boiler applications up to 1000°F (538°C). A cautionary note is 
provided in the allowable stress tables of Section I indicating the carbon steels and 
carbon-molybdenum steels may be susceptible to graphitization at temperatures 
above about 800 and 875°F (427 to 468°C), respectively. ASME B31.1 has a similar 
precautionary note specifying limits of 775 and 850°F (413 and 454°C), respectively. 
Graphitization is a mechanism dependent on diffusion and is not associated with 
a precise temperature of initiation (it occurs sooner at higher temperatures). Thus, 
the differences between the design codes only reflect different levels of conservatism 
in dealing with the failure mode. Many manufacturers extend even more severe 
restrictions, some prohibiting the use of these steels in piping applications outside 
the boiler or pressure vessel where rupture creates a serious safety hazard. Substitu- 
tion of chromium-containing steel grades, such as SA.335 P2(Y&Cr-/&4Mo), P11 
(14Cr-Y4Mo), and P22 (2/4Cr-1Mo), is normally recommended for these applica- 
tions. Grade P91 (9Cr-1Mo-V) is increasingly being used in high-temperature appli- 
cations where use of P11 and P22 is not desirable due to their reduced mechani- 
cal strength. 


Intergranular Attack 


When an unstabilized austenitic stainless steel is held at a temperature within 
the range of 850 to 1500°F (454 to 816°C), chromium carbides will quickly and 
preferentially form at the austenitic grain boundaries. The formation of these car- 
bides deletes the surrounding grain matrix of chromium atoms, rendering the thin 
zone adjacent to grain boundary susceptible to corrosive attack in aqueous environ- 
ments. This condition is called sensitization, and the resulting corrosion is termed 
intergranular attack (IGA). When also in the presence of local high-tension stresses, 
the result can be intergranular stress corrosion cracking (IGSCC). Avoidance of 
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these failure mechanisms is best achieved by minimizing sensitization (fast cool 
from anneal; stabilized or L-grade steels), and eliminating local stresses. 

The area of piping components most often attacked is weld regions. Sensitization 
can readily occur in a narrow band of base material in the heat-affected zone, 
caused by the heat of the weld pool. Corrosion of this area has been called knife 
line attack due to the characteristic appearance of a thin crack along a weld edge. 


Sigmatization 


A hard, brittle, nonmagnetic phase will form in some Fe-Cr and Fe-Ni-Cr alloys 
upon prolonged exposure to temperatures between about 1100 and 1475?F (593 
and 800°C). Those austentic stainless steels containing higher alloy content, such 
as type 310 (25% Cr—20% Ni) are susceptible, as well as any grades that possess 
residual ferrite in their microstructure, a constituent which will transform to sigma, 
preferentially at grain boundaries. 

The most deterimental effect of sigma is reduction of toughness. Charpy V- 
notch impact toughness can degrade to less than 10 ft-lb (14 joules) at room 
temperature if as much as 10 percent of the volume of material transforms. Tough- 
ness is usually not significantly degraded at higher temperatures, above about 
1000°F (538°C). 

Chemically, sigma is not as resistant to oxidizing media as the austenite, such 
as acidic environments, thus, the materials will undergo intergranular attack. 

At normal metal operating temperatures in power plants, sigmatization of pres- 
sure piping made of these high-alloy materials takes very long times to form. Once 
formed, the phase can be redissolved by subjecting the material to an annealing 
heat treatment. 


Creep Damage and Estimation of Remaining Creep Life 


The type of damage observed in components operating at high temperatures, and 
high stress, typically progresses in stages occurring over a considerable period of 
time. Elongation or swelling of the component may be observed. Material damage 
manifests itself in the microstructure in characteristic form at grain boundaries. 
Voids will form first, which then subsequently link up to form cracks. These cracks 
increase in size or severity as the end-of-life condition is approached. Severe- 
damage indications invariably signal the need for near-term corrective action. Such 
corrective action may entail repair or replacement of the component in question, 
depending upon the extent of the damage and the feasibility of repair. It is important 
to note that, except in the most severe cases, damage is not readily detectable by 
the naked eye, or even by conventional nondestructive techniques such as ultrasonic, 
magnetic particle, or liquid penetrant examination methods. 

The degree of microstructural damage can be assessed by conventional metallo- 
graphic procedures that may either take a destructive sampling approach or use 
nondestructive in-place (in-situ) methods. Since the determination of the structural 
damage allows for a ready estimation of expended creep-rupture life, these inspec- 
tion methods have recently been adopted to piping and other structural components. 
The power piping industry, in particular, has seen a wholesale application of metallo- 
graphic examination to components that have experienced extensive time in ele- 
vated temperature service. Several serious steam line ruptures have caused deaths, 
serious injury, and significant lost operating time at fossil energy power plants. The 


A.166 PIPING FUNDAMENTALS 


steam lines that have come under the greatest scrutiny are reheat superheater piping 
which, based on their relatively large diameters and thin walls, had been made 
from rolled and welded plate. The failures have been associated with the longitudinal 
weld regions, which are inherently more susceptible to problems due to danger of 
latent defects (lack of fusion, slag entrapment, solidification cracks), and the variabil- 
ity in mechanical properties across the welds heat-affected zone. 

Destructive sampling of material surfaces of suspected creep-damaged compo- 
nents, to allow for metallographic examination, has evolved to the point where 
there can be minimal disturbance to surrounding material. Test samples are either 
trepanned through thickness or smaller silver (boat-shaped) samples are removed 
by sawing, electro discharge machining, or other methods. However, arc gouging 
or any other form of heat-producing mechanism must be avoided. It not only can 
significantly metallurgically alter surrounding material but also can damage the 
destructive sample, sometimes rendering it unusable for microscopic analysis. The 
small samples, once properly removed, are metallographically prepared in the stan- 
dard fashion. These are then examined at high magnification in metallurgical micro- 
scopes for evidence of creep damage. The area from which this sample was removed 
must be weld repaired, employing the required preheat, postweld heat treatment, 
and weld inspections. 

Alternately, an evaluation of microstructure can be performed in place on the 
component surface, in the area of interest using a procedure called replication, 
which provides, in a manner of speaking, a fingerprint image of the surface. The 
area to be examined is first carefully polished to a mirrorlike finish using ever- 
increasing fineness of sandpapers or grinding disks, and then polishing compounds. 
The surface is then etched with an appropriate acid. A thin, softened plastic film 
is then applied to the surface. Upon drying, the film hardens, retaining the micro- 
structure in relief. When properly done by skilled technicians, the resolution of the 
metal structure at magnifications up to 500X or higher is almost equal to that 
achieved on an actual metal sample. The disadvantage of the replication method 
is that only the surface of the material can be examined, leaving any subsurface 
damage undetected. However, this method has proven useful when applied to weld 
regions, or other high-stressed areas where damage is suspected. 

Remaining creep-life determination done in this fashion is not exact; the correla- 
tion between the type and degree of damage, and expended creep life is only 
approximate. In most cases, follow-up inspection several years hence is necessary 
to determine the rate of damage progression. Usually, when a network of micro- 
cracks has been generated, it is time to consider repair or replacement. 

The science of estimating the expected growth rate of these cracks by creep 
evolved very rapidly in the 1980s. Armed with sufficient baseline creep data of a 
given alloy, formulas have been developed that can predict creep crack growth 
rates reasonably accurately. Analysis can also be made whether a pipeline would 
“leak before break"; that is, weep fluid for a time prior to catastrophic rupture. 
All of these tools are available to the piping designer and to operating management, 
but will not be discussed in any greater detail in this chapter. 


Oxide Thickness and Estimation of Remaining Creep Life 


Another method for estimating remaining creep life of certain high-temperature 
tubing and piping components considers the amount of metal oxide scale that has 
formed on the metals surface. Understandably, this method only applies when the 
tubular items contain relatively benign substances under oxidizing conditions. It 


PIPING MATERIALS A.167 


has found its use in steam-carrying piping and components. This method is based 
on the knowledge that a given thickness of oxide scale on the tube or pipe surface 
represents growth for a certain time at some temperature. Since oxide growth 
kinetics of many alloys are well characterized, the effective temperature at which 
the tube was operating for a known time (service life) can be estimated. The 
combination of effective temperature and time can then be compared to the typical 
creep life of the alloy at an applied stress or stresses that are known to have acted 
on the component during its service life. 

As noted, the two principal tools needed by the metallurgist to estimate life 
using the oxide measurement technique are (1) steam oxidation data for the alloy 
in question, and (2) uniaxial creep-rupture data for that alloy across the temperature 
range of interest. This latter information can be found for many of the most widely 
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FIGURE A3.21 Variation of Larson-Miller rupture parameter 
with stress for wrought 1% Cr % Mo-Si steel. (Evaluation of the 
Elevated Temperature Tensile and Creep-Rupture Properties of V5 
Cr-16 Mo, 1 Cr-16 Mo, and 1% Cr-Y6 Mo-Si Steels, ASTM Data 
Series Publication DS50.) 
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FIGURE A3.22 Variation of Larson-Miller parameter with stress 
for rupture of annealed 2% Cr-1 Mo steel. (Supplemental Report on 
the Elevated- Temperature Properties of Chromium-Molybdenum 
Steels, ASTM Data Series Publication DS 652.) 


used ferrous alloy piping materials in ASTM references. The specific steps followed 
in this approach are as follows: 


1. 


2. 


Oxide thickness is measured either metallographically on a sample or using 
specialized ultrasonic techniques. Operating time is known. 


The effective operating temperature is determined from the oxidation data. The 
effective temperature is defined as the constant temperature that the particular 
tube metal would have had to have operated at for the known service time to 
have resulted in the measured oxide thickness. (This is an approximation, since 
the tube or pipe would have operated at various temperatures, perhaps even in 
upset conditions well above the design temperature limit.) 


The hoop stress is calculated using an appropriate formula, knowing the tube 
or pipe size and operating pressure. 


The Larsen-Miller Parameter (LMP) is calculated for the service time and effec- 
tive temperature of the subject tube. The LMP is defined as: 


LMP = T (20 + log t) x 1077 (A3.6) 
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Where T is temperature in degrees Rankine and t is time in hours. This is a 
simple factor representing the actual condition of the operating component. 


5. Uniaxial creep-rupture data is obtained for the alloy in question. Examples of 
data for 14Cr-/2Mo-Si and 2%Cr-1Mo, taken from creep data sources ASTM 
DS50 and DS652 are shown as Fig. A3.21 and Fig. A322. This rupture data is 
normally represented by curves of minimum and average behavior, and lists 
applied stress versus LMP. 


6. The ASTM rupture curve is entered on the stress axis at the level of appropriate 
calculated operating stress (from step 3). In this manner, the LMP representing 
the expected minimum and average total creep life at that stress is determined. 


7. The operating LMP calculated in step 4 is compared to the LMPs derived in 
step 6. The differential in time represented by these parameters can be easily 
calculated from the Larsen-Miller formula, and the percentage of expended life 
versus minimum and average expected life can be determined by taking a ratio 
of these values. 


This method for estimating remaining creep life has found its greatest use in 
the fossil power boiler industry, particularly for ferritic alloy steam piping and 
superheater tubing. Since a great majority of the operating power boilers in the 
United States are approaching their originally intended lifetime, the method is 
critical for establishing when major repair or replacement is necessary to restore 
the unit to safer and more reliable operation. 


MATERIAL SPECIFICATIONS 


The American Iron and Steel Institute (AISI) and the Society of Automotive 
Engineers (SAE) have devised a standardized numbering system for the various 
classes of carbon and alloy steels that has gained widespread acceptance in 
North America. 

This system employs a four-digit number for carbon and low-alloy steels, and a 
three-digit number for stainless steels. Regarding the former, the first two digits 
represents the major alloying elements of the grade. The final two digits represent 
the nominal carbon content of each alloy, in hundreds of weight percent. For 
example, 10XX represents simple carbon steels, and 41XX stands for steels with 
chromium-molybdenum as the major alloying elements. In both classes, a specific 
grade possessing a nominal carbon content of 0.20 percent would be, respectively, 
1020 and 4120. In this fashion the many possible alloy steels can be systemati- 
cally identified. 

Table A3.4 lists the carbon and alloy steel grades categories recognized by AISI 
and SAE. 

The stainless steels are assigned a three-digit code by AISI. Those austenitic 
stainless steels composed of chromium, nickel, and manganese are the 2XX series. 
Chromium-nickel austenitic stainless steels are 3X X; ferritic and martensitic stain- 
less steels are 4XX. In the case of stainless steels, the last two digits represent a 
unique overall composition rather than the level of carbon. 

Due to increasing international technical community involvement and coopera- 
tion, and with each country possessing its own alloy numbering system, a worldwide 
universal system of material identification was needed. The Unified Numbering 
System (UNS) was the result. In this system a letter is followed by a five-digit 
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TABLE A3.4 Carbon and Alloy Steel Grade Categories: AISI, SAE, UNS 


Numerals and digits 


UNS SAE/AISI Types of identifying elements 

Carbon steels 

G10XX0 10XX Nonresulfurized, manganese 1.00% maximum 

G11XX0 11XX Resulfurized 

G12XX0 12XX Rephosphorized and resulfurized 
Alloy steels 

G13XX0 13XX Manganese steels 

G23XX0 23XX Nickel steels 

G25XX0 25XX Nickel steels 

G31XX0 31XX Nickel-chromium steels 

G32XX0 32XX Nickel-chromium steels 

G33XX0 33XX Nickel-chromium steels 

G34XX0 34XX Nickel-chromium steels 

G40XX0 40XX Molybdenum steels 

G41XX0 4AXX Chromium-molybdenum steels 

G43XX0 43XX Nickel-chromium-molybdenum steels 

G44XX0 44XX Molybdenum steels 

G46XX0 46XX Nickel-molybdenum steels 

G47XX0 41XX Nickel-chromium-molybdenum steels 

G48XX0 48XX Nickel-molybdenum steels 

G50XX0 50XX Chromium steels 

G51XX0 51XX Chromium steels 

G50XX6 50XXX Chromium steels 

G51XX6 51XXX Chromium steels 

G52XX6 52XXX Chromium steels 

G61XX0 61XX Chromium-vanadium steels 

G71XX0 T1 XXX Tungsten-chromium steels 

G72 XX0 12 XX Tungsten-chromium steels 

G81 XX0 81XX Nickel-chromium-molybdenum steels 

G86 XX0 86XX Nickel-chromium-molybdenum steels 

G87XX0 87XX Nickel-chromium-molybdenum steels 

G88XX0 88XX Nickel-chromium-molybdenum steels 

G92XX0 92XX Silicon-manganese steels 

G93XX0 93XX Nickel-chromium-molybdenum steels 

G94XX0 94XX Nickel-chromium-molybdenum steels 

G97XX0 97XX Nickel-chromium-molybdenum steels 

G98XX0 98XX Nickel-chromium-molybdenum steels 
Carbon and alloy steels 

GXXXX1 XXBXX B denotes boron steels 

GXXXX4 XXLXX L denotes leaded steels 
Stainless steels 

S2XXXX 302XX Chromium-nickel steels 

S3XXXX 303XX Chromium-nickel steels 

SAXXXX 514XX Chromium steels 

S5XXXX 515XX Chromium steels 
Experimental steels 

None Ex... SAE Experimental steels 


Source: Reprinted with permission from SAE J402 © 1988 Society of Automotive Engi- 
neers, Inc. 
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TABLE A3.5 Selected Piping System Materials —— ASME Specifications 


ASME Specification 
Other comments 
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Metal or Alloy Number Grade ksi* MPa 
Pipe 

Carbon steel SA-53 A 48,000 UTS/30,000YS (330/205) 
Carbon steel SA-106 B 60,000 UTS/35,000YS (415/240) 
Carbon steel SA-106 C 70,000 UTS/40,000YS (485/275) 
Vo Cr-¥2 Moly SA-335 P2 55,000 UTS/30,000YS (380/205) 
1 Cr-% Moly SA-335 P12 60,000 UTS/32,000YS (415/220) 
1% Cr-Y$ Mo-Si SA-335 P11 60,000 UTS/30,000YS (415/205) 
2% Cr-1 Mo SA-335 P22 60,000 UTS/30,000YS (415/205) 
5 Cr-1 Mo SA-335 P5 60,000 UTS/30,000YS (415/205) 
9 Cr-1 Mo SA-335 P9 60,000 UTS/30,000YS (415/205) 
9 Cr-1 Mo-V SA-335 P9 85,000 UTS/60,000YS (585/415) 
304H SA-376 TP304H 0.04% Min carbon 
304H SA-430 FP304H Forged and bored pipe 
316H SA-376 TP316H 75,000 UTS/30,000YS (515/205) 
Forgings/fittings 
Carbon steel SA-105 = Rolled or forged bar 
Carbon steel SA-181 C170 70,000 UTS/36,000YS (485/250) 
Carbon steel SA-266 C12 70,000 UTS/30,000YS (485/205) 
Carbon-Moly SA-182 Fl 0.5% Mo 
Vo Cr-¥2 Moly SA-182 F2 — 
1 Cr-% Moly SA-182 F12 70,000 UTS/40,000YS (485/275) 
1% Cr-Y$ Mo-Si SA-182 Flla 75,000 UTS/45,000YS (515/310) 
1% Cr—-¥% Mo-Si SA-182 F11b 60,000 UTS/30,000YS (415/205) 
2% Cr-1 Mo SA-234 WP12 Fittings 
5 Cr-1 Mo SA-336 FSA 80,000 UTS/50,000YS (550/345) 
9 Cr-1 Mo-V SA-234 WP9 Fittings 
304H SA-336 F304H 1900°F Min anneal 

Tubing 
Carbon steel SA-178 A Electric resistance welded 
Carbon steel SA-210 Al 60,000 UTS/37,000YS (415/255) 
Carbon-Moly SA-209 Tla Seamless 
Vo Cr-¥2 Moly SA-213 T2 60,000 UTS/30,000YS (415/205) 
2% Cr-1 Moly SA-213 T22 60,000 UTS/30,000YS (415/205) 
9 Cr-1 Mo-V SA-213 T91 Normalized and tempered 
304H SA-213 TP304H 75,000 UTS/30,000YS (515/205) 


* UTS and YS in psi. 


number which, taken together, uniquely defines each particular composition. Many 
of the conventions adopted in the AISI/SAE system were incorporated into the 


UNS numbers, as shown on Table A3.4. 


The AISI and SAE specifications for alloys controls only material composition. 
Addition control over minimum properties, heat treatment, and other inspections 
was necessary to assure reproducibility and reliability of the materials for their 
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TABLE A3.6 Cross-Reference for ASME to UNS 
Selected Pipe and Tubing Specifications 


ASME specification (and grade) UNS number 


SA-53 (E-A)(S-A) K02504 
SA-53 (E-B)(S-B) K03005 
SA-106 (A) K02501 
SA-106 (B) K03006 
SA-106 (C) K03501 
SA-178 (A) K01200 
SA-178 (C) K03503 
SA-209 (T1) K11522 
SA-209 (Tla) K12023 
SA-209 (T1b) K11422 
SA-210 (A1) K02707 
SA-210 (C) K03501 
SA-213 (T2) K11547 
SA-213 (T3b) K21509 
SA-213 (T5) K41545 
SA-213 (T7) S50300 
SA-213 (T9) S50400 
SA-213 (T11) K11597 
SA-213 (T12) K11562 
SA-213 (T21) K31545 
SA-213 (T22) K21590 
SA-213/SA-312 (304) $30400 
SA-213/SA-312 (304H) S30409 
SA-213/SA-312 (304L) S30403 
SA-213/SA-312 (304N) S30451 
SA-213/SA-312 (310) $31000 
SA-213/SA-312 (316) S31600 
SA-213/SA-312 (316H) S31609 
SA-213/SA-312 (316L) $31603 
SA-213/SA-312 (316N) S31651 
SA-213/SA-312 (321) $32100 
SA-213/SA-312 (321H) S31209 
SA-213/SA-312 (347) $34700 
SA-213/SA-312 (347H) S34709 
SA-213/SA-312 (348) S34800 
SA-213/SA-312 (348H) S34809 
SA-335 (P1) K11522 
SA-335 (P2) K11547 
SA-335 (P5) K41545 
SA-335 (P7) $50300 
SA-335 (P9) $50400 
SA-335 (P11) K11597 
SA-335 (P12) K11562 
SA-335 (P21) K31545 


SA-335 (P22) K21590 
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TABLE A3.7 Nominal Compositions of Wrought Copper Materials 


Alloy 


Composition 


Coppers 


Electrolytic tough pitch (ETP) 


Phosphorized, high residual phosphorus (DHP) 
Phosphorized, low residual phosphorus (DLP) 


Lake 
Silver bearing (10-15) 
Silver bearing (25-30) 


Oxygenfree (OF) (no residual deoxidants) 


Free cutting 
Free cutting 
Free cutting 


Chromium copper (heat treatable) (b) 


Cadmium copper (b) 


Tellurium nickel copper (heat treatable) (b) 
Beryllium copper (heat treatable) 


99.90 Cu-0.04 O 

99.90 Cu-0.02 P 

99.90 Cu-0.005 P 

Cu-8 oz/ton Ag 
Cu-10 to 15 oz/ton Ag 
Cu-25 to 30 oz/ton Ag 
99.92 Cu (min) 

99 Cu-1 Pb 

99.5 Cu-0.5 Te 

99.4 Cu-0.6 Se 

Cu + Cr and Ag or Zn 
99 Cu-1 Cd 

98.4 Cu-1.1 Ni-0.5 Te 
Cu-2 Be-0.25 Co or 0.35 Ni 


Plain brasses 


Gilding, 9596 
Commercial bronze, 9096 
Red brass, 8596 

Low brass, 8096 
Cartridge brass, 7096 
Yellow brass, 6596 
Muntz metal 


95 Cu-5 Zn 

90 Cu-10 Zn 
85 Cu-15 Zn 
80 Cu-20 Zn 
70 Cu-30 Zn 
65 Cu-35 Zn 
60 Cu-40 Zn 


Free-cutting brasses 


Leaded commercial bronze (rod) 
Leaded brass strip (B121-3) 
Leaded brass strip (B121-5) 
Leaded brass tube (B135-3) 
Leaded brass tube (B135-4) 
Medium-leaded brass rod 
High-leaded brass rod 
Free-cutting brass rod (B16) 
Forging brass 

Architectural bronze 


89 Cu-9.25 Zn-1.75 Pb 
65 Cu-34 Zn-1 Pb 

65 Cu-33 Zn-2 Pb 

66 Cu-33.5 Zn-0.5 Pb 

66 Cu-32.4 Zn-1.6 Pb 
64.5 Cu-34.5 Zn-1 Pb 
62.5 Cu-35.75 Zn-1.75 Pb 
61.5 Cu-35.5 Zn-3 Pb 

60 Cu-38 Zn-2 Pb 

57 Cu-40 Zn-3 Pb 


Miscellaneous brasses 


Admiralty (inhibited) 

Naval brass 

Leaded naval brass 

Aluminum brass (inhibited) 
Manganese brass 

Manganese bronze rod A (B138) 
Manganese bronze rod B (B138) 


71 Cu-28 Zn-1 Sn 

60 Cu-39.25 Zn-0.75 Sn 

60 Cu-37.5 Zn-1.75 Pb-0.75 Sn 

76 Cu-22 Zn-2 AI 

70 Cu-28.7 Zn-1.3 Mn 

58.5 Cu-39 Zn-1.4 Fe-1 Sn-0.1 Mn 
65.5 Cu-23.3 Zn-4.5 AI-3.7 Mn-3 Fe 
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intended purpose. The American Society for Testing and Materials (ASTM), the 
American Society of Mechanical Engineers (ASME), and the American Petroleum 
Institute (API) have generated a series of comprehensive material specifications 
that extend this control. Table A3.5 lists the more common ASME specification 
and grade numbers for the common piping system materials of construction. Table 
A3.6 gives equivalencies between selected piping material grades in ASME with 
the Unified Numbering System (UNS). 


Copper and Copper Alloys 


The use of copper and copper alloys is limited to temperatures below the lower 
recrystallization temperature for the particular alloy. This is the temperature at 
which cold-worked specimens begin to soften. This recrystallization is usually accom- 
panied by a marked reduction in tensile strength. Typical classes of wrought copper- 
based materials are given in Table A3.7. 

Brasses containing 70 percent or more of copper may be used successfully at 
temperatures up to 400°F (200°C), while those containing only 60 percent of copper 
should not be used at temperatures above 300°F (150°C). 


TABLE A3.8 Copper and Copper-Based Pipe and Tubing Alloy 


Specifications 

ASME UNS grade 
specification number Characteristics 
SB-42/SB-68 C10200 99.95 Cu 
SB-42/SB-68 C12000 99.90 plus low Phos 
SB-42/SB-68 C12200 99.9 plus high Phos 
SB-43 C23000 Red Brass 
SB-75/SB-111 C10200 Oxygen Free 
SB-75/SB-111 C12000 — 
SB-75/SB-111 C12200 — 
SB-75/SB-111 C14200 Phosphorized, Arsenical 
SB-111 C23000 Red Brass 
SB-111 C28000 Muntz Metal 
SB-111 C44300 Admiralty Metal 
SB-111 C44400 Cu-Zn 
SB-111 C44500 Cu-Zn 
SB-111 C60800 Aluminum Bronze 
SB-111 C68700 Aluminum Brass 
SB-111 C70400 95-5 Cu-Ni 
SB-111 C70600 90-10 Cu-Ni 
SB-111 C71000 80-20 Cu-Ni 
SB-111 C71500 70-30 Cu-Ni 
SB-315 C65500 High-Si Bronze 
SB-466 C70600 90-10 Cu-Ni 
SB-466 C71500 70-30 Cu-Ni 
SB-467 C70600 Welded 90-10 


SB-467 C71500 Welded 70-30 
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TABLE A3.9 Nickel and Nickel-Based Pipe and Tubing Alloy 


Specifications 
ASME UNS grade 

specifications number Characteristics 
SB-161 N02200 Nickel 200; 99% Ni 
SB-161 N02201 Low Carbon 
SB-163/SB-407 N08800 Alloy 800 Tubing (Ni-Fe-Cr) 
SB-163/SB-165 N04400 70-30 Ni-Cu Monel 
SB-163/SB-167 N06600 Alloy 600 (Ni-Cr-Fe) 
SB-163/SB-167 N06690 Alloy 690 (60-30-10) 
SB-163/SB-423 N08825 Alloy 825 


The ASME Boiler and Pressure Vessel Code limits the use of brass and copper 
pipe and tubing (except for heater tubes) to temperatures not to exceed 406°F 
(208°C). The ASME B31 Code for Pressure Piping also limits brass and copper 
pipe and tubing to this temperature for steam, gas, and air piping. 

Table A3.8 lists a number of ASME specifications for copper and copper alloy 
piping and tubing. 


Nickel and Nickel Alloys 


Nickel is a tough, malleable metal that offers good resistance to oxidation and 
corrosion. When nickel is combined with copper as the secondary element, the 
well-known series of Monel alloys are created. Nickel, Monel, and various modifica- 
tions of these materials are used in piping systems, turbine blading, valves, and 
miscellaneous power plant accessories handling steam. 

The presence of even a small amount of sulfur in a reducing environment will 
result in embrittlement as temperatures of 700—1200*F (370—650*C). 


TABLE A3.10 Designation System for Wrought Aluminum and 
Aluminum Alloy 


Composition Alloy no. 
Aluminum, 99.0% min and greater 1XXX 
Aluminum alloys grouped by major alloying element 
Copper 2XXX 
Manganese 3XXX 
Silicon AXXX 
Magnesium 5XXX 
Magnesium and silicon 6XXX 
Zinc 7TXXX 
Other elements 8XXX 


Unused series 9XXX 


Source: Reprinted with permission from SEA J933 ©1989 Society of Auto- 
motive Engineers, Inc. 
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TABLE A3.11 


Permissible Percentage) 


Chemical Composition Limits for Wrought Aluminum Alloys Where No Range Is Given (Single Number Indicates Maximum 


Others 
Alloy 
number Si Fe Cu Mn Mg Cr Ni Zn Ti Each Total 
EC (Al 99.45 min) 
1100 1.0 Si + Fe 0.20 0.05 — — — 0.10 — 0.05(a) 0.15 
1060 0.25 0.35 0.05 0.03 0.03 — — 0.05 0.03 0.03(a) — 
1085 0.10 0.12 0.03 0.02 0.02 — — 0.03 — 0.02 0.01(b) — 
1099 (Al 99.99 min) 
2011 0.04 0.7 5.0—6..0 — — — — 0.30 — 0.05(c) 0.15 
2014 0.50-1.2 1.0 3.9-5.0 0.40-1.2 0.20—0.8 0.10 — 0.25 | 015 0.05(a) 0.15 
2017 0.8 1.0 3.5-4.5 9.40-1.0 0.20—0.8 0.10 — 0.25 — 0.05 0.15 
2117 0.8 1.0 2.2-3.0 0.20 0.20-0.50 | 0.10 — 0.25 — 0.05 0.15 
2618 0.25 0.9-1.3 1.9-2.7 — 1.3-1.8 — 0.9-1.2 0.04-0.10 0.05 0.15 
2219 0.20 0.30 5.8-6.8 0.20-0.40 0.02 — — 0.10 0.02-0.10 — 0.05(d) 0.15 
X2020 0.40 0.04 4.0-5.0 0.30—0.8 0.03 — — 0.225 0.10 0.05(c) 0.15 
2024 0.50 0.50 3.8-4.9 0.30—0.9 1.2-1.8 0.10 — 0.25 — 0.05 0.15 
3003 0.6 0.7 0.20 1.0-1.5 — — — 0.10 — 0.05(a) 0.15 
3004 0.30 0.7 0.25 1.0-1.5 0.8-1.3 — — 0.25 — 0.05(a) 0.15 
4032 11.0-13.5 1.0 0.50-1.3 — 0.8-1.3 0.10 0.50-1.3 0.25 — 0.05 0.15 
4043 4.5-6.0 0.8 0.30 0.05 0.05 — — 0.10 0.20 0.05(a) 0.15 
5005 0.40 0.7 0.20 0.20 0.50-1.1 0.10 — 0.25 — 0.05 0.15 
5050 0.40 0.7 0.20 0.10 1.0-1.8 0.10 — 0.25 — 0.05(a) 0.15 
5052 0.45 Si Fe 0.10 0.10 2.2-2.8 0.15-0.35 — 0.10 — 0.05(a) 0.15 
5154 0.45 Si + Fe 0.10 0.10 3.1-3.9 0.15-0.35 — 0.20 | 020 0.05(a) 0.15 
5155 0.30 0.70 0.25 0.20-0.60 3.5-5.0 0.05-0.25 — 0.15 0.15 0.05 0.15 
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TABLE A3.11 


Chemical Composition Limits for Wrought Aluminum Alloys Where No Range Is Given (Single Number Indicates Maximum 
Permissible Percentage) (Continued ) 


Others 
Alloy 

number Si Fe Cu Mn Mg Cr Ni Zn Ti Each Total 
5454 0.40 Si + Fe 0.10 0.50-1.0 2.4-3.0 0.05-0.20 — 0.25 0.20 0.05 0.15 
5056 0.30 0.40 0.10 0.05-0.20 4.5-5.6 0.05-0.02 — 0.10 — 0.05(a) 0.15 
5456 0.40 Si + Fe 0.10 0.50-1.0 4.7—5.5 0.05-0.20 — 0.25 0.20 0.05 0.15 
5357 0.12 0.17 0.07 0.15-0.45 0.8-1.2 — 0.05 0.15 
5457 0.08 0.10 0.20 0.15-0.45 0.8-1.2 — 0.03 0.10 
5557 0.10 0.12 0.15 0.10-0.40 0.40-0.8 — 0.03 0.10 
5083 0.40 0.40 0.10 0.30-1.0 4.0-4.9 0.05-0.25 — 0.25 0.15 0.05 0.15 
5086 0.40 0.50 0.10 0.20-0.7 3.5-4.5 0.05-0.25 — 0.25 0.15 0.05 0.15 
6151 0.6-1.2 1.0 0.35 0.20 0.45-0.8 0.15-0.35 — 0.25 0.15 0.05 0.15 
6351 0.7-1.3 0.6 0.10 0.40-0.8 0.40-0.8 — — — 0.20 0.05 0.15 
6053 (f) 0.35 0.1 — 1.1-1.4 0.15-0.35 — 0.10 — 0.05 0.15 
6061 0.40-0.8 0.7 0.15-0.40 0.15 0.8-1.2 0.15-0.35 — 0.25 0.15 0.05 0.15 
6062 0.40-0.8 0.7 0.15-0.40 0.15 0.8-1.2 0.04-0.14 — 0.25 0.15 0.05 0.15 
6063 0.20-0.6 0.35 0.10 0.10 0.45-0.9 0.10 — 0.10 0.10 0.05 0.15 
6066 0.9-1.8 0.50 0.7-1.2 0.6-1.1 0.8-1.4 0.40 — 0.25 0.20 0.05 0.15 
7072(g) 0.7 Si + Fe 0.10 0.10 0.10 — — 0.8-1.3 — 0.05 0.15 
7075 0.50 0.7 1.2-2.0 0.30 2.1-2.9 0.18-0.40 — 5.1-6.1 0.20 0.05 0.15 
7277 0.50 0.7 0.8-1.7 — 1.7-2.3 0.18-0.35 — 3.7-4.3 0.10 0.05 0.15 
7178 0.50 0.7 1.6-2.4 0.30 2.4-3.1 0.18-0.40 — 6.3-7.3 0.20 0.05 0.15 
7079 0.30 0.40 0.40-0.8 0.10-0.30 2.9-3.7 0.10-0.25 — 3.8-4.8 0.10 0.05 0.15 
X8001 0.17 0.45-0.7 0.15 — — — 0.9-1.3 — — 0.05(h) 0.15 
Source: American Society for Metals, Metals Handbook, Vol. 1, 8th Ed., p 917. 
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By addition of Cr, Co, Mo, Ti, Al, or Nb, the high temperature strength and 
creep resistance of the nickel-base materials can be substantially increased. How- 
ever, these alloys possess low ductility values and require special care in forming 
of these materials, even at elevated temperatures. 

Table A3.9 lists a number of ASME specifications for nickel-based alloy piping 
and tubing. 


Aluminum and Aluminum Alloys 


Aluminum and many of its alloys are highly resistant to atmospheric corrosion and 
to attack by many chemical agents, with the exception of strong alkalis. However, 
they are subject to galvanic attack if coupled with more noble materials. 

Additions of alloying elements increases strengh, but to the detriment of thermal 
and electrical conductivity, and lowers the material's melting point. Alloying with 
Cu, Mg, and Si creates heat-treatable alloys that are age-hardenable. Maximum 
strength can usually be achieved by heating to about 300 to 500°F (150 to 260°C). 
Effects of working or precipitation hardening can be removed by annealing at 
temperatures of 600 to 800°F (315 to 425°C). 

A system has been devised to designate alloys of aluminum based on the major 
alloying constituent. See Table A3.10. 

Typical classes of wrought aluminum-based materials are given in Table A3.11. 
The UNS number for each alloy is easily determined by taking the alloy number 
given in Table A3.11 and preceding it with A9. Thus, for example, the UNS numbers 
for alloy 6061 is A96061. 

Appendix A5 provides a list of material specifications which are acceptable for 
design and construction of piping systems within the jurisdiction of the ASME 
Boiler and Pressure Vessel Code and the ASME B31, Code for Pressure Piping. 
Appendix A6 lists some international material specifications for piping. 
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CHAPTER A4 


PIPING CODES AND 
STANDARDS 


Mohinder L. Nayyar, P.E. 
ASME Fellow 


Codes usually set forth requirements for design, materials, fabrication, erection, test, 
and inspection of piping systems, whereas standards contain design and construction 
rules and requirements for individual piping components such as elbows, tees, 
returns, flanges, valves, and other in-line items. Compliance to code is generally 
mandated by regulations imposed by regulatory and enforcement agencies. At 
times, the insurance carrier for the facility leaves hardly any choice for the owner 
but to comply with the requirements of a code or codes to ensure safety of the 
workers and the general public. Compliance to standards is normally required by 
the rules of the applicable code or the purchaser's specification. 

Each code has limits on its jurisdiction, which are precisely defined in the code. 
Similarly, the scope of application for each standard is defined in the standard. 
Therefore, users must become familiar with limits of application of a code or 
standard before invoking their requirements in design and construction documents 
of a piping system. 

The codes and standards which relate to piping systems and piping components 
are published by various organizations. These organizations have committees made 
up of representatives from industry associations, manufacturers, professional 
groups, users, government agencies, insurance companies, and other interest groups. 
The committees are responsible for maintaining, updating, and revising the codes 
and standards in view of technological developments, research, experience feedback, 
problems, and changes in referenced codes, standards, specifications, and regula- 
tions. The revisions to various codes and standards are published periodically. 
Therefore, it is important that engineers, designers, and other professional and 
technical personnel stay informed with the latest editions, addenda, or revisions of 
the codes and standards affecting their work. 

While designing a piping system in accordance with a code or a standard, the 
designer must comply with the most restrictive requirements which apply to any 
of the piping elements. 

In regard to applicability of a particular edition, issue, addendum, or revision 
of a code or standard, one must be aware of the national, state, provincial, and 
local laws and regulations governing its applicability in addition to the commitments 
made by the owner and the limitations delineated in the code or standard. This 
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chapter covers major codes and standards related to piping. Some of these codes 
and standards are discussed briefly, whereas others are listed for convenience of 
reference. 


AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS 


The American Society of Mechanical Engineers (ASME) is one of the leading 
organizations in the world which develops and publishes codes and standards. The 
ASME established a committee in 1911 to formulate rules for the construction of 
steam boilers and other pressure vessels. This committee is now known as the 
ASME Boiler and Pressure Vessel Committee, and it is responsible for the ASME 
Boiler and Pressure Vessel Code. In addition, the ASME has established other 
committees which develop many other codes and standards, such as the ASME 
B31, Code for Pressure Piping. These committees follow the procedures accredited 
by the American National Standards Institute (ANSI). 


ASME BOILER AND PRESSURE VESSEL CODE 


The ASME Boiler and Pressure Vessel Code contains 11 sections: 


Section I Power Boilers 
Section II Material Specifications 
Section III Rules for Construction of Nuclear Power Plant Components 


* Division 1 Nuclear Power Plant Components 

* Division 2 Concrete Reactor Vessel and Containments 

* Division 3 Containment Systems and Transport Packaging for Spent Nuclear 
Fuel and High-Level Radioactive Waste 


Section IV Heating Boilers 

Section V Nondestructive Examination 

Section VI Recommended Rules for Care and Operation of Heating Boilers 
Section VII Recommended Rules for Care of Power Boilers 

Section VIII Pressure Vessels 


* Division 1 Pressure Vessels 
* Division 2 Pressure Vessels (Alternative Rules) 
* Division 3 Alternative Rules for Construction of High-Pressure Vessels 


Section IX Welding and Brazing Qualifications 

Section X Fiber-Reinforced Plastic Pressure Vessels 

Section XI Rules for In-Service Inspection of Nuclear Power Plant Components 
Code Cases: Boilers and Pressure Vessels 


Code Cases: Nuclear Components 
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Primarily, Sections, I, II, III, IV, V, VIII, IX, and XI specify rules and requirements 
for piping. Section IL, V, and IX are supplementary sections of the code because 
they have no jurisdiction of their own unless invoked by reference in the code of 
record for construction, such as Section I or III. 


Editions and Addenda 


Code editions are published every three years and incorporate the additions and 
revisions made to the code during the preceding three years. 

Colored-sheet addenda, which include additions and revisions to individual sec- 
tions of the code, are published annually. Before the 1986 edition of the code, 
addenda were published semiannually as summer and winter addenda. 


Interpretations 


ASME issues written replies to inquiries concerning interpretation of technical 
aspects of the code. The interpretations for each individual section are published 
separately as part of the update service to that section. They are issued semiannually 
up to the publication of the next edition of the code. Interpretations are not part 
of the code edition or the addenda. 


Code Cases 


The Boiler and Pressure Vessel Committee meets regularly to consider proposed 
additions and revisions to the code; to formulate cases to clarify the intent of the 
existing requirements; and/or to provide, when the need is urgent, rules for materials 
or construction not covered by existing code rules. The code cases are published 
in the appropriate code casebook: (1) Boiler and Pressure Vessel and (2) Nuclear 
Components. Supplements are published and issued to the code holders or buyers 
up to the publication of the next edition of the code. 

Code case(s) can be reaffirmed or annulled by the ASME Council. Reaffirmed 
code case(s) can be used after approval by the council. However, the use of code 
case(s) is subject to acceptance by the regulatory and enforcement authorities having 
jurisdiction. A code case once used for construction may continue to be used even 
if it expires later or becomes annulled. An annulled code case may become a part 
of the addenda or edition of the code or just disappear after its annulment because 
there may not be any need for it. 


ASME SECTION I: POWER BOILERS 


Scope 


ASME Section I has total administrative jurisdiction and technical responsibility 
for boiler proper; refer to Fig. A4.1. The piping defined as boiler external piping 
(BEP) is required to comply with the mandatory certification by code symbol 
stamping, ASME data forms, and authorized inspection requirements, called Ad- 
ministrative Jurisdiction, of ASME Section I; however, it must satisfy the technical 
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ADMINISTRATIVE JURISDICTION & TECHNICAL RESPONSIBILITY 
Boiler Proper — The ASME Boiler and Pressure Vessel Code 
(ASME BPVC) has total administrative jurisdiction and technical responsibility (refer 
to Section | Preamble). 


4$—— Boiler External Piping and Joint — The ASME BPVC has total administrative jurisdiction 
(mandatory certification by Code Symbol stamping, ASME Data Forms, and Authorized 
Inspection) of Boiler External Piping and Joint. The ASME Section Committee B31.1 
has been assigned technical responsibility. (Refer to Section | Preamble, fifth, sixth, 
and seventh paragraphs and ASME B31.1 Scope, paragraph 100.1.2.A) Ap- 
plicable ASME B31.1 Editions and Addenda are referenced in Section i, Table A-361 


0O- - — Non-Boiler External Piping and Joint — Not Section | jurisdiction (see applicable ANSI/ 
ASME B31 Code). 


FIGURE A4.1 ASME Section I jurisdictional limits and clarifications for jurisdiction over boiler 
external piping (BEP) and nonboiler external piping (NBEP). (Figure PG-58.3.1, ASME Section I). 


requirements (design, materials, fabrication, installation, nondestructive examina- 
tion, etc.) of ASME B31.1, Power Piping Code.’ 


Effective Edition, Addenda, and Code Cases 


Code editions are effective on—and may be used on or after—the date of publica- 
tion printed on the title page. Code addenda are effective on—and may be used 
on or after—the date of issue. Revisions become mandatory as minimum require- 
ments six months after such date of issuance, except for boilers (or pressure vessels) 
contracted for before the end of the six-month period. 
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Use of revisions and code cases that are less restrictive than former requirements 
of the applicable edition and addenda shall not be made without assurance that 
they have been accepted by the proper authorities in the jurisdiction in which the 
power boiler (component) is to be installed. Use of code cases is permissible begin- 
ning with the ASME council approval date published on the code case. 


ASME SECTION Il: MATERIALS 


Scope 


ASME Section II consists of four parts, three of which contain material specifications 
and the fourth the properties of materials which are invoked for construction of 
items within the scope of the various sections of the ASME Boiler and Pressure 
Vessel Code and ASME B31, Code for Pressure Piping. Therefore, ASME Section 
II is considered a supplementary section of the code. 


Part A: Ferrous Material Specifications. Part A contains material specifications 
for steel pipe, flanges, plates, bolting materials, and castings and wrought, cast, and 
malleable iron. These specifications are identified by the prefix SA followed by a 
number such as SA-53 or SA-106. 


Part B: Nonferrous Material Specifications. Part B contains materials specifica- 
tions for aluminum, copper, nickel, titanium, zirconium, and their alloys. These 
specifications are identified by the prefix SB followed by a number such as SB-61 
or SB-88. 


Part C: Specifications for Welding Rods, Electrodes, and Filler Metals. Part C 
contains material specifications for welding rods, electrodes and filler materials, 
brazing materials, and so on. These specifications are identified by the prefix SFA 
followed by a number such as SFA-5.1 or SFA-5.27. 


Part D: Properties. Part D covers material properties of all those materials that 
are permitted per Sections I, III, and VIII of the ASME Boiler and Pressure 
Vessel Code. 

Subpart 1 contains allowable stress and design stress intensity tables for ferrous 
and nonferrous materials for pipe, fittings, plates, bolts, and so forth. In addition, 
it provides tensile strength and yield strength values for ferrous and nonferrous 
materials, and lists factors for limiting permanent strain in nickel, high-nickel alloys, 
and high-alloy steels. 

Subpart 2 of Part D has tables and charts providing physical properties, such as 
coefficient of thermal expansion, moduli of elasticity, and other technical data 
needed for design and construction of pressure-containing components and their 
supports made from ferrous and nonferrous materials. 


Effective Edition, Addenda, and Code Cases 


The application of ASME Section II is mandatory only when referenced by other 
sections of the ASME Boiler and Pressure Vessel Code, ASME B31, Code for 
Pressure Piping, and various other industry codes and standards? 
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The applicable edition and addenda of ASME Section II shall correspond to 
the edition and addenda of the referencing code or standard. 

Use of a later or the latest edition and addenda of ASME Section IT is permissible 
provided it is acceptable to the enforcement authorities having jurisdiction over 
the site where the component is to be installed. 

For items within the scope of ASME Section XI, the effective edition and 
addenda of ASME Section II shall be in accordance with the requirements of 
ASME Section XI. 

In case of nonnuclear items or applications, the effective edition addenda and 
code case shall be determined as described for ASME Section I. 

Use of code cases related to materials for ASME Section III applications may be 
made in accordance with the recommendations of Regulatory Guide 1.85, Materials 
Code Case Acceptability, ASME Section III, Division 1. The code cases, as approved 
with or without limitations and listed in Regulatory Guide 1.85, may be used. The 
code case(s) not listed as approved in Regulatory Guide 1.85 by the U.S. Nuclear 
Regulatory Commission (NRC) may only be used after seeking approval from 
the NRC. 


ASME SECTION Ill: NUCLEAR POWER 
PLANT COMPONENTS 


Scope 


Division 1 of ASME Section III contains requirements for piping classified as ASME 
Class 1, Class 2, and Class 3. ASME Section III does not delineate the criteria for 
classifying piping into Class 1, Class 2, or Class 3; it specifies the requirements for 
design, materials, fabrication, installation, examination, testing, inspection, certifi- 
cation, and stamping of piping systems after they have been classified Class 1, Class 
2, or Class 3 based upon the applicable design criteria and Regulatory Guide 1.26, 
Quality Group Classifications and Standards for Water-Steam, and Radio-Waste- 
Containing Components of Nuclear Power Plants. Subsections NB, NC, and ND 
of ASME III specify the construction requirements for Class 1, Class 2, and Class 
3 components, including piping, respectively. Subsection NF contains construction 
requirements for component supports, and a newly added Subsection NH contains 
requirements for 1 Class 1 Components in Elevated-Temperature Service. Subsec- 
tion NCA, which is common to Divisions 1 and 2, specifies general requirements 
for all components within the scope of ASME Section III. 

Division 3 of ASME Section III is a new addition to the code and contains 
requirements for containment systems and transport packaging for spent nuclear 
fuel and high-level radioactive waste. 

The construction requirements for ASME Class 1, Class 2, and Class 3 piping 
are based on their degree of importance to safety, with Class 1 piping being subjected 
to the most stringent requirements and Class 3 to the least stringent requirements. 
It is noted that a nuclear power plant does have piping systems other than ASME 
Class 1, Class 2, and Class 3, which are constructed to codes other than ASME 
Section III. For example, the fire protection piping systems are constructed to 
National Fire Protection Association (NFPA) standards, and most of the nonnuclear 
piping systems are constructed to ASME B31.1, Power Piping Code. 

When joining piping systems or components of different classifications, the more 
restrictive requirements shall govern, except that connections between piping and 
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FIGURE A4 Code jurisdiction at 
interface welds between ASME III pip- 
ing and components, and ASME/ANSI 
B31.1 piping. (a) Welds W1, W2, and 
W3 are between ASME III Class 1 pip- 
ing and ASME III Class 1 valves/com- 
ponents. These welds shall comply with 
the requirements for ASME III Class 1 
components. Weld W4 is between 
ASME III Class 1 valve and ASME III 
Class 2 piping. This weld shall comply 
with the requirements for ASME III 
Class 2 components; (b) Welds W1, W2, 
and W3 are between ASME III Class 
2 piping and ASME III Class 2 valves/ 
components. These welds shall comply 
with the requirements for ASME III 
Class 2 components. Weld W4 is be- 
tween ASME Class 2 valve/component 
and ASME III Class 3 piping. This weld 
shall comply with the requirements for 
ASME III Class 3 components; (c) 
Welds W1, W2, and W3 are between 
ASME III Class 3 piping and ASME 
III Class 3 valves/components. These 
welds shall comply with the require- 
ments for ASME III Class 3 compo- 
nents. Weld W4 is between ASME III 
Class 3 valve/component and ASME 
B31.1 piping. This weld shall comply 
with the requirements of ASME B31.1; 
(d) The connecting weld between two 
different ASME III classes of piping 
shall comply with more stringent re- 
quirements of the connecting classes of 
piping. In this case, the weld shall meet 
the requirements for ASME III Class 2 
components; (e) The connecting weld 
between ASME III Class 3 and ASME 
B31.1 piping shall comply with more 
stringent requirements of ASME III 
Class 3 piping. 


other components such as vessels, tanks, heat exchangers, and valves shall be 
considered part of the piping. For example, a weld between an ASME Class 1 valve 
and ASME Class 2 piping shall be made in compliance with the requirements of 
Subsection NC, which contains rules for ASME Class 2 components, including 


piping (refer to Fig. A4.2). 


Effective Edition, Addenda, and Code Cases 


Selection of effective editions and addenda of ASME Section III shall be based 


upon the following guidelines: 


Only the approved edition(s) and addenda of ASME Section III, incorporated 
by reference in 10 CFR 50.55a, Paragraph (b) (1) are to be used for construction 


of items within the scope of ASME Section III. 
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The latest published edition and addenda of ASME Section III may not be 
approved by the U.S. NRC; therefore, their use can only be made after seeking 
special permission from the U.S. NRC. Refer to 10 CFR 50.55a, Codes and Standards 
from time to time to find which edition and addenda of ASME Section III have 
been approved by the U.S. NRC. 

As per Subsubarticle NCA-1140, in no case shall the code edition and addenda 
dates established in the design specifications be earlier than three years prior to 
the date the nuclear power plant construction permit application is docketed. In 
addition, the guidelines of preceding paragraphs shall apply’: 

Code editions and addenda later than those established in the design specification 
and documents per the above-delineated approach may be used provided they are 
approved for use. Also, specific provisions within an edition or addenda later than 
those established in the design specifications and documents may be used provided 
all related requirements are met. 

All code items, including piping systems, may be constructed to a single code 
edition and addenda, or each item may be constructed to individually specified 
code editions and addenda. 

The use of code case(s) is optional. Only the U.S. NRC-approved code cases 
with or without limitations or additional requirements published in the following 
regulatory guides may be used without a specific request to the U.S. NRC for ap- 
proval: 


Regulatory Guide 1.84: Design and Fabrication Code Case Acceptability ASME 
Section III, Division 1. 


Regulatory Guide 1.85: Materials Code Case Acceptability ASME Section III, 
Division 1. 


The code cases not listed as approved in Regulatory Guides 1.84 and 1.85 may be 
used only after seeking permission from the U.S. NRC for the specific application. 


ASME SECTION V: 
NONDESTRUCTIVE EXAMINATION 


Scope 


ASME Section V comprises Subsection A, Subsection B, and mandatory and non- 
mandatory appendixes. Subsection A delineates the methods of nondestructive 
examination, and Subsection B contains various ASTM standards covering nonde- 
structive examination methods that have been adopted as standards. The standards 
contained in Subsection B are for information only and are nonmandatory unless 
specifically referenced in whole or in part in Subsection A or referenced in other 
code sections and other codes, such as ASME B31, Pressure Piping Code. 

The nondestructive examination requirements and methods included in ASME 
Section V are mandatory to the extent they are invoked by other codes and standards 
or by the purchaser's specifications. For example, ASME Section III requires radio- 
graphic examination of some welds to be performed in accordance with Article 2 
of ASME Section V 

ASME Section V does not contain acceptance standards for the nondestructive 
examination methods covered in Subsection A. The acceptance criteria or standards 
shall be those contained in the referencing code or standard. 
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Effective Edition, Addenda, and Code Cases 


The applicable edition and addenda of ASME Section V shall correspond to the 
edition and addenda of the referencing code. 


ASME SECTION VIII: PRESSURE VESSELS 


Scope 


The rules of ASME Section VIII constitute construction requirements for pressure 
vessels. Division 2 of ASME Section VIII delineates alternative rules of construction 
to Division 1 requirements. However, there are some differences between the scopes 
of the two divisions. Recently added Division 3 provides Alternative Rules for 
Construction of High-Pressure Vessels. 

The rules of ASME Section VIII apply to flanges, bolts, closures, and pressure- 
relieving devices of a piping system when and where required by the code governing 
the construction of the piping. For example, ASME B31.1 requires that the safety 
and relief valves on nonboiler external piping, except for reheat safety valves, shall 
be in accordance with the requirements of ASME Section VIII, Division 1, UG- 
126 through UG-133. 


Effective Edition, Addenda, and Code Cases 


Editions are effective on—and may be used on or after—the date of publication 
printed on the title page. 

Addenda are effective on—and may be used on or after—the date of issue. 
Addenda and revisions become mandatory as minimum requirements six months 
after date of issuance, except for pressure vessels contracted for prior to the end 
of the six-month period. 

Code cases may be used beginning with the date of their approval by the ASME. 
Use of revisions and addenda and code cases that are less restrictive than former 
requirements must not be made without assurance that they have been accepted by 
the proper authorities in the jurisdiction where the pressure vessel is to be installed. 


ASME SECTION IX: WELDING AND 
BRAZING QUALIFICATIONS 


Scope 


ASME Section IX consists of two parts—Part QW and Part QB—which deal 
with welding and brazing, respectively. In addition, ASME Section IX contains 
mandatory and nonmandatory appendixes. 

ASME Section IX requirements relate to the qualification of welders, welding 
operators, brazers, and brazing operators and the procedures used in welding and 
brazing. They establish the basic criteria for welding and brazing observed in the 
preparation of welding and brazing requirements that affect procedure and perfor- 
mance. 
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ASME Section IX is a supplemental code. The requirements of ASME Section 
IX apply when referenced by the governing code or standard or when specified in 
purchaser's specification. It is usually referenced in other sections of the ASME 
Boiler and Pressure Vessel Code and the ASME B31, Pressure Piping Code. 


Effective Edition, Addenda, and Code Cases 


The applicable edition and addenda of ASME Section IX shall correspond to the 
edition and addenda of the referencing code. However, the later or the latest edition 
or addenda of ASME Section IX may be used, provided it is acceptable to the 
enforcement authorities having jurisdiction. 

For safety-related items of an operating nuclear power plant, application of 
ASME Section IX will be in accordance with the requirements of ASME Section 
XI, Rules for Inservice Inspection of Nuclear Power Plant Components. 

For nonsafety-related items, the following guidelines apply: 


* Editions are effective and may be used on or after the date of publication on the 
title page. 

* Addenda are effective and may be used on or after the date of issue. 

* Addenda and revisions become mandatory as minimum requirements six months 
after the date of issue, except for pressure vessels or boilers contracted for prior 
to the end of the six-month period. 

* Code cases may be used beginning with the date of their approval by the ASME. 

* Use of revisions and addenda and code cases that are less restrictive than former 
requirements must not be made without assurance they have been accepted by 
the proper authorities in the jurisdiction where the item is to be installed. 


ASME SECTION XI: RULES FOR 
IN-SERVICE INSPECTION OF NUCLEAR POWER 
PLANT COMPONENTS 


Scope 


ASME Section XI comprises three divisions, each covering rules for inspection and 
testing of components of different types of nuclear power plants. These three 
divisions are as follows: 


ASME Section XI, Division 1: Rules for Inspection and Testing of Components 
of Light-Water-Cooled Plants 


ASME Section XI, Division 2: Rules for Inspection and Testing of Components 
of Gas-Cooled Plants 


ASME Section XI, Division 3: Rules for Inspection and Testing of Components 
of Liquid-Metal-Cooled Plants. 


Since the publication of the first edition of ASME Section XI in 1971, significant 
changes and additions have been incorporated, and as such, the organization of 
the later versions of ASME Section XI, Division 1, is considerably different from 
that of the first edition. 
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ASME Section XI, Division 1, provides the rules and requirements for in-service 
inspection and testing of light-water-cooled nuclear power plants. The rules and 
requirements identify, as a minimum, the areas subject to inspection, responsibilities, 
provisions for accessibility and inspectability, examination methods and procedures, 
personnel qualifications, frequency of inspection, record-keeping and report re- 
quirements, procedures for evaluating inspection results, subsequent disposition of 
results of evaluations, and repair requirements. 

Division 1 also provides for the design, fabrication, installation, and inspection of 
replacements. The jurisdiction of Division 1 of ASME Section XI covers individual 
components and complete power plants that have met all the requirements of the 
construction code, commencing at that time when the construction code require- 
ments have been met, irrespective of physical location. 

When portions of systems or plants are completed at different times, the jurisdic- 
tion of Division 1 shall cover only those portions on which all of the construction 
code requirements have been met. Rules of ASME Section XI apply to ASME 
Classes 1, 2, 3, and MC components and their supports, core support structures, 
pumps, and valves. 

Rules of ASME Section XI, Division 1, apply to modifications made to ASME 
III components and their supports after all of the original construction code require- 
ments have been met. 

Rules of ASME Section XI, Division 1, apply to systems, portions of systems, 
components, and their supports not originally constructed to ASME Section III 
requirements but based on their importance to safety if they were classified as 
ASME Classes 1, 2, 3, and MC. 


Effective Edition, Addenda, and Code Cases 


Section 10 CFR 50.55a, Codes and Standards, of the Code of Federal Regulations 
requires compliance with ASME Section XI for operating nuclear power plants. 
In addition, 10 CFR 50.55a, Paragraph (b)(2) delineates the editions and addenda 
of ASME Section XI that are approved for use. Only the approved editions and 
addenda of ASME Section XI are to be used. The latest published edition and 
addenda may not be approved by the U.S. NRC; therefore, they can only be used 
after seeking special permission from the U.S. NRC. 

Itis recommended that one refer to 10 CFR 50.55a from time to time to determine 
which edition and addenda of ASME Section XI have been approved by the U.S. 
NRC and which edition and addenda may be applicable to a nuclear power plant 
at a particular time. 

The requirements of 10 CFR 50.55a are based on the construction permit (CP) 
docket date and the operating license (OL) date of the nuclear plant. 

Code editions and addenda later than those established for a particular applica- 
tion in conformance with the requirements of 10 CFR 50.55a may be used provided 
they are approved and all related requirements of respective editions or addenda 
are met. 

While establishing a particular edition and addenda of ASME Section XI, con- 
sider the limitations and modifications to the specific editions and addenda deline- 
ated in Paragraph (b)(2) of 10 CFR 50.55a, and ensure compliance to those limita- 
tions and modifications, as applicable. 

For repairs and replacements, the applicable edition and addenda shall be the 
one in effect for that in-service inspection (ISI) interval during which the repairs 


A.190 PIPING FUNDAMENTALS 


and replacements are to be made. Refer to articles IWA-4000 and IWA-7000 of 
ASME Section XI. 


Applicable Code Cases 


Like the code edition and addenda, code cases are regularly reviewed by the U.S. 
NRC. The U.S. NRC-approved code cases with or without limitations or additional 
requirements are published in the Regulatory Guide 1.147, In-Service Inspection 
Code Case Acceptability of ASME Section XI, Division 1.4 

Acceptance or endorsement by the U.S. NRC staff applies only to those code 
cases or code case revisions with the date of ASME Council approval, as shown 
in the Regulatory Guide 1.147. 


ASME B31: CODE FOR PRESSURE PIPING 


Starting with Project B31 in March 1926, the first edition of American tentative 
Standard Code for Pressure Piping was published in 1935. In view of continuous 
industry developments and increases in diversified needs over the years, decisions 
were made to publish several sections of the Code for Pressure Piping. Since 
December 1978, the American National Standards Committee B31 was reorganized 
as the ASME Code for Pressure Piping B31 Committee under procedures developed 
by the ASME and accredited by ANSI. 

Presently, the following sections of ASME B31, Code for Pressure Piping are pub- 
lished:* 


ASME B31.1 Power Piping 

USAS B31.2 Fuel Gas Piping 

ASME B31.3 Process Piping 

ASME B31.4 Liquid Transportation Systems for Hy- 


drocarbons, Liquid Petroleum Gas, 
Anhydrous Ammonia, and Alcohol 


ASME B31.5 Refrigeration Piping 

ASME B31.8 Gas Transmission and Distribution Pip- 
ing Systems 

ASME B31.9 Building Services Piping 

ASME B31.11 Slurry Transportation Piping Systems 


ASME B31.1: POWER PIPING CODE 


Scope 


ASME B31.1, Power Piping Code, prescribes requirements for the design, material, 
fabrication, erection, test, and inspection of power and auxiliary service piping 


* USAS B31.2 was withdrawn in 1988, but it is available for historical and reference purposes. 
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systems for electric generation stations, industrial and institutional plants, central 
and district heating plants, and district heating systems. It does not apply to piping 
systems covered by other sections of the Code for Pressure Piping, and other piping 
which is specifically excluded from the scope of this code.’ 

As explained earlier, the BEP is required to meet administrative jurisdictional 
requirements of ASME Section I; however, pipe connections meeting all other 
requirements of ASME B31.1 but not exceeding nominal pipe size (NPS) v? may 
be welded to boiler external pipe or boiler headers without inspection and stamping 
required by ASME Section I. 

Nonboiler external piping is defined as all the piping covered by ASME B31.1 
with the exception of BEP. The nonboiler external piping must be constructed in 
accordance with the requirements of this code. 

In addition to the piping systems covered by other sections of ASME B31, 
Pressure Piping Code, ASME B31.1 does not cover the following: 


* Economizers, heaters, pressure vessels, and components covered by the ASME 
Boiler and Pressure Vessel Code (except the connecting piping not covered by 
the ASME Boiler and Pressure Vessel Code shall meet the requirements of 
ASME B31.1) 


Building heating and distribution steam piping designed for 15 psig (100 kPa 
gauge) or less, or hot-water heating systems piping designed for 30 psig (200 kPa 
gauge) or less 


* Piping for roof and floor drains, plumbing, sewers, and sprinkler and other fire- 
protection systems 


Piping for hydraulic or pneumatic tools and their components downstream of the 
first stop valve off the system distribution header 


* Piping for marine or other installations under federal control 

* Piping covered by other sections of ASME B31 and ASME Section III 

* Fuel gas piping within the scope of ANSI Z 223.1, National Fuel Gas Code 
* Pulverized fuel piping within the scope of NFPA 


The requirements of this code apply to central and district heating systems for 
distribution of steam and hot water away from the plants whether underground or 
elsewhere, and geothermal steam and hot water piping both to and from wellheads. 

The construction of fuel gas or fuel oil piping brought to plant site from a 
distribution system inside the plant property line is governed by the requirements 
of ASME B31.1 when the meter assembly is located outside the plant property 
line. In cases where the meter assembly is located within the plant property line, 
the requirements of this code shall apply to the fuel gas and fuel oil piping down- 
stream from the outlet of the meter assembly (see Fig. A4.3). 

This code also applies to gas and oil systems piping other than that shown in 
Fig. A4.3. It covers air systems, hydraulic fluid systems piping, and the steam-jet 
cooling systems piping which are part of the power plant cycle. In addition, building 
services within the scope of ASME B31.9 but outside the limits of Paragraph 900.1.2 
of B31.9 are required to be designed in accordance with ASME B31.1. 


Effective Edition, Addenda, and Code Cases 


Prior to the publication and implementation of ASME Section III for construction 
of nuclear power plant components, in some nuclear power plants the safety-related 
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FIGURE A43 Jurisdiction of ASME B31.1, B31.4, and B31.8 Over Fuel Gas 
and Fuel Oil Piping. 


piping systems now classified as ASME Classes 1, 2, and 3 were constructed to 
earlier versions of AMSE B31.1. Therefore, the repairs and replacements of those 
safety-related piping systems may be made in accordance with the edition and 
addenda of ANSI B31.1 used for the original construction or the later edition and 
addenda of ANSI B31.1. Refer to Article IWA-4000 and Article IWA7000 of ASME 
Section XI for requirements related to repairs and replacements, respectively. 

For power piping systems other than the nuclear safety-related piping systems 
constructed and new piping systems to be constructed to ASME B31.1, the following 
guidelines shall be used to determine the effective edition and addenda of 
ASME B21.1: 


Editions are effective and may be used on or after the date of publication printed 
on the title page. Addenda are effective and may be used on or after the date 
of publication printed on the title page 


The latest edition and addenda, issued six months prior to the original contract 
date for the first phase of the activity covering a piping system(s) shall be the 
governing document for design, materials, fabrication, erection, examination, and 
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testing activities for the piping system(s) until the completion of the work and initial 
operation." Unless agreement is specifically reached between the contracting parties, 
no code edition and/or addenda shall be retroactive. 

Code cases may be used after they have been approved by the ASME Council. 
The provisions of a code case may be used even after its expiration or withdrawal, 
provided the code case was effective on the original contract date and it was used 
for original construction or was adopted prior to completion of work and the 
contracting parties agreed to its use. 

Do not use revisions and code cases that are less restrictive than former require- 
ments without having assurance that they have been accepted by the proper authori- 
ties in the jurisdictions where the piping is to be installed. 


USAS B31.2: FUEL GAS PIPING 


In 1955 a decision was made to publish separate code sections of B31, Code for 
Pressure Piping. Consequently, Section 2 of B31.1-1955 was updated and revised 
to publish as USAS B31.2—1968, Fuel Gas Piping. No edition of this code section 
was published after 1968. This code was withdrawn in 1988. 


Scope 


USAS B31.2 covers the design, fabrication, installation, and testing of piping systems 
for fuel gases such as natural gas, manufactured gas, and liquefied petroleum gas 
(LPG); air mixtures above the upper combustible limit; LPG in the gaseous phase; 
or mixtures of these gases. 

This code applies to fuel gas piping systems both within and between the build- 
ings, from the outlet of the consumer meter assembly, and to and including the 
first pressure-containing valve upstream of the gas utilization device. 

This code does not apply to: 


* Vacuum piping systems 
* Fuel gas piping systems with metal temperatures above 450°F or below —20°F 


* Fuel gas piping systems within petroleum refineries, loading terminals, natural 
gas processing plants, bulk plants, compounding plants, or refinery tank farms, 
and so forth within the scope of USAS B31.3 


* Fuel gas piping systems in power and atomic energy plants within the scope of 
USAS B31.1 


* Fuel gas piping systems within the scope of USAS B31.8 
* Fuel gas piping systems within the scope of USAS Z21.30 
* Piping systems within the scope of USAS Z106.1 


* Proprietary items of equipment, apparatus, or instruments, such as compressors, 
gas-generating sets, and calorimeters 

* Design and fabrication of pressure vessels covered by the ASME Boiler and 
Pressure Vessel Code 


* Support structures and equipment such as stanchions, towers, building frames, 
pressure vessels, mechanical equipment, and foundations 
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* Piping systems for conveying premixed fuel gas-air mixtures which are in the 
combustible or inflammable limits or range 


Effective Edition, Addenda, and Code Cases 
USAS B31.2 is no longer used. It can be used for installations which were constructed 


in compliance with 1968 edition of this code, if permitted by the authorities having 
the jurisdiction. 


ASME B31.3: PROCESS PIPING 


Scope 


This code prescribes requirements for the materials, design, fabrication, assembly, 
erection, examination, inspection, and testing of piping within the property limits 
of facilities engaged in the processing or handling of chemical petroleum or related 
products. Figure A4.4 provides an illustration of the scope of ASME B31.3. The 
requirements of ASME B31.3 apply to piping for all fluids, including raw, intermedi- 
ate, and finished chemicals; petroleum products, gas, steam, air, and water; fluidized 
solids; and refrigerants. 

In case of packaged equipment, the interconnecting piping with the exception 
of refrigeration piping shall be in compliance with the requirements of ASME 
B31.3. The refrigeration piping may conform to either ASME B31.3 or ASME B31.5. 

The requirements of ASME B31.3 do not apply to piping systems designed for 
internal gauge pressures at or above 0 but less than 15 (100 kPa gauge) psig provided 
the fluid handled is nonflammable, nontoxic, and not damaging to human tissue 
and its design temperature is from —29°C (—20°F) through 180°C (366°F). 

The following piping and equipment are not required to comply with the require- 
ments of ASME B31.3: 


* Power boiler and the boiler external piping 

* Piping covered by ASME B31.4, B31.8, or B31.11, although located on the com- 
pany property 

¢ Piping covered by applicable governmental regulations 

* Piping for fire-protection systems 

¢ Plumbing, sanitary sewers, and storm sewers 


* Tubes, tube headers, crossovers, and manifolds of fired heaters which are internal 
to the heater enclosures 

* Pressure vessels, heat exchangers, pumps, compressors, and other fluid-handling 
or processing equipment, including internal piping and connections for exter- 
nal piping 


Effective Edition, Addenda, and Code Cases 
The effective edition, addenda, and code cases shall be determined similarly to the 


approach delineated for ASME B31.1 for piping systems other than the nuclear 
safety-related piping systems. 
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FIGURE A4.4 B31.3 Jurisdictional Limits and Options. (Source: ASME B31.3). 
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ASME B31.4: LIQUID TRANSPORTATION 
SYSTEMS FOR HYDROCARBONS, LIQUID 
PETROLEUM GAS, ANHYDROUS AMMONIA, 
AND ALCOHOLS 


Scope 


Section B31.4 of the ASME Pressure Piping Code prescribes requirements for the 
design, materials, construction, assembly, inspection, and testing of piping trans- 
porting liquids such as crude oil, condensate, natural gasoline, natural gas liquids, 
liquefied petroleum gas, liquid alcohol, liquid anhydrous ammonia, and liquid petro- 
leum products between producers' lease facilities, tank farms, natural-gas processing 
plants, refineries, stations, ammonia plants, terminals, and other delivery and receiv- 
ing points. 
The scope of ASME B314 also includes the following: 


* Primary and associated auxiliary liquid petroleum and liquid anhydrous ammonia 
piping at pipeline terminals (marine, rail, and truck), tank farms, pump stations, 
pressure-reducing stations, and metering stations, including scraper traps, strain- 
ers, and prover loops 


* Storage and working tanks, including pipe-type storage fabricated from pipe and 
fittings, and piping interconnecting these facilities 


* Liquid pertroleum and liquid anhydrous ammonia piping located on property 
which has been set aside for such piping within petroleum refinery, natural gaso- 
line, gas processing, ammonia, and bulk plants 


* Those aspects of operation and maintenance of liquid pipeline systems relating 
to the safety and protection of the general public, operating company personnel, 
environment, property, and the piping systems 


ASME B31.4 does not apply to 


* Auxiliary piping such as water, air, steam, lubricating oil, gas, and fuel 


* Pressure vessels, heat exchangers, pumps, meters, and other such equipment, 
including internal piping and connections for piping except as limited by Paragraph 
423.2.4 (b) of ASME B31.4 


¢ Piping designed for internal pressures: 
a. At or below 15 psi (100 kPa) gauge pressure regardless of temperature 
b. Above 15 psi (100 kPa) gauge pressure if design temperature is below —20°F 
(—29*C) or above 250°F (120°C) 
* Casing, tubing, or pipe used in oil wells, wellhead assemblies, oil and gas separa- 
tors, crude oil production tanks, other producing facilities, and pipelines intercon- 
necting these facilities 


* Petroleum refinery, natural gasoline, gas processing, ammonia, and bulk plant 
piping, except as covered within the scope of the code 


* Gas transmission and distribution piping 


* The design and fabrication of proprietary items of equipment, apparatus, or 
instruments, except as limited by this code 
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* Ammonia refrigeration piping systems provided for in ASME B31.5, Refrigeration 
Piping Code 

* Carbon dioxide gathering and field distribution systems 

The rules of this code provide for protection of the general public and operating 

company personnel, for reasonable protection of the piping system against vandal- 


ism and accidental damage by others, and for reasonable protection of the envi- 
ronment. 


Effective Edition, Addenda, and Code Cases 
To determine the effective edition, addenda, and code cases for an application 


within the jurisdiction of ASME B31.4, follow the requirements delineated for 
ASME B31.1 for piping systems other than nuclear safety-related piping systems. 


ASME B31.5: REFRIGERATION PIPING 


Scope 


This section of ASME B31, Pressure Piping Code, contains requirements for the 

materials, design, fabrication, assembly, erection, testing, and inspection of refriger- 

ant and secondary coolant piping for temperatures as low as —320°F (—195.5°C), 

except when other sections of the code cover requirements for refrigeration piping. 
ASME B31.5 does not apply to the following: 


* Self-contained or unit systems subject to the requirements of Underwriters’ Labo- 
ratories (UL) or other nationally recognized testing laboratories 


* Water piping 
* Piping designed for external or internal gauge pressure not exceeding 15 psig 
(100 kPa) 


Effective Edition, Addenda, and Code Cases 


To determine the effective edition, addenda, and code cases for piping systems 
within the jurisdiction of ASME B31.5, follow the guidelines delineated for nonnu- 
clear piping systems within the jurisdiction of ASME B31.1. 


ASME B31.8: GAS TRANSMISSION AND 
DISTRIBUTION PIPING SYSTEMS 


Scope 


A pipeline or transmission line is defined as that pipe which transmits gas from a 
source or sources of supply to one or more large-volume customers or to a pipe 
used to interconnect sources of supply. ASME B31.8 prescribes requirements for 
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the design, fabrication, installation, testing, and safety aspects of operation and 
maintenance of gas transmission and distribution piping systems, including gas 
pipelines, gas compressor stations, gas metering and regulation stations, gas mains, 
and service lines up to the outlet of the customer's meter set assembly. 

Also included within the scope of ASME B31.8 are gas storage equipment of 
the closed-pipe type, fabricated or forged from pipe or fabricated from pipe and 
fittings, and gas storage lines. 

The requirements of ASME B31.8 also apply to the use of elements of piping 
systems, including but not limited to pipe, valves, fittings, flanges, bolting, gaskets, 
regulators, pressure vessels, pulsation dampeners, and relief valves. 

The requirements of ASME B31.8 are applicable to operating and maintenance 
procedures of existing installations and to the update of existing installations. 

ASME B21.8 does not apply to the following: 


* Design and manufacture of pressure vessels covered by the ASME Boiler and 
Pressure Vessel Code 


* Piping with metal temperatures above 450°F (232°C) or below —20°F (—29°C) 


* Piping beyond the outlet of the customer's meter set assembly (refer to ANSI 
2223.1 and NFPA 54) 


* Piping in oil refineries or natural gasoline extraction plants, gas-treating plant 
piping other than the main gas stream piping in dehydration, and all other pro- 
cessing plants installed as part of a gas transmission system, gas manufacturing 
plants, industrial plants, or mines (see other applicable sections of the ASME 
Code for Pressure Piping, B31) 


* Vent piping to operate at substantially atmospheric pressures for waste gases of 
any kind 

* Wellhead assemblies, including control valves, flow lines between wellhead and 
trap or separator, or casing and tubing in gas or oil wells 


* The design and manufacture of proprietary items of equipment, apparatus, or in- 
struments 


* The design and manufacture of heat exchangers 

* Liquid petroleum transportation piping systems (refer to ANSI/ASME B31.4) 
* Liquid slurry transportation piping systems (refer to ASME B31.11) 

* Carbon dioxide transportation piping systems 

* Liquefied natural gas piping systems (refer to NFPA 59 and ASME B31.3) 


Effective Code Edition, Addenda, and Code Cases 


To determine the effective edition, addenda, and code cases to be invoked for an 
application or piping systems within the jurisdiction of ASME B31.8, follow the 
criteria delineated for piping systems within the scope of ASME B3 1.1: 

No edition and addenda shall be applied retroactively to existing installations 
insofar as design, fabrication, installation, and testing at the time of construction 
are concerned. Further, no edition and addenda shall be applied retroactively to 
established operating pressures of existing installations, except as provided for in 
Chapter V of ASME B31.8. 
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ASME B31.9: BUILDING SERVICES PIPING 


Scope 
ASME B31.9 applies to the following building services: 


* Water for heating and cooling 

* Condensing water 

* Steam or other condensate 

* Steam 

* Vacuum 

* Compressed air and other nontoxic and nonflammable gases 


The requirements of this code also apply to boiler external piping for steam boilers 
with 15 psig (103.5 kPa) maximum pressure and for water heating units having 160 
psig (1104 kPa) maximum pressure and 250°F (121°C) maximum temperatures. It 
is noted that the boiler external piping exceeding the above limits of pressure and 
temperature fall within the scope of ASME B31.1 and ASME Section I. 

This code places size and thickness limitations on the piping made of different 
materials. The requirements of this code shall apply to the piping of up to and 
including those sizes and thicknesses. These limitations are as follows: 


* Carbon steel: NPS 30 (DN 750) in O.D. and 0.500 in (12.7 mm) wall 

e Stainless steel: NPS 12 (DN 300) and 0.500 in (12.7 mm) wall 

e Aluminum: NPS 12 (DN 300) 

* Brass and copper: NPS 12 (DN 300) (12.125 in or 308 mm O.D. for copper tubing) 
* Thermoplastics: NPS 14 (DN 350) 

* Ductile iron: NPS 18 (DN 450) 

* Reinforced thermosetting resin: NPS 14 (DN 350) 


Piping made of other materials permitted by this code may also be used for build- 
ing services. 

The piping within the working pressure or temperature limits shown in Table 
A4.1 shall be designed and constructed in compliance with the requirements of 
ASME B21.9. 


TABLE A4.1 Working Pressure and Temperature Limits of ASME B31.9 


Pressure limit Temperature limit 
Service Pressure Service Temperature 
Steam and condensate — 150 psig (1000 kPa) Steam and condensate 366°F (186°C) 
Air and gas 150 psig (1000 kPa) 
Liquids 350 psig (2300 kPa) Gases and vapors 200°F (93°C) 
Nonflammable liquids — 250°F (121°C) 
Vacuum 1 atm external pressure Minimum temperature O°F (—18°C) 


(100 kPa) (all services) 
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ASME B31.9 does not cover requirements for economizers, heaters, pumps, 
tanks, heat exchangers, and other equipment within the scope of ASME Boiler 
and Pressure Vessel Code. 


Effective Code Edition, Addenda, and Code Cases 


For any specific application, the effective edition, addenda, and code cases of 
ASME B31.9 shall be determined in accordance with the approach followed for 
ASME B21.1. 


ANSI/ASME B31.11: SLURRY TRANSPORTATION 
PIPING SYSTEMS 


Scope 


Like ASME B314, this section of ASME B31, Pressure Piping Code, specifies 
minimum requirements for the design, materials, construction, assembly, inspection, 
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FIGURE A4.5 Scope of ANSI/ASME B31.11 Facilities Indicated by 
Solid Lines are within the Scope of ANSI/ASME B31.11. (Source Figure 
1100.11, ANSI/ASME B31.11). 
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testing, operation, and maintenance of piping transporting aqueous slurries of non- 
hazardous materials, such as oil, mineral ores, and concentrates, between a slurry 
processing plant or terminal and a receiving plant or terminal. The requirements 
of ASME B31.11 also apply to the following: 


1. Primary and auxiliary slurry piping at storage facilities, pipeline terminals, pump 
stations, and pressure-reducing stations, including piping up to the first valve of 
attached auxiliary water lines 

2. Slurry piping storage facilities and other equipment located on property which 
has been set aside for the slurry transportation system 

3. Those aspects of operation and maintenance of slurry transportation piping 
systems which relate to the safety and protection of the general public, operating 
company personnel, environment, property, and the piping systems. 


Refer to Fig. A4.5 for facilities within the scope of ANSI/ASME B31.11. 


Effective Code Edition, Addenda, and Code Cases 
The effective edition, addenda, and code cases applicable for piping within the 


scope of ANSI/ASME B31.11 shall be determined in accordance with the guidelines 
delineated for ASME B31. 


ASME PERFORMANCE TEST CODES 


The ASME Performance Test Codes (PTC) were originally known as Power Test 
Codes. These codes provide standard directions and rules for conducting and re- 
porting tests of specific materials such as fuels, equipment, and processes or functions 
related to power plants. Listed here are some Performance Test Codes which may 
be of interest in regard to piping: 


PTC 1-91 General Instructions 

PTC 2-80 Definitions and Values (R 1985) 

PTC 4.1-64 Steam Generating Units (R 1991) 

PTC 4.3-68 Air Heaters (R 1991) 

PTC 4.4-81 Gas Turbine Heat Recovery Steam Gen- 
erators (R 1992) 

PTC 6A-82 Appendix A to Test Code for Steam 
Turbine (R 1995) 

PTC 7-49 Reciprocating Steam-Driven Displace- 
ment Pumps (R 1969) 

PTC 7.1-62 Displacement Compressors, Vacuum 
Pumps, and Blowers (R 1969) 

PTC 10-65 Compressors and Exhaustors (R 1992) 

PTC 12.2-83 Code on Steam Condensing Apparatus 
(R 1988) 


PTC 12.3-77 Deaerators (R 1995) 
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PTC 12.4-92 Moisture Separator Reheaters 

PTC 14-70 Evaporating Apparatus (R 1991) 

PTC 16-58 Gas Producers and Continuous Gas 
Generators (R 1991) 

PTC 18-92 Hydraulic Turbines 

PTC 19.2-87 Pressure Measurement Instruments 
and Apparatus 

PTC 19.3-74 Temperature Measurement Instruments 
and Apparatus (R 1986) 

PTC 19.5-72 Application Part II of Fluid Meters 

PTC 19.16-65 Density Determination of Solids and 
Liquids 

PTC 19.17-65 Determination of the Viscosity of Liq- 
uids Instruments and Apparatus 

PTC 22-85 Gas Turbine Power Plants 

PTC 25-94 Pressure Relief Services 

PTC 32.1-69 Nuclear Steam Supply Systems (R 1992) 


AMERICAN NATIONAL STANDARDS INSTITUTE 


The American National Standards Institute (ANSI) was earlier known as the Ameri- 
can Standards Association (ASA). For a short period of time, from 1967 to 1969, 
it was called the United States of America Standards Institute (USASI). 

ANSI provides a forum for development or obtaining a consensus for approval 
of standards having national impact and serves as a focal point for distribution of 
national and other standards, including those developed and issued by the Interna- 
tional Organization for Standardization (ISO) and foreign governments. Develop- 
ment and approval functions are performed by committees representing a cross 
section of affected interests, such as engineering societies, manufacturers, trade 
institutes, fabricators, builders, universities, unions, insurance companies, and gov- 
ernment agencies. Many of the committees are chaired or sponsored by engineering 
societies, such as ASME and the Institute of Electrical and Electronics Engi- 
neers (IEEE). 

Safety is the basic objective of the engineering design and construction require- 
ments contained in standards developed, approved, and distributed by ANSI. The 
ANSI standards include prohibition for practices considered unsafe and cautions 
where advisory warnings, instead of prohibitions, are deemed necessary. 

This chapter provides a brief discussion of various sections of ASME B31, 
Pressure Piping Code, which was earlier known as ANSI B31, Pressure Piping 
Code. It is envisioned that other ANSI standards may eventually become known 
as ASME standards; however, they shall be subjected to approval of the ANSI. 
The following ANSI standards contain provisions related to piping. 


ANSI Standards 


A13.1-96 Scheme for the Identification of Piping 
Systems 


A112.1.2-91 Air Gaps in Plumbing Systems 
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A112.6.1M-88 Supports for Off-the-Floor Plumbing 
Fixtures for Public Use 

A112.18.1M-96 Plumbing Fixture Fittings 

A112.19.IM-94 Enameled Cast Iron Plumbing Fixtures 

A112.19.3M-87 Stainless Steel Plumbing Fixtures (de- 
signed for residential use) (R1996) 

A112.21.1M-91 Floor Drains 

A112.21.2M-83 Roof Drains (revision of ANSI 
A112.21.2-1971) 

A112.36.2M-91 Cleanouts (revision of ANSI 
A112.36.2-1983) 

AG-1-94 Code on Nuclear Air and Gas 
Treatment 

B1.1 Unified Inch Screw Threads 

B1.20.1-83 Pipe Threads General Purpose (Inch) 


(revision and redesignation of 
ASME/ANSI B2.1-1968) (R1992) 


B1.20.3-76 Dryseal Pipe Threads (Inch) (revision 
and redesignation of B2.2-1968) 
(R1991) 

B16.1-89 Cast Iron Pipe Flanges and Flanged Fit- 
tings 

B16.3-92 Malleable Iron Threaded Fittings; 
Classes 150 and 300 

B16.4.92 Cast Iron Threaded Fittings; Classes 125 
and 250 

B16.5-96 Pipe Flanges and Flanged Fittings 

B16.9-93 Factory-Made Wrought Steel Butt- 
Welding Fittings 

B16.10-92 Face-To-Face and End-To-End Dimen- 
sions of Valves 

B16.11-96 Forged Steel Fittings, Socket-Welding 
and Threaded 

B16.12-91 Cast Iron Threaded Drainage Fittings 

B16.14-91 Ferrous Pipe Plugs, Bushings, and Lock- 
nuts with Pipe Threads 

B16.15-85 Cast Bronze Threaded Fittings; Classes 
125 and 250 

B16.18-84 Cast Copper Alloy Solder Joint Pressure 
Fittings (R1994) 

B16.22-95 Wrought Copper and Copper Alloy Sol- 
der Joint Pressure Fittings 

B16.23-92 Cast Copper Alloy Solder Joint Drain- 


age Fittings 
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B16.24-91 


B16.25-97 
B16.26-88 


B16.28-94 


B16.29-94 


B16.32-92 


B16.33-90 


B16.34-96 


B16.36-96 


B16.38-85 


B16.39-86 


B16.40-85 


B16.41-83 


B16.42-87 


B16.44-95 
B16.45-87 
B16.47-96 
B18.2.1-96 
B18.2.2-87 
B18.2.3.1M-79 
B18.2.3.2M-79 


B18.2.3.3M-79 
B18.2.3.4M-84 
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Bronze Pipe Flanges and Flanged Fit- 
tings; Classes 150 and 300 

Butt-Welding Ends 

Cast Copper Alloy Fittings for Flared 
Copper Tubes 

Wrought Steel Butt-Welding Short Ra- 
dius Elbows and Returns 

Wrought Copper and Wrought Copper 
Alloy Solder Joint Drainage Fittings 

Cast Copper Alloy Solder Joint Fittings 
for Solvent Drainage Systems 

Manually Operated Metallic Gas Valves 
for Use in Gas Piping Systems up to 
125 psig (sizes Y? through 2) 

Valves—Flanged, Threaded, and Weld- 
ing End 

Orifice Flanges 

Large Metallic Valves for Gas Distribu- 
tion (manually operated, NPS 2 % to 
12, 125 psig maximum) (R1994) 

Malleable Iron Threaded Pipe Unions; 
Classes 150, 250, and 300 (R1994) 

Manually Operated Thermoplastic Gas 
Shutoffs and Valves in Gas Distribu- 
tion Systems (R1994) 

Functional Qualification Requirements 
for Power-Operated Active Valve As- 
semblies for Nuclear Power Plants 
(R1989) 

Ductile Iron Pipe Flanges and Flanged 
Fittings; Classes 150 and 300 
(R1997) 

Manually Operated Metallic Gas Valves 
for Use in House Piping Systems 

Cast Iron Fittings for Sovent Drainage 
Systems 

Large Diameter Steel Flanges NPS 26 
through NPS 60 

Square and Hex Bolts and Screws (Inch 
Series) Including Hex Cap Screws and 
Lag Screws; Supplement 1318.2.1 

Square and Hex Nuts (Inch Series) 

Metric Hex Cap Screws (R1995) 

Metric Formed Hex Screws (R1995) 

Metric Heavy Hex Screws (R1995) 

Metric Hex Flange Screws (R1995) 


B18.2.3.5M-79 


B18.2.3.6M-79 
B18.2.4.1M-79 
B18.2.4.2M-79 
B18.2.4.3M-79 
B18.2.4.4M-82 
B18.2.4.5M-79 
B18.2.4.6M-79 
B18.5-90 
B18.5.2.1M-81 


B18.5.2.2M-82 


B18.15-85 
B18.18.1M-87 


B18.18.3M-87 


B18.18.4M-87 


B18.21.1-72 


B18.21.2M-94 


B18.22M-81 
B18.22.1-65 


B32.5-77 


B32.6M-84 


B36.10M-96 


B36.19M-85 


MFC-1M-91 


MFC-6M-87 
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Metric Hex Bolts; Errata-May 1981 
(R1995) 


Metric Heavy Hex Bolts (R1995) 
Metric Hex Nuts, Style 1 (R1995) 
Metric Hex Nuts, Style 2 (R1995) 
Metric Slotted Hex Nuts (R1995) 
Metric Hex Flange Nuts (R1993) 
Metric Hex Jam Nuts (R1990) 
Metric Heavy Hex Nuts (R1990) 
Round Head Bolts (Inch Series) 


Metric Round Head Short Square Neck 
Bolts (R1995) 


Metric Round Head Square Neck 
Bolts (R1993) 


Forged Eyebolts (R1995) 


Inspection and Quality Assurance for 
General Purpose Fasteners (R1994) 


Inspection and Quality Assurance for 
Special Purpose Fasteners (R1993) 


Inspection and Quality Assurance for 
Fasteners for Highly Specialized Engi- 
neered Applications (R1993) 


Lock Washers (Inch Series) 
Lock Washers (Metric Series) 
Metric Plain Washers (R1990) 


Plain Washers (reaffirmation and re- 
designation of ASA 13272-1965) 
(R1990) 


Preferred Metric Sizes for Tubular 
Metal Products Other than Pipe 
(R1988) 


Preferred Metric Equivalents of Inch 
Sizes for Tubular Products Other than 
Pipe (revision of ANSI B32.6-1977) 
(R1994) 


Welded and Seamless Wrought Steel 
Pipe (revision of ANSI B36.10) 


Stainless Steel Pipe (revision of ANSI 
B36.19) 


Glossary of Terms Used in the Measure- 
ment of Fluid Flow in Pipes 


Measurement of Fluid Flow in Pipes Us- 
ing Vortex Flow Meters 
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MFC-7M-87 


N45.2.1-80 


N278.1-75 


NQA-1-1997 


TDP-1-85 


TDP-2-85 


ANSI Guides/Manuals 


1986 


B31 Guide-77 


B31 Guide-91 


1001-88 


1003-93 


1037-90 


1045-87 
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Measurement of Gas Flow by Means of 
Critical Flow Venturi Nozzles 
(R1992) 


Cleaning of Fluid Systems and Associ- 
ated Components for Nuclear Power 
Plants 


Self-Operated and Power-Operated 
Safety-Related Valves Functional 
Specification Standard, Reactor Plants 
and Their Maintenance (R 1992) 


Quality Assurance Program Require- 
ments for Nuclear Facilities 


Recommended Practices for the Preven- 
tion of Water Damage to Steam Tur- 
bines Used for Electric Power Gener- 
ation (Fossil) 


Recommended Practices for the Preven- 
tion of Water Damage to Steam Tur- 
bines Used for Electric Power Gener- 
ation (Revision of ASME Standard 
No. TWDPS-1-1973, Part 2) (Nuclear) 


Guide for Gas Transmission and Distri- 
bution Piping Systems-1986; Addenda 
1-1986, Addenda 2-1987, Addenda 
3-1987 


Corrosion Control for ANSI B31.1, 
Power Piping Systems 


Manual for Determining the Remaining 
Strength of Corroded Pipelines (a 
supplement to ASME B31 Code for 
Pressure Piping) 


Performance Requirements for Pipe 
Applied Atmospheric Type Vacuum 
Breakers 


Performance Requirements for Water 
Pressure Reducing Valves 


Performance Requirements for Pressur- 
ized Flushing Devices (Flushometers) 
for Plumbing Fixtures 


Performance Standard and Installation 
Procedures for Aluminum Drain, 
Waste, and Vent Pipe with End Cap 
Components 
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Other ASME/ANSI Publications 


The following is a list of additional ASME/ANSI publications which are of interest 
to people engaged in piping design, construction, operation, and maintenance activ- 
ities: 


B16.20-93 Metallic Gaskets for Pipe Flanges— 
Ring Joint, Spiral-Wound and 
Jacketed 

B16.21-92 Nonmetallic Flat Gaskets for Pipe 
Flanges 


AMERICAN SOCIETY FOR TESTING 
AND MATERIALS 


The American Society for Testing and Materials (ASTM) is a scientific and technical 
organization that develops and publishes voluntary standards on the characteristics 
and performance of materials, products, systems, and services. The standards pub- 
lished by the ASTM include test procedures for determining or verifying characteris- 
tics, such as chemical composition, and measuring performance, such as tensile 
strength and bending properties. The standards cover refined materials, such as steel, 
and basic products, such as machinery and fabricated equipment. The standards are 
developed by committees drawn from a broad spectrum of professional, industrial, 
and commercial interests. Many of the standards are made mandatory by reference 
in applicable piping codes. 

The ASTM standards are published in a set of 67 volumes. Each volume is 
published annually to incorporate new standards and revisions to existing standards 
and to delete obsolete standards. Listed here are the 67 volumes, divided among 
16 sections, published by the ASTM. 


Section 1: Iron and Steel Products 


Volume 01.01 Steel— Piping, Tubing, Fittings 

Volume 01.02 Ferrous Castings; Ferroalloys 

Volume 01.03 Steel— Plate, Sheet, Strip, Wire 

Volume 01.04 Steel— Structural, Reinforcing, Pressure 
Vessel, Railway 

Volume 01.05 Steel— Bars, Forgings, Bearing, Chain, 
Springs 

Volume 01.06 Coated Steel Products 

Volume 01.07 Shipbuilding 


Section 2: Nonferrous Metal Products 


Volume 02.01 Copper and Copper Alloys 
Volume 02.02 Aluminum and Magnesium Alloys 
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Volume 02.03 
Volume 02.04 


Volume 02.05 
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Electrical Conductors 


Nonferrous Metals—Nickel, Cobalt, 
Lead, Tin, Zinc, Cadmium, Precious, 
Reactive, Refractory, Metals, and 
Alloys 


Metallic and Inorganic Coatings; Metal 
Powders, Sintered P/M Structural 
Parts 


Section 3: Metals Test Methods and Analytical Procedures 


Volume 03.01 


Volume 03.02 
Volume 03.03 
Volume 03.04 


Volume 03.05 


Volume 03.06 


Section 4: Construction 


Volume 04.01 
Volume 04.02 
Volume 04.03 


Volume 04.04 


Volume 04.05 


Volume 04.06 


Volume 04.07 


Volume 04.08 


Volume 04.09 


Metals—Mechanical Testing: Elevated 
and Low-Temperature Tests, Metal- 
lography 

Wear and Erosion, Metal Corrosion 

Nondestructive Testing 

Magnetic Properties; Metallic Materials 
for Thermostats, Electrical Heating 
and Resistance, Heating, Contacts, 
and Connectors 


Analytical Chemistry of Metals, Ores, 
and Related Materials (I) 


Analytical Chemistry of Metals, Ores, 
and Related Materials (II) 


Cement, Lime, Gypsum 
Concrete and Aggregates 


Road and Paving Materials, Pavement 
Management Technologies 

Roofing, Waterproofing, and Bitumi- 
nous Materials 

Chemical-Resistant Materials; Vitrified 
Clay, Concrete, Fiber-Cement Prod- 
ucts; Mortars; Masonry 


Thermal Insulation; Environmental 
Acoustics 


Building Seals and Sealants; Fire Stan- 
dards; Building Constructions 


Soil and Rock; Dimension Stones; Geo- 
synthetics 


Wood 
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Section 5: Petroleum Products, Lubricants, and Fossil Fuels 


Volume 05.01 Petroleum Products and Lubricants (1): 
D 56-D 1947 

Volume 05.02 Petroleum Products and Lubricants (II): 
D 1949-D 3601 

Volume 05.03 Petroleum Products and Lubricants 
(III): D 3602-latest; Catalysts 

Volume 05.04 Test Methods for Rating Motor, Diesel, 
and Aviation Fuels 

Volume 05.05 Gaseous Fuels; Coal and Coke 


Section 6: Paints, Related Coatings, and Aromatic 


Volume 06.01 Paint—Tests for Formulated Products 
and Applied Coatings 

Volume 06.02 Paint—Pigments, Resins, and Poly- 
mers; Cellulose 

Volume 06.03 Paint—Fatty Oils and Acids, Solvents, 
Miscellaneous; Aromatic Hydro- 
carbons 


Section 7: Textiles 


Volume 07.01 Textiles (D: D76-D3219 
Volume 07.02 Textiles (II): D3333-latest 


Section 8: Plastics 


Volume 08.01 Plastics (I): C 177-D 1600 

Volume 08.02 Plastics (II): D 1601-D 3099 
Volume 08.03 Plastics (III): D 3100-latest 
Volume 08.04 Plastic Pipe and Building Products 


Section 9: Rubber 


Volume 09.01 Rubber, Natural, and Synthetic— 
General Test Methods; Carbon Black 
Volume 09.02 Rubber Products, Industrial—Specifi- 


cations and Related Test Methods; 
Gaskets; Tires 


Section 10: Electrical Insulation and Electronics 


Volume 10.01 Electrical Insulation (1) D69-D2484 
Volume 10.02 Electrical Insulation (IT) D2518-latest 
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Volume 10.03 Electrical Insulating Liquids and Gas; 
Electrical Protective Equipment 

Volume 10.04 Electronics (I) 

Volume 10.05 Electronics (II) 


Section 11: Water and Environmental Technology 


Volume 11.01 Water (I) 

Volume 11.02 Water (II) 

Volume 11.03 Atmospheric Analysis; Occupational 
Health and Safety 

Volume 11.04 Pesticides; Resource Recovery; Hazard- 


ous Substances and Oil Spill Re- 
sponses; Waste Management; Biologi- 
cal Effects 


Section 12: Nuclear, Solar, and Geothermal Energy 


Volume 12.01 Nuclear Energy (I) 
Volume 12.02 Nuclear, Solar, and Geothermal Energy 


Section 13: Medical Devices and Services 


Volume 13.01 Medical Devices, Emergency Medical 
Services 


Section 14: General Methods and Instrumentation 


Volume 14.01 Analytical — Methods— Spectroscopy; 
Chromatography; Computerized Sys- 
tems 

Volume 14.02 General Test Methods, Nonmetal; Lab- 


oratory Apparatus; Statistical Meth- 
ods; Appearance of Materials; Dura- 
bility of Nonmetallic Materials 


Volume 14.03 Temperature Measurement 


Section 15: General Products, Chemical Specialties, and End Use Products 


Volume 15.01 Refractures; Carbon and Graphite Prod- 
ucts; Activated Carbon 

Volume 15.02 Glass; Ceramic Whitewares 

Volume 15.03 Space Simulation; Aerospace and Air- 


craft; High Modulus Fibers and Com- 
posites 


PIPING CODES AND STANDARDS A.211 


Volume 15.04 Soap; Polishes; Leather; Resilient 
Floor Coverings 

Volume 15.05 Engine Coolants; Halogenated Organic 
Solvents; Industrial Chemicals 

Volume 15.06 Adhesives 

Volume 15.07 End Use Products 

Volume 15.08 Fasteners 

Volume 15.09 Paper; Packaging; Flexible Barrier Ma- 


terials; Business Copy Products 


Section 00: Index 


Volume 00.01 Subject Index and Alphanumeric List 


AMERICAN GAS ASSOCIATION 


The following publications of the American Gas Association (AGA) are of interest 
to people associated with the design, construction, operation, and maintenance of 
gas systems piping. 

Z223.1-92 National Fuel Gas Code, Fifth Edition 


Z22.3-92 National Fuel Gas Code Handbook, 
Second Edition 


AMERICAN PETROLEUM INSTITUTE 


The American Petroleum Institute (API) publishes specifications (Spec.), bulletins 
(Bull.), recommended practices (RP), standards (Std.), and other publications 
(Publ.) as an aid to procurement of standardized equipment and materials. These 
publications are primarily intended for use by the petroleum industry. However, 
they can be and are used by others in that they are referenced in a code or invoked 
in the purchase order/specification governing the design and construction of piping 
systems. For example API Specification 5L and the API Standard 605 are referenced 
in ASME B31.1, Power Piping Code. 
The following documents, which relate to piping, are published by the API. 


Specifications (Spec.) 


Spec. 2B-96 Specification for the Fabrication of 
Structural Steel Pipe 
Spec. 6D-94 Specification for Pipeline Valves (Gate, 


Plugs, Ball, and Check Valves) 
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Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 


Spec. 


Spec. 
Spec. 


Spec. 
Spec. 
Spec. 


Spec. 
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5L-95 

SLC-91 
6FA-94 
6FC-94 


15HR-95 


15LE-95 


15LR-90 


5B-88 


6FA-94 
6B-92 


6FC-94 


6FD-95 


14A-94 


14D-94 


Bulletins (Bull.) 
Bull. 5C3-94 


Bull. 6AF-95 


Bull. 6F2-94 


Recommended Practices (RP) 
RP 5A3 


RP 5A5-97 


RP 5B1-96 


Specification for Line Pipe 

Specification for CRA Line Pipe 

Specification for Fire Test for Valves 

Specification for Fire Test for Valves 
with Automatic Backseats 

Specification for High Pressure Fiber- 
glass Line Pipe 

Specification for Polyethylene Line 
Pipe (PE) 

Specification for Low Pressure Fiber- 
glass Line Pipe 

Specification for Threading, Gauging, 
and Thread Inspection of Casing, 
Tubing, and Line Pipe Threads; Thir- 
teenth Edition, Supplement 1, July 
1990 

Specification for Fire Test for Valves 

API specification for Fire Test for End 
connections 

Specification for Fire Test for Valves 
with Automatic Backseats 

Specification for Fire Test for Check 
Valves 

Specification for Subsurface Safety 
Valve Equipment 

Specification for Wellhead Surface 
Safety Valves and Underwater Safety 
Valves for Offshore Service 


Bulletin on Formulas and Calculations 
for Casing, Tubing, Drill Pipe, and 
Line Pipe Properties 

Bulletin on Capabilities of API Flanges 
Under Combinations of Load 

Bulletin on Fire Resistance Improve- 
ments for API Flanges 


Recommended Practice on Threaded 
Compounds for Casing, Tubing, and 
Line Pipe 

Recommended Practice for Field In- 
spection of New Casing, Tubing, and 
Plain-End Drill Pipe 

Recommended Practice for Gauging 
and Inspection of Casing, Tubing, and 
Line Pipe Threads 


RP 5L1-96 


RP 5L2-87 


RP 5L3-96 


RP 51-5-75 


RP 5L6-79 


RP 5L7-88 


RP 5L8-96 


RP 6G-82 


Bull 6AF-95 


Bull 6AF1-91 


Bull 6RS-90 


RP 10E-94 


RP 11V7-90 


RP 15TL4-93 


RP 17B-88 


RP 520 PTI-93 


RP 520 PT II 94 


RP 574-90 
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Recommended Practice for Railroad 
Transportation of Line Pipe 

Recommended Practice for Internal 
Coating of Line Pipe for Noncorrosive 
Gas Transmission Service 

Recommended Practice for Conducting 
Drop-Weight Tear Tests on Line Pipe 

Recommended Practice for Marine 
Transportation of Line Pipe; First 
Edition 

Recommended Practice for Transporta- 
tion of Line Pipe on Inland Water- 
ways; First Edition 

Recommended Practices for Unprimed 
Internal Fusion Bonded Epoxy Coat- 
ing of Line Pipe 

Recommended Practice for Field In- 
spection of New Line Pipe 

Recommended Practice for Through 
Flowline (TFL) Pump Down Systems 

Technical Report on Capabilities of API 
Flanges under Combinations of Load 

Bulletin on Temperature Derating of 
API Flanges Under Combinations 
of Loading 

Standardization of Valves and Well- 
head Equipment 

Recommended Practice for Application 
of Cement Lining to Steel Tubular 
Goods, Handling, Installation, and 
Joining; Third Edition ISO 10409 

Recommended Practice for Repair, 
Testing, and Setting Gas Lift Valves; 
First Edition 

Recommended Practice for Care and 
Use Fiberglass Tubulars 

Recommended Practice for Flexible 
Pipe 

Recommended Practice for Sizing, Se- 
lection, and Installation of Pressure- 
Relieving Devices in Refineries, Part 
I—Sizing and Selection 

Recommended Practice Sizing, Selec- 
tion, and Installation of Pressure-Re- 
lieving Devices in Refineries, Part 
II—Installation 

Inspection of Piping, Tubing, Valves, 
and Fittings; First Edition (Replaces 
Guide for Inspection of Refinery 
Equipment Chapter XI) 
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RP 1102-93 


RP 1107-91 
RP 1109-93 


RP 1110-97 


Standards (Std.) 
Std. 526-95 


Std. 527-91 
Std. 594-91 
Std. 598-90 
Std. 599-94 


Std. 600-91 


Std. 602-93 


Std. 603-91 
Std. 607-93 
Std. 608-95 


Std. 609-91 
Std. 1104-94 


Publications (Publ.) 


Publ. 1113-93 
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Recommended Practice for Liquid Pe- 
troleum Pipelines Crossing Railroads 
and Highways 


Recommended Pipe Line Maintenance 
Welding Practices 

Recommended Practice for Marking 
Liquid Petroleum Line Facilities 


Recommended Practice for Pressure 
Testing of Liquid Petroleum Pipelines 


Flanged Steel Pressure-Relief Valves 
Seat 

Seat Tightness of Pressure Relief Valves 

Wafer and Wafer-Lug Check Valves 

Valve Inspection and Testing 

Metal Plug Valves—Flanged and Weld- 
ing End 

Steel Gate Valves—Flanged and Butt- 
Welding Ends 


Compact Steel Gate Valves—Flanged, 
Threaded, Welding, and Extended 
Body Ends 

Class 150, Cast, Corrosion-Resistant, 
Flanged-End Gate Valves 

Fire Test for Soft-Seated Quarter 
Turn Valves 

Metal Ball Valves—Flanged, Threaded 
and Welding Ends 


Lug and Wafer Type Butterfly Valves 


Welding of Pipelines and Related Facili- 
ties; Seventeenth Edition 


Developing a Pipeline Supervisory Con- 
trol Center 


AMERICAN WATER WORKS ASSOCIATION 


The American Water Works Association (AWWA) publishes standards that cover 
requirements for pipe and piping components used in water treatment and distribu- 
tion systems, including specialty items such as fire hydrants. It also publishes several 
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AWWA manuals relative to design, installation, operation, management, and train- 
ing. The AWWA standards are used for design, fabrication, and installation of 
large-diameter piping for water systems not covered by ASME Boiler and Pressure 
Vessel Code, ASME B31, Code for Pressure Piping, and other codes. Conformance 
to AWWA standards is required either by being referenced in the codes governing 
the construction of water systems piping or by the enforcement authorities having 
jurisdiction over the water systems piping. 

Refer to Table C1.2 of Chapter C1, Part C of this handbook for a comprehensive 
listing of AWWA publications and standards dealing with piping. 


AMERICAN WELDING SOCIETY 


The American Welding Society (AWS) publishes handbooks, manuals, guides, 
recommended practices, specifications, and codes. The specifications for filler metals 
are in the AWS AS series. The filler metal specifications are usually cited in design 
documents. The welding procedures are in the D10 series. The AWS handbook is 
published in five volumes and is intended to be an aid to the user and producer of 
welded products. 

The following is a list of AWS publications directly related to piping. The AWS 
AS series filler metal specifications are not included in the list since they can be 
used for a multitude of items other than piping. 


AWS Welding Handbook 


Volume 1 Fundamentals of Welding 

Volume 2 Welding Processes 

Volume 3 Welding Processes 

Volume 4 Engineering Applications— Materials 

Volume 5 Engineering Applications— Design 
Brazing Manual, Soldering Manual 

AWS A3.0 Soldering Manual, Brazing Handbook, 


Welding Terms and Definitions, in- 
cluding Terms for Brazing, Soldering, 
Thermal Spraying, and Thermal 


Cutting 
AWS A5.01 Filler Metal Procurement Guidelines 
AWS D10.4 Recommended Practices for Welding 


Austenitic Chromium-Nickel Stain- 
less Steel Piping and Tubing 


AWS D10.6 Recommended Practices for Gas Tung- 
sten Arc Welding of Titanium Pipe 
and Tubing 

AWS D10.7 Recommended Practices for Gas 


Shielded Arc Welding of Aluminum 
and Aluminum Alloy Pipe 

AWS D10.8 Recommended Practices for Welding of 
Chromium-Molybdenum Steel Piping 
and Tubing 
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AWS D10.10 Recommended Practices for Local 
Heating of Welds in Piping and 
Tubing 

AWS D10.11 Recommended Practices for Root Pass 
Welding of Pipe Without Backing 

AWS D10.12 Recommended Practices for Procedures 


for Welding Low Carbon Steel Pipe 


AIR-CONDITIONING AND 
REFRIGERATION INSTITUTE 


The Air-Conditioning and Refrigeration Institute (ARI) publishes standards, guide- 
lines, and directories of certification. Some of these standards and guidelines, listed 
here, may be used for design and construction of refrigeration piping systems. 


Standards 

720-88 Refrigerant Access Valves and Hose 
Connectors 

750-87 Thermostatic Refrigerant Expansion 
Valves 

760-87 Solenoid Valves for Use with Volatile 
Refrigerants 

770-84 Refrigerant Pressure Regulating Valves 

Guidelines 

C-95 Guideline for ARI Recommended Di- 
mensions of Steel Solder/Braze Fit- 
tings 


AMERICAN SOCIETY OF HEATING 
REFRIGERATING AND 
AIR-CONDITIONING ENGINEERS 


The following standards, guidelines, and handbooks published by the American 
Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE) 
relate to piping: 


Standards 

41.3-89 Standard Method for Pressure Mea- 
surement 

41.4-84 Standard Method for Measurement of 


Proportion of Oil in Liquid Refrig- 
erant 
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41.6-94 Standard Method for Measurement of 
Moist Air Properties 

41.7-84 Standard Method for Measurement of 
Flow of Gas 

41.8-89 Standard Methods of Measurement of 


Flow of Liquids in Pipes Using Ori- 
fice Flowmeters 


Guidelines 

1-89 Guidelines for Commissioning of 
HVAC Systems 

2-86 Guidelines for Engineering Analysis of 
Experimental Data 

Handbooks 


1993 ASHRAE Handbook Fundamentals I-P Edition 

1993 ASHRAE Handbook Fundamentals SI Edition 

1995 ASHRAE Handbook HVAC Applications IP Edition 

1995 ASHRAE Handbook HVAC Applications SI Edition 

1992 ASHRAE Handbook HVAC Systems and Equipment IP Edition 

1992 ASHRAE Handbook HVAC Systems and Equipment SI Edition 

1994 ASHRAE Handbook Refrigeration Systems and Applications I-P Edition 
1994 ASHRAE Handbook Refrigeration Systems and Applications SI Edition 


AMERICAN SOCIETY OF SANITARY ENGINEERS 


The American Society of Sanitary Engineers (ASSE) publishes many standards, 
some of which are ANSI approved. The following is a list of standards which contain 
requirements related to sanitary piping. 


Standards 

1001-88 Performance Requirements for Pipe 
Applied Atmospheric Type Vacuum 
Breakers 

1003-93 Performance Requirements for Water 
Pressure Reducing Valves 

1005-86 Performance Requirements for Water 
Heaters Drain Valves 3” IPS 

1029-94 Performance Requirements for Dual 


Check Valve Type Backflow Pre- 
venters 
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1032-80 


1037-90 


1045-87 


1046-90 


1048-93 


1047-93 


1050-91 


1051-90 


1052-93 


1056-93 
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Performance Requirements for Dual 
Check Valve Type Backflow Preven- 
ters for Carbonated Beverage Dis- 
pensers 


Performance Requirements for Pressur- 
ized Flushing Devices (Flushometers) 
for Plumbing Fixtures 


Performance Standard and Installation 
Procedures for Aluminum Drain, 
Waste, and Vent Pipe with End Cap 
Components 


Performance Requirements for Thermal 
Expansion Relief Valve 


Performance Requirements for Double 
Check Detector Assembly Backflow 
Preventer 


Performance Requirement for Reduced 
Pressure Detector Backflow Pre- 
venter 


Performance Requirements for Air Ad- 
mittance Valves for Plumbing DWV 
Systems Stack Type Devices 


Performance Requirements for Air Ad- 
mittance Valves for Plumbing Drain- 
age Systems Fixture and Branch De- 
vices 


Performance Requirements for Hose 
Connection Backflow Preventers 


Performance Requirements for Back Si- 
phonage Backflow Vacuum Breakers 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


The following documents, which are published by the American Society of Civil 
Engineers (ASCE), contain information related to piping. The contents of these 
documents can be used in design and construction of appropriate piping systems. 


12-92.1.1 


13-93.1.1 


14-94.1.1 


15-93.1.1 


Standard Guidelines for the Design of 
Urban Subsurface Drainage 


Standard Guidelines for Installation of 
Urban Subsurface Drainage 


Standard Guidelines for Operation and 
Maintenance of Urban Subsurface 
Drainage 

Standard Practice for Direct Design of 
Buried Precast Concrete Pipe Using 
Standard Installations 
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Publications Guideline for the Seismic Design of Oil and Gas Pipeline 
Systems (1984) 


Report on Pipeline Location, 1965 Edition 


AMERICAN SOCIETY FOR 
NONDESTRUCTIVE TESTING 


The American Society for Nondestructive Testing (ASNT) publishes recommended 
practices concerning procedures, equipment, and qualification of personnel for 
nondestructive testing. The following practice is cited in several codes and standards 
which contain requirements for piping: 


SNT-TC-1A-92 Recommended Practice for Nondestruc- 
tive Testing Personnel Qualification 


AMERICAN IRON AND STEEL INSTITUTE 


The following publications of the American Iron and Steel Institute (AISI) provide 
design guidelines for use of stainless steel in piping systems. 


E-3-89 Welded Steel Pipe Steel Plate Engi- 
neering Data 

E-6-84 Handbook of Steel Pipe 

SG-862-90 Modern Sewer Design 


AMERICAN NUCLEAR SOCIETY 


The following American Nuclear Society (ANS) standards contain requirements 
for nuclear power plant piping systems: 


8.9-87 Nuclear Criticality Safety Criteria for 
Steel Pipe Intersection Containing 
Aqueous Solutions of Fissile Mate- 


rials 

51.10-91 Auxiliary Feedwater System for Pres- 
surized Water Reactor 

56.2-84 Containment Isolation Provisions for 
Fluid Systems after a LOCA 

56.3-77 Overpressure Protection of Low Pres- 


sure Systems Connected to the Reac- 
tor Coolant Pressure Boundary 
56.4-83 Pressure and Temperature Transient 


Analysis for Light Water Reactor 
Containment 


A.220 PIPING FUNDAMENTALS 


56.8-94 Containment System Leakage Testing 
Requirements 
58.2-88 Design Basis for Protection of Light Wa- 


ter Nuclear Power Plants Against Ef- 
fects of Postulated Pipe Rupture 


59.51-89 Fuel Oil Systems for Emergency Die- 
sel Generators 


BUILDING OFFICIALS CONFERENCE OF AMERICA 


The Building Officials Conference of America (BOCA) publishes a series of national 
codes, manuals, training aids, and other documents which contain technical require- 
ments and other information related to piping. The following is a partial list of 
these publications: 


National Codes 


National Building Code 

National Mechanical Code 

National Plumbing Code 

National Private Sewage Disposal Code 
National Fire Prevention Code 
National Energy Conservation Code 


Manuals 


BOCA National Code Interpretations 
Fire Protection Systems Workbook 
Plumbing Materials and Sizing Selector 


DUCTILE IRON PIPE RESEARCH ASSOCIATION 


The following documents published by the Ductile Iron Pipe Research Association 
contain guidelines, requirements, and other technical information related to ductile 
iron piping systems: 

Pipe Material Comparison Booklet 

Ductile Iron Pipe Characteristics/ Applications 

Design of Ductile Iron Pipe on Supports 

Ductile Iron Pipe for Wastewater Applications 

Cement-Mortar Linings for Ductile Iron Pipe 

Direct Tapping Comparison Study 
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Ductile Iron Pipe Energy Savings 

Ductile Iron Pipe 

Flanged Ductile Iron Pipe 

Gasket Materials Used for Ductile Iron Pipe in Water and Sewage Service 
Linings Available for Ductile Iron Pipe & Fittings 
Thrust Restraint Design for Ductile Iron Pipe 
Truck Loads on Pipe Buried at Shallow Depths 
Bridge Crossings with Ductile Iron Pipe 

Ductile Iron Pipe Subaqueous Crossings 
Hydraulic Analysis of Ductile Iron Pipe 

Stray Current Effects on Ductile Iron Pipe 


Polyethylene Encasement: Effective, Economical Protection for Ductile Iron 
Pipe in Corrosive Environments 


Direct Tapping of Ductile Iron Pipe Encased in Polyethylene 
Tapping Tests on Ductile Iron Pipe 

A Comparison of Engineering Considerations for Pressure Pipe 
Ductile Iron Pipe versus pvc 

Ductile Iron pipe vs. Steel Pipe 

Polyethylene Encasement Installation Guide 

Field Welding and Cutting Ductile Iron Pipe 


It may also be prudent to list our web site address (http://www.dipra.org) here so 
that people that require information about ductile iron pipe can easily contact us. 


Ductile Iron Pipe in Deep Trench Installations 

Ductile Iron Pipe Installation Guide 

Ductile Iron Pipe Subaqueous Crossings 

Concentrated Consulting Engineering Programs 
Polyethylene Encasements 

Corrosion Control Seminars 

Ductile Iron Pipe Thrust Restraint Design, 1986 Edition 
Inside Diameter/Velocity and Headloss/Pumping Costs 


EXPANSION JOINT 
MANUFACTURERS ASSOCIATION 


The Expansion Joint Manufacturers Association (EJMA) publishes a handbook 
called the Standards of the Expansion Joint Manufacturers Association. The book 
contains manufacturing standard practices as well as comprehensive and detailed 
engineering data concerning pipe expansion joint types, installation layouts and 
locations, movements, forces, moments, cycle-life expectancy, and effects of corro- 
sion, erosion, and testing. 
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FLUID CONTROLS INSTITUTE 


The Fluid Controls Institute (FCI) publishes voluntary standards that have been 
developed by consensus of the member companies. The following is a list of the 
FCI publications: 


FCI 68-1 78 Solenoid Valves for Gas Service 


FCI 68-2 78 A Procedure in Rating Flow and Pres- 
sure Characteristics of Solenoid 
Valves for Liquid Service 


FCI 69-1 89 Pressure Rating Standard for Steam 
Traps (R 1994) 

FCI 70-2 91 Ouality Control Standard for Control 
Valve Seat Leakage 

FCI 73-1 95 Pressure Rating Standard for "Y" 
Type Strainers 

FCI 74-1 90 Spring-Loaded Lift Disc Check Valve 

FCI 75-1 79 Characteristics of Solenoid Valves (R 
1991) 

FCI 78-1 78 Pressure Rating Standard for Pipeline 
Strainer Other Than *Y" Type 

FCI 79-1 86 Proof of Pressure Ratings for Pressure 
Reducing Regulators (R 1993) 

FCI 81-1 85 Proof of Pressure Ratings for Tempera- 
ture Regulators (R 1993) 

FCI 82-1 85 Recommended Methods for Testing and 


Classifying the Water Hammer Char- 
acteristics of Electrically Operated 
Valves (R 1991) 


FCI 84-1 Metric Definition of the Valve Flow Co- 
efficient Cv 

FCI 85-1 89 Production Testing for Steam Traps 
(R 1994) 

FCI 86-1 93 Standard Solenoid Valve Terminology 
and Nomenclature 

FCI 87-1 93 Classification and Operating Principles 
of Steam Traps 

FCI 87-2 90 Power Signal Standard for Spring-Dia- 
phragm Actuated Control Valves 

FCI 87-2 Control Valves (R 1994) 

FCI 89-1 92 Guide for Selection, Installation and 
Maintenance of Pipeline Strainers 

FCI 91-1 94 Standard for Oualification of Control 


Valve Stern Seals to Most EPA Emis- 
sion Guidelines for Volatile Organic 
Compounds 
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FACTORY MUTUAL ENGINEERING 
& RESEARCH CORPORATION 


The Factory Mutual Engineering & Research Corporation is usually referred to as 
Factory Mutual (FM). FM performs examinations of equipment, materials, and 
services before listing them as “approved” in the guide Approval Guide to Equip- 
ment, Materials and Services. The following publications of FM may be of interest 
to people involved with fire protection systems piping: 


Approval Guide to Equipment, Materials and Services 
Automatic Sprinkler Systems 

Fixed Extinguishing Systems 

Oil Safety Shutoff Valves 

Gas Safety Shutoff Valves 

Supplemental Data 

Property Loss Control Catalog 


FLUID SEALING ASSOCIATION 


The Fluid Sealing Association publishes various documents related to gaskets and 
seals used in mechanical joints to maintain leak-tightness of the fluid piping and 
ducting systems. These documents include the following: 


Ducting Systems Technical Handbook 

Nonmetallic Gasket Handbook 

Compression Packings Handbook 

Molded Packings Handbook 

Rubber Expansion Joints/Flexible Pipe Connectors 
Mechanical Seal Handbook 

Glossary of Terms 


HEAT EXCHANGE INSTITUTE 


The Heat Exchange Institute (HEI) publishes voluntary standards developed to 
express the consensus of member companies concerned with the fabrication of 
heat exchangers and similar equipment. The following are typical of the standards 
published by this institute: 


HE14 Method and Procedure for the Determi- 
nation of Dissolved Oxygen 

HE15 Standards for Closed Feedwater Heaters 

HE17 Standards for Direct Contact Baromet- 


ric and Low Level Condensers 
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HE18 Standard for Power Plant Heat Ex- 
changers 

HE18A Standards for Steam Jet Vacuum 
Systems 

HEI10 Standards for Steam Surface Condens- 


ers, 8th Edition 


HYDRAULIC INSTITUTE 


The following is the list of the Hydraulic Institute (HI) publications: 


Hydraulic Institute Standards, 1994 Edition 


ANSI/HI 1.1-1.5 
ANSI/HI 1.6 
ANSI/HI 5.1-5.6 
ANSI/HI 2.1-2.5 
ANSI/HI 2.6 
ANSI/HI 3.1-3.5 
ANSI/HI 3.6 
ANSI/HI 4.1-4.6 
ANSI/HI 6.1-6.5 
ANSI/HI 6.6 
ANSI/HI 7.1-7.5 
ANSI/HI 8.1-8.5 
ANSI/HI 9.1-9.5 


Centrifugal Pumps 
Centrifugal Pump Test 
Sealless Centrifugal Pumps 
Vertical Pumps 

Vertical Pump Test 

Rotary Pumps 

Rotary Pump Test 

Sealless Rotary Pumps 
Reciprocating Power Pumps 
Reciprocating Pump Test 
Controlled Volume Pumps 
Direct Acting (Steam) Pumps 
Pumps General Guidelines 


Engineering Data Book, 2nd Edition (1990) 


The information previously contained in the Pipe Friction Manual has been incorpo- 
rated into the Engineering Data Book; the Pipe Friction Manual is no longer 
available. 


INSTITUTE OF ELECTRICAL AND 
ELECTRONICS ENGINEERS 


The following standards published by the Institute of Electrical and Electronics 
Engineers (IEEE) are of interest to those involved in the design and construction 
of nuclear power plant piping systems: 


IEEE 323-83 Standard for Qualifying Class 1E Equip- 
ment for Nuclear Power Generating 
Stations 
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IEEE 336-85 Standard Installation, Inspection, and 
Testing Requirements for Power, In- 
strumentation, and Control Equip- 
ment at Nuclear Facilities 

IEEE 344-87 Recommended Practice for Seismic 
Qualification of Class IE Equipment 
for Nuclear Power Generating Sta- 
tions 

IEEE 352-87 Guide for General Principles of Reliabil- 
ity Analysis of Nuclear Power Gener- 
ating Station Safety Systems 

IEEE 379-94 Standard Application of the Single Fail- 
ure Criterion to Nuclear Power Gen- 
erating Station Safety Systems 

IEEE 382-96 Standard for Qualification of Actuators 
for Power Operated Valve Assem- 
blies with Safety-Related Functions 
for Nuclear Power Plants 


INSTRUMENT SOCIETY OF AMERICA 


The Instrument Society of America (ISA) develops and publishes periodicals, books, 
standards, recommended practices, monographs, references, and training aids per- 
taining to instruments and automated controls. The following publications of the 
ISA contain information related to piping: 


Recommended Practices (RP) 


RP 16.5-61 Recommended Practice for Installation, 
Operation, Maintenance Instructions 
for Glass Tube Variable Area Me- 
ters (Rotometers) 

RP 31.1-77 Recommended Practice for Specifica- 
tion, Installation, and Calibration of 
Turbine Flowmeters 


RP 42.1-92 Recommended Practice for Nomencla- 
ture for Instrument Tube Fittings 

RP 60.9-81 Recommended Practice for Piping 
Guide for Control Centers 

RP 75.18-89 Recommended Practice for Control 
Valve Position Stability 

RP 75.21-89 Recommended Practice for Process 
Data Presentation for Control Valves 

RP 75.23-95 Considerations for Evaluating Control 
Valve Cavitation 

Standards 

S 5.1-84 Instrumentation Symbols and Identifi- 


cation 
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S 52-76 


S 5.3-83 


S 5.4-91 


S 5.5-85 


S 7.0.01 
S 12.4-70 


S 18.1-79 


S 20-81 


S 26-68 


S 37.3-75 


S 37.5-75 


S 37.6-76 


S 37.8-77 


S 51.1-79 
S 67.01-94 


S 67.02.01-96 


S 67.03-82 


S 67.04-94 


S 67.10-94 


S 75.01-85 


S 75.02-96 
S 75.03-92 
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Binary Logic Diagrams for Process Op- 
erations 


Graphic Symbols for Distributed 
Control/Shared Display Instrumenta- 
tion, Logic, and Computer 

Standard Instrument Loop Diagrams 

Graphic Symbols for Process Displays 

Quality Standard for Instrument Air 


Instrument Purging for Reduction of 
Hazardous Area Classification 


Annunciator Sequences and Specifica- 
tions (R 1985) 


Specification Forms for Process Mea- 
surement and Control Instruments, 
Primary Elements, and Control 
Valves 


Dynamic Response Testing of Process 
Control Instrumentation 


Strain Gauge Pressure Transducers, 
Specifications, and Tests (R 1982) 


Strain Gauge Linear Acceleration 
Transducers, Specifications, and Tests 
(R 1982) 

Specifications and Tests of Potentiomet- 
ric Pressure Transducers (R 1982) 
Specifications and Tests for Strain 
Gauge Force Transducers (R 1982) 

Process Instrumentation Terminology 

Transducer and Transmitter Installation 
for Nuclear Safety Applications 

Nuclear - Safety -Related Instrument 
Sensing Line Piping and Tubing Stan- 
dards for Use in Nuclear Power Plants 

Light Water Reactor Coolant Pressure 
Boundary Leak Detection 

Setpoints for Nuclear Safety-Related In- 
strumentation 

Sample-Line Piping and Tubing Stan- 
dard for Use in Nuclear Power Plants 

Flow Equations for Sizing Control 
Valves 

Control Valve Capacity Test Procedure 

Face-to-Face Dimensions for Integral 
Flanged Globe-Style Control Valve 
Bodies (ANSI Classes 125, 150, 250, 
300, and 600) 
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S 75.04-95 Face-to-Face Dimensions for Flangeless 
Control Valves (ANSI Classes 150, 
300, and 600) 


S 75.05-83 Control Valve Terminology 

S 75.07-87 Laboratory Measurement of Aerody- 
namic Noise Generated by Control 
Valves 

S 75.08-85 Installed Face-to-Face Dimensions for 
Flanged Clamp or Pinch Valves 

S 75.11-85 Inherent Flow Characteristic and 
Rangeability of Control Valves 

S 75.12-93 Face-to-Face Dimensions for Socket 


Weld-End and Screwed-End Globe- 
Style Control Valves (ANSI Classes 
150, 300, 600, 900, 1500, and 2500) 


S 75.14-93 Face-to-Face Dimensions for Butt- 
Weld-End Globe Style Control 
Valves (ANSI Classes 4500) 


S 75.15-94 Face-to-Face Dimensions for Butt- 
Weld-End  Globe-Style Control 
Valves (ANSI Classes 150, 300, 600, 
900, 1500, and 2500) 


S 75.17-89 Control Valve Aerodynamic Noise Pre- 
diction Standard 

S 75.19-95 Hydrostatic Testing of Control Valves 
(Formerly ASME/ANSI B16.37-80) 

ISA MC96.1 Temperature Measurement Thermo- 
couples (1982) 

ISA RP2.1 Manometer Tables (1985) 

ISA RP12.4 Pressurized Enclosures (1996) 

ISA RP75.23 Considerations for Evaluating Control 
Valve Cavitation 

ISA $75.16 Face-to-Face Dimensions for Flanged 


Globe-Style Control Valve Bodies 
(ANSI Classes 900, 1500, and 2500) 
(1994) 


ISA $75.20 Face-to-Face Dimensions for Separable 
Flanged Globe-Style Control Valves 
(ANSI Classes 150, 300, and 600) 
(1991) 


ISA $75.22 Face-to-Centerline Dimensions for 
Flanged Globe-Style Angle Control 
Valve Bodies (ANSI Classes 150, 300, 
and 600) (1992) 


ISA S77.70 Fossil Fuel Power Plant Instrument Pip- 
ing Installation (1995) 
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ISA S84.01 Application of Safety Instrumented Sys- 

tems for the Process Industries (1996) 
ISA DIRECT Directory of Instrumentation, 1992 
Handbook 


ISA Handbook of Control Valves 


MANUFACTURERS STANDARDIZATION SOCIETY 
OF THE VALVE AND FITTINGS INDUSTRY 


The Manufacturers Standardization Society (MSS) publishes Standard Practices 
(SP) which provide a basis for common practice by the manufacturers, the user, 
and the general public. Compliance to the Standard Practices of MSS is required 
by reference in a code, specification, sales contract, law, or regulation. The MSS is 
also represented on the committees of other standardization groups, such as ANSI 
and ASME. Many of the ASME B16 series standards were originally developed 
as MSS Standard Practices. Once a Standard Practice is adopted as ANSI standard, 
it is discontinued as an MSS Standard Practice. 

The following is a complete list of MSS Standard Practices published and in 
current use: 


Standard Practices (SP) 


SP-6-96 Standard Finishes for Contact Faces of 
Pipe Flanges and Connecting-End 
Flanges of Valves and Fittings 


SP-9-97 Spot Facing for Bronze, Iron, and 
Steel Flanges 

SP-25-93 Standard Marking System for Valves, 
Fittings, Flanges, and Unions 

SP-42-90 Class 150 Corrosion Resistant Gate, 


Globe, Angle, and Check Valves with 
Flanged and Butt-Weld Ends 
SP-43-91 Wrought Stainless Steel Butt-Welding 
Fittings, Including Reference to Other 
Corrosion Resistant Materials 


SP-44-96 Steel Pipe Line Flanges (superseded by 
ASME B16.47) 

SP-45-92 Bypass and Drain Connection Standard 

SP-51-91 Class 150LW Corrosion Resistant Cast 
Flanges and Flanged Fittings 

SP-53-95 Quality Standard for Steel Castings and 


Forgings for Valves, Flanges, and Fit- 
tings and Other Piping Components 
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Magnetic Particle Examination 
Method 


SP-54-95 Quality Standard for Steel Casting for 
Valves, Flanges, and Fittings and 
Other Piping Components, Radio- 
graphic Examination Method (R 
1990) 

SP-55-96 Quality Standard for Steel Castings for 
Valves, Flanges, and Fittings and 
Other Piping Components, Visual 
Method for Evaluation of Irregular- 


ities 

SP-58-93 Pipe Hangers and Supports—Materials, 
Design, and Manufacture 

SP-60-91 Connecting Flange Joint Between Tap- 
ping Sleeves and Tapping Valves (R 
1986) 

SP-61-92 Pressure Testing of Steel Valves 

SP-65-94 High Pressure Chemical Industry 


Flanges and Threaded Stubs for Use 
with Lens Gaskets 


SP-67-95 Butterfly Valves 

SP-68-97 High Pressure-Offset Seat Butterfly 
Valves with Offset Design 

SP-69-96 Pipe Hangers and Supports—Selection 
and Application 

SP-70-90 Cast Iron Gate Valves, Flanged, and 
Threaded Ends 

SP-71-97 Cast Iron Swing Check Valves, Flanged 
and Threaded Ends 

SP-72-92 Ball Valves with Flanged or Butt-Weld- 
ing Ends for General Service 

SP-73-91 Brazing Joints for Wrought and Cast 
Copper Alloy Solder Joint Pressure 
Fittings 

SP-75-93 Specification for High Test Wrought 
Butt-Welding Fittings 

SP-77-95 Guidelines for Pipe Support Contractual 


Relationships and Responsibilities of 
the Pipe Hanger Contractor with the 
Purchaser’s Engineer or the Pipe Fab- 
ricator and/or Erector 


SP-78-87 Cast Iron Plug Valves, Flanged and 
Threaded Ends 

SP-79-92 Socket-Welding Reducer Inserts 

SP-80-97 Bronze Gate, Globe, Angle, and 


Check Valves 


A.230 


SP-81-95 


SP-82-92 
SP-83-95 


SP-85-94 


SP-86-97 


SP-87-91 


SP-88-93 


SP-89-98 


SP-90-86 


SP-91-92 


SP-92-87 
SP-93-87 


SP-94-92 


SP-95-86 
SP-96-96 


SP-97-95 


SP-98-96 


SP-99-94 


SP-100-97 


SP-101-89 
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Stainless Steel, Bonnetless Flanged 
Knife Gate Valves 


Valve Pressure Testing Methods 


Class 3000 Steel Pipe Unions Socket- 
Welding and Threaded 


Cast Iron Globe and Angle Valves 
Flanged and Threaded Ends 


Guidelines for Metric Data in Standards 
for Valves, Flanges, Fittings, and Ac- 
tuators 


Factory-Made Butt-Welding Fittings for 
Class 1 Nuclear Piping Applications 
(R 1986) 


Diaphragm Type Valves (R 1988) 


Pipe Hangers and Supports—Fab- 
rication and Installation Practices 


Guidelines on Terminology for Pipe 
Hangers and Supports 


Guidelines for Manual Operation of 
Valves 


Valve User Guide 


Quality Standard for Steel Castings and 
Forgings for Valves, Flanges, and 
Fittings and Other Piping Compo- 
nents Liquid Penetrant Examination 
Method 


Quality Standard for Ferritic and Mar- 
tensitic Steel Castings for Valves, 
Flanges, and Fittings, and Other Pip- 
ing Components Ultrasonic Examina- 
tion Method (R 1987) 


Swage(d) Nipples and Bull Plugs 


Guidelines on Terminology for Valves 
and Fittings 

Forged Carbon Steel Branch Outlet Fit- 
tings—Socket Welding, Threaded, 
and Butt-Welding Ends 


Protective Epoxy Coatings for the Inte- 
rior of Valves and Hydrants 


Instrument Valves 


Qualification Requirements for Elasto- 
mer Diaphragms for Nuclear Service 
Diaphragm Type Valves 


Part-Turn Valve Actuator Attachment 
Flange and Driving Component Di- 
mensions and Performance Charac- 
teristics 
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SP-102-89 Multi-Turn Valve Actuator Attachment 
Flange and Driving Component Di- 
mensions and Performance Charac- 
teristics 

SP-103-95 Wrought Copper and Copper Alloy In- 
sert Fittings for Polybutylene Systems 

SP-104-95 Wrought Copper Solder Joint Pressure 
Fittings 

MS SP-105 Instrument Valves for Code Applica- 

tions (Jan. 1, 1996) 

MSS SP-106 Cast Copper Alloy Flanges and Flanged 

Fittings Class 125, 150 and 300 (Jan. 

1, 1990) 

MSS SP-107 Transition Union Fittings for Joining 

Metal and Plastic Products (Jan. 1, 

1991) 

MSS SP-108 Resilient-Seated Cast Iron-Eccentric 

Plug Valves (Jan. 1, 1996) 

MSS SP-109 Welded Fabricated Copper Solder Joint 

Pressure Fittings (Jan. 1, 1997) 

MSS SP-110 Ball Valves Threaded, Socket-Welding, 

Solder Joint, Grooved and Flared 

Ends (Jan. 1, 1996) 


MSS SP-111 Gray-Iron and Ductile-Iron Tapping 
Sleeves (Jan. 1, 1996) 
MSS SP-112 Quality Standard for Evaluation of Cast 


Surface Finishes Visual and Tactile 
Method (Jan. 1, 1993) 

MSS SP-113 Standard Practice for Connecting Joint 
Between Tapping Machines and Tap- 
ping Valves (Jan. 1, 1994) 

MSS SP-114 Corrosion Resistant Pipe Fittings 
Threaded and Socket Welding Class 
150 and 1000 (Jan. 1, 1995) 


MSS SP-115 Excess Flow Valves for Natural Gas Ser- 
vice (Jan. 1, 1995) 

MSS SP-116 Service Line Valves and Fittings for 
Drinking Water Systems (Jan. 1, 1996) 

MSS SP-117 Bellows Seals for Globe and Gate 
Valves (Jan. 1, 1996) 

MSS SP-118 Compact Steel Globe and Check Valves 


Flanges, Flangeless, Threaded and 
Welding Ends (Chemical and Petro- 
leum Refinery Service) (Jan. 1, 1996) 


MSS SP-119 Belled End Socket Welding Fittings, 
Stainless Steel and Copper Nickel 
(Nov. 1, 1996) 
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MSS SP-120 Flexible Graphite Packing System or 
Rising Stern Steel Valves (Design Re- 
quirements) (March 1, 1997) 

MSS SP-121 Qualification Testing Methods for Stem 
Packing for Rising Stem Steel Valves 
(March 1, 1997) 


MSS SP-122 Plastic Industrial Ball Valves (Jan. 1, 
1997) 


NATIONAL FIRE PROTECTION ASSOCIATION 


The National Fire Protection Association (NFPA) is a voluntary association of 
members representing all aspects of fire protection, such as professional societies, 
educational institutions, public officials, insurance companies, equipment manufac- 
turers, builders and contractors, and transportation groups. The NFPA publishes 
codes, standards, guides, and recommended practices in a 12-volume set of books 
called the National Fire Codes. Conformance to the National Fire Codes may be 
required by federal, state, and local laws and regulations. Sometimes insurance 
companies may leave no choice for the owner/user of the facility but to comply 
with the fire protection and prevention requirements of the applicable National 
Fire Codes. 

Volumes 1 through 8 contain actual text of the National Fire Codes and Stan- 
dards. The requirements contained in these volumes have been judged suitable for 
legal adoption and enforcement. Volumes 9 through 11 contain recommended 
practices and guides considered to be good engineering practices. Volume 12 con- 
tains formal interpretations, tentative interim amendments, and errata that relate 
to the documents in Volumes 1 through 11. 

Here is a list of NFPA publications. For specific NFPA Codes and Standards 
related to fire protection systems piping, refer to Chapter C2, Part C of this 
handbook. 


National Fire Protection Association Publications 


Technical Committee Documentation and Reports 

Automatic Sprinkler Systems Handbook, Sixth Edition 
Automatic Sprinkler and Standpipe Systems, Second Edition 
Flammable and Combustible Liquids Code Handbook, Fifth Edition 
Fire Litigation Handbook 

SFPE Handbook of Fire Protection Engineering, First Edition 
Fire Protection Guide to Hazardous Materials, Eleventh Edition 
Fire Protection Handbook, Seventeenth Edition 

Liquefied Petroleum Gases Handbook, Third Edition 

Life Safety Code Handbook, Sixth Edition 

National Electrical Code Handbook, Seventh Edition 

National Fuel Gas Code Handbook, Second Edition 


PIPING CODES AND STANDARDS A.233 


National Fire Codes and Standards, Volumes 1 through 12 
Formal Interpretations, Volume 13 


PIPE FABRICATION INSTITUTE 


The Pipe Fabrication Institute (PFI) publishes advisory Engineering Standards (ES) 
and Technical Bulletins (TB) intended to serve the needs of the pipe-fabricating 
industry at the design level and in actual shop operations. The PFI standards contain 
minimum requirements; however, the designer or fabricator may consider specifying 
additional requirements beyond the scope of PFI publications. The use of PFI 
standards or bulletins is voluntary. A complete listing of PFI publications follows: 


Engineering Standards (ES) 


ES-1-92 Internal Machining and Solid Machined 
Backing Rings for Circumferential 
Butt Welds 

ES-2-92 Method of Dimensioning Piping Assem- 
blies 

ES-3-81 Fabricating Tolerances (R 1990) 

ES-4-85 Hydrostatic Testing of Fabricated Piping 
(R 1988) 

ES-5-93 Cleaning of Fabricated Piping 

ES-7-94 Minimum Length and Spacing for 
Welded Nozzles 

ES-11-75 Permanent Marking on Piping Materials 
(R 1990) 

ES-16-85 Access Holes, Bosses, and Plugs for Ra- 
diographic Inspection of Pipe Welds 
(R 1988) 

ES-20-97 Wall Thickness Measurement by Ultra- 
sonic Examination 

ES-21-92 Internal Machining and Fit-Up of 


GTAW Root Pass Circumferential 
Butt Welds (R 1989) 


ES-22-95 Recommended Practice for Color Cod- 
ing of Piping Materials 

ES-24-92 Pipe Bending Methods, Tolerances, Pro- 
cess, and Material Requirements 

ES-25-93 Random Radiography of Pressure Re- 
taining Girth Butt Welds 

ES-26-93 Welded Load Bearing Attachments to 
Pressure Retaining Piping Materials 

ES-27-94 “Visual Examination"— The Purpose, 
Meaning, and Limitation of the Term 

ES-29-93 Abrasive Blast Cleaning of Ferritic Pip- 


ing Materials 


A.234 

ES-30-86 
ES-31-92 
ES-32-93 
ES-34-92 
ES-35-93 


ES-36-95 
PFI ES-37 


PFI ES-39 
PFI ES-40 
PFI ES-41 


PFI ES-42 


PFI ES-44 


Technical Bulletins (TB) 
TB1-94 


TB3-93 


TB7-97 


PLASTICS PIPE INSTITUTE 
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Random Ultrasonic Examination of 
Butt Welds (R 1989) 


Standard for Protection of Ends of Fab- 
ricated Piping Assemblies 


Tool Calibration 
Painting of Fabricated Piping (R 1989) 


Nonsymmetrical Bevels and Joint Con- 
figurations for Butt Welds 


Branch Reinforcement Work Sheets 

Loading and Shipping of Piping Assem- 
blies (March 1, 1997) 

Fabricated Tolerances for Grooved Pip- 
ing Systems (Feb. 1, 1994) 

Method of Dimensioning Grooved Pip- 
ing Assemblies (Feb. 1, 1994) 


Material Control and Traceability of 
Piping Components (Jan. 1, 1995) 


Positive Material Identification of Piping 
Components Using Portable X-Ray 
Emission Type Test Equipment (Jan. 
1, 1996) 


Drafting Practices Standard (March 1, 
1997) 


Pressure-Temperature Ratings of Seam- 
less Pipe Used in Power Plant Pip- 
ing Systems 

Guidelines Clarifying Relationships and 
Design Engineering Responsibilities 
Between Purchasers’ Engineers and 
Pipe Fabricator or Pipe Fabricator 
Erector (R 1988) 

Guideline for Fabrication and Installa- 
tion of Stainless Steel High Priority 
Distribution Systems 


Those interested in the application of plastics piping systems may find the following 
Plastics Pipe Institute (PPI) publications of help: 


PPI Handbook of Polyethylene Piping 
Engineering Basics of Plastics Piping 


Plastic Piping Manual 
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In addition, the PPI publishes technical reports (TR), technical notes (TN), recom- 
mendations (REC), statements (STA), and model specifications (MS) dealing with 
plastics piping. 


Technical Reports (TR) 


PPI TR2/6 Policies and Procedures for the Listing 
of Thermoplastic Pipe, Fittings and 
Fixture Materials when Evaluated un- 
der Constant Internal Pressure with 
Flow (ASTM F 948) (1987) 


PPI TR-3 Policies and Procedures for Developing 
Recommended Hydrostatic Design 
Stresses for Thermoplastic Pipe Mate- 
rials; Addendum— 1992 (1992) 


PPI TR-4 Recommended Hydrostatic Strengths 
and Design Stresses for Thermoplastic 
Pipe and Fittings Compounds; Cor- 
rection Notice (1994) 


PPI TR-5 Standards for Plastics Piping (1990) 

PPI TR-7 Recommended Method for Calculation 
of Nominal Weight of Plastic Pipe 
(1988) 

PPI TR-9 Recommended Design Factors for Pres- 


sure Applications of Thermoplastic 
Pipe Materials (1992) 


PPI TR-11 Resistance of Thermoplastic Piping Ma- 
terials to Micro- and Macro-Biological 
Attack (1989) 


PPI TR13 Poly (Vinyl Chloride) (PVC) Plastic Pip- 
ing Design and Installation (1973) 

PPI TR14 Water Flow Characteristics of Thermo- 
plastic Pipe (1992) 

PPI TR18 Weatherability of Thermoplastic Pip- 
ing (1973) 

PPI TR19 Thermoplastics Piping for the Transport 
of Chemicals; Errata (1991) 

PPI TR20 Joining Polyolefin Pipe (1973) 

PPI TR21 Thermal Expansion and Contraction of 
Plastic Pipe; Errata (1974) 

PPI TR-22 Polyethylene Plastic Piping Distribution 


Systems for Components of Liquid 
Petroleum Gases; Revision—1991 
(1988) 


PPI TR-30 Thermoplastic Fuel Gas Piping Investi- 
gation of Maximum Temperatures At- 
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PPI TR-31 


PPI TR-32 


PPI TR8 


Technical Notices (TN) 
PPI TN-15 


PPI TN-16 


PPI TN2 


PPI TN8/8 


PPI TN12/3 


PPI REC.A 


PPI REC.B 


PPI REC.C 


PPI STA.L 


PPI STA.H 
PPLSTA.N 
PPI STA.R 


PPI STA.S 


PPI MS-2 
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tained by Plastics Pipe Inside Service 
Risers (1988) 


Underground Installation of Polyolefin 
Piping (1988) 

Recommended Minimum  In-Plant 
Quality Control Program for Produc- 
tion of Polyethylene Gas Distribution 
Piping Systems (1989) 

Installation Procedures for Polyethylene 
(PE) Plastic Pipe (1984) 


Resistance of Polyethylene Pipe to a 
Sanitary Sewage Environment (1992) 


Rate Process Method for Evaluating 
Performance of Polyethylene Pipe 
(1992) 


Sealants for Polyvinyl Chloride (PVC) 
Plastic Piping (1970) 


Making Threaded Joints with Thermo- 
plastic Pipe and Fittings (1973) 


Coefficients of Thermal Expansion 
Thermoplastic Piping Materials 
(1977) 


Limiting Water Velocities in Thermo- 
plastic Piping Systems (1971) 

Thermoplastic Piping for the Transport 
of Compressed Air or Other Com- 
pressed Gases (1989) 


Pressure Rating of PVC Plastic Piping 
for Water at Elevated Temperatures 
(1973) 

Thermoplastic Piping in Fire Sprinkler 
Systems 

Noise in Piping Systems (1988) 

Pipe Permeation (R 1990) (1984) 

Technical Considerations When Using 
Polyethylene (PE) (1992) 

Caution Statement on Heat Fusion 
Methods of Polyethylene Pipe and/or 
Fittings of Similar Colors (1991) 

Model Specification for Polyethylene 


Plastic Pipe Tubing and Fittings for 
Natural Gas Distribution (1990) 
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STEEL STRUCTURES PAINTING COUNCIL 


The Steel Structures Painting Council (SSPC) publishes specifications, which include 
surface preparation (SP), pretreatment (PT), paint application (PA), and paint and 
paint systems (PS). These specifications identify practical and economical methods 
of surface preparation and painting steel structures. They are used to clean and 
paint piping and other steel equipment. With the exception of paint and paint 
system specifications, the following are the commonly used SSPC specifications: 


Surface Preparation (SP) Specifications 


SSPC-Vis I-89 Pictorial Surface Preparation Standard 
for Painting Steel Surfaces 

SSPC-Vis 2-82 Standard Method of Evaluating Degree 
of Rusting on Painted Steel Surfaces 

SSPC-SP 1-82 Solvent Cleaning 

SSPC-SP 2-95 Hand Tool Cleaning 

SSPC-SP 3-95 Power Tool Cleaning 

SSPC-SP 5-94 White Metal Blast Cleaning 

SSPC-SP 6-94 Commercial Blast Cleaning 

SSPC-SP 7-94 Brush-Off Blast Cleaning 

SSPC-SP 8-91 Pickling 

SSPC-SP 10-94 Near-White Blast Cleaning 

SSPC-SP 11-95 Power Tool Cleaning and Base Metal 


Pretreatment Specifications (PT) 


SSPC-PT 1 Wetting Oil Treatment 

SSPC-PT 2 Cold Phosphate Surface Treatment 

SSPC-PT 3 Basic Zinc Chromate-Vinyl Butyral 
Washcoat 

SSPC-PT 4 Hot Phosphate Surface Treatment 


Paint Application (PA) Guides 


SSPC-PA I-91 Shop, Field, and Maintenance Painting 


SSPC-PA 2-91 Measurement of Dry Paint Thickness 
with Magnetic Gauges 


TUBULAR EXCHANGER 
MANUFACTURERS ASSOCIATION 


The Tabular Exchanger Manufacturers Association (TEMA) publishes standards 
for use by manufacturers and users. The following is a list of some Heat Exchange 
Institute (HEI) publications that may be of interest: 
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HEI 8 Standards for Power Plant Heat Ex- 
changers, Second Edition 

HEI 8A Standards for Steam Jet Vacuum Sys- 
tems, Fourth Edition 

HEI 10 Standards for Steam Surface Condens- 
ers, Eighth Edition 

HEI 10A Standards for Steam Surface Condens- 
ers Addendum, Eighth Edition 

HEI TSD Standards and Typical Specifications for 


Deaerators, Fifth Edition 


UNDERWRITERS LABORATORIES 


The UL is a nonprofit organization that develops specifications and standards 
directed toward assuring the safety of materials, products, and equipment when 
used in accordance with the conditions for which they were designed. It also tests 
items for conformance to these and other nationally recognized standards and 
publishes lists of items approved as a result of the tests. The NFPA codes require 
that items to be used in fire protection and prevention systems be approved and 
listed. The UL-published UL Fire Protection Equipment List (such as a listing of 
fire-loop piping material and equipment manufacturers) is one of the publications 
normally used by those involved in piping associated with fire protection systems. 


FOREIGN CODES AND STANDARDS 


The basic principles of piping design and construction may not differ much from 
one country to another, but the requirements of country-specific codes and standards 
may vary substantially. Therefore, the personnel involved in the engineering design, 
construction, operation, and maintenance of piping systems must ensure that the 
requirements of applicable codes and standards are complied with to ensure the 
safety of the general public and workers associated with the facility. 

The user is advised to verify the latest applicable version/edition of the code 
and/or standard before invoking their requirements for any application. 
Appendix E10 provides a listing of British, DIN, Japanese, and ISO codes, stan- 
dards, and specifications related to piping. 


BRITISH STANDARDS AND SPECIFICATIONS 


Pipe, Tube, and Fittings 


Appendix E10, Table E10.B1 lists British standards and specifications for pipe, 
tube, and fittings. 
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Flanges, Bolts, Nuts, and Gaskets 


Appendix E10, Table E10.B2 lists British standards and specifications for flanges, 
bolts, nuts, and gaskets. 


Valves 


Appendix E10, Table E10.B3 lists British standards and specifications for valves. 


DIN STANDARDS AND SPECIFICATIONS 


Pipe, Tube, and Fittings 


Appendix E10, Table E10.D1 lists DIN standards and specifications for pipe, tube, 
and fittings. 


Flanges, Bolts, Nuts, and Gaskets 


Appendix E10, Table E10.D2 lists DIN standards and specifications for flanges, 
bolts, nuts, and gaskets. 


Valves 


Appendix E10, Table E10.D3 lists DIN standards and specifications for valves. 


JAPANESE STANDARDS AND SPECIFICATIONS 


Pipe, Tube, and Fittings 


Appendix E10, Table E10.J1 lists Japanese standards and specifications for pipe, 
tube, and fittings. 


Flanges, Bolts, Nuts, and Gaskets 


Appendix E10, Table E10.J2 lists Japanese standards and specifications for flanges, 
bolts, nuts, and gaskets. 


Valves 


Appendix E10, Table E10.J3 lists Japanese standards and specifications for valves. 
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ISO STANDARDS AND SPECIFICATIONS 


Pipe, Tube, and Fittings 


Appendix E10, Table E10.I1 lists ISO standards and specifications for pipe, tube 
and fittings. 


Flanges, Bolts, Nuts, and Gaskets 


Appendix E10, Table E10.12 lists ISO standards and specifications for flanges, bolts, 
nuts, and gaskets. 


Valves 


Appendix E10, Table E10.I3 lists ISO standards and specifications for valves. 
Other chapters include reference to other international or foreign standards and 
specifications relevant to the piping and related components. 


REFERENCES 


1. ASME Boiler and Pressure Vessel Code, Section 1, Power Boilers, 1998 Edition, American 
Society of Mechanical Engineers, New York. 


2. ASME Boiler and Pressure Vessel Code, Section II, Material Specifications, 1998 Edition, 
American Society of Mechanical Engineers, New York. 


3. ASME Boiler and Pressure Vessel Code, Section III, Division 1, Nuclear Power Plant 
Components, 1998 Edition, American Society of Mechanical Engineers, New York. 

4. Code of Federal Regulations, Title 10, Part 50, Section 50.55a, Codes and Standards, 
January 1, 1998, Office of the Federal Register, National Archives and Records Adminis- 
tration, Washington, D.C. 

5. ASME Boiler and Pressure Vessel Code, Section V, Nondestructive Examination, 1998 
Edition, American Society of Mechanical Engineers, New York. 


6. ASME Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels, 1998 Edition, 
American Society of Mechanical Engineers, New York. 

7. ASME B31, Code for Pressure Piping, Section B31.1, Power Piping, 1998 Edition, Ameri- 
can Society of Mechanical Engineers, New York. 

8. ASME Boiler and Pressure Vessel Code, Section IX, Welding and Brazing Qualifications, 
1998 Addendum, American Society of Mechanical Engineers, New York. 

9. ASME Boiler and Pressure Vessel Code, Section XI, Rules for Inservice Inspection of 
Nuclear Power Plant Components, 1998 Edition, American Society of Mechanical Engi- 
neers, New York. 

10. ASME B31, Code for Pressure Piping, Section B31.9, Building Services Piping, 1996 
Edition, American Society of Mechanical Engineers, New York. 


11. ASME B31, Code for Pressure Piping, Section B31.3, Process Piping, 1996 Edition, Ameri- 
can Society of Mechanical Engineers, New York. 

12. ASME B31, Code for Pressure Piping, Section B31.4, Liquid Transportation Systems for 
Hydrocarbons, Liquid Petroleum Gas, Anhydrous Ammonia, and Alcohol, 1992 Edition 
with Addenda B31.1A-1994, American Society of Mechanical Engineers, New York. 


13. 


14. 


15. 


16. 


PIPING CODES AND STANDARDS A.241 


ASME B31, Code for Pressure Piping, Section B31.5, Refrigeration Piping, 1992 Edition 
with Addenda B31.5A-1994, American Society of Mechanical Engineers, New York. 


ASME B31, Code for Pressure Piping, Section B31.8, Gas Transmission and Distribution 
Piping Systems, 1995 Edition, American Society of Mechanical Engineers, New York. 


ASME B31, Code for Pressure Piping, Section B31.11, Slurry Transportation Piping Sys- 
tems, 1989 Edition, American Society of Mechanical Engineers, New York. 


USAS B31.2, Fuel Gas Piping, 1968 Edition, American Society of Mechanical Engineers, 
New York. 


CHAPTER A5 


MANUFACTURING OF 
METALLIC PIPE 


Alfred Lohmeier 
Materials Engineer 
(Formerly Vice President— Technical) 
Sumitomo Corporation of America 
New York, New York 


Daniel R. Avery 
Technical Marketing Manager 
Wyman-Gordan Forgings, Inc. 

Houston, Texas 


DEVELOPMENT OF COMMERCIAL PIPE-MAKING 


There have been increasing societal demands for modern structures and facilities 
and concomitant increased emphasis on safety and reliability of equipment under 
all operating conditions. Piping manufacturing processes have been developed to 
provide the quality and reliability commensurate with these demands, together with 
economically feasible production methods. To meet the more stringent reliability 
goals, the quality control of the piping manufacturing process from the production 
of the raw material to the finished product is of significant importance. Driving the 
need for process quality improvement are the social and economic consequences 
of equipment failure in critical applications such as power generation, chemical and 
petroleum production, and transportation. 

This chapter considers the methods by which different types of metallic pipe 
are produced. It also considers the various steel-making processes which are impor- 
tant to the ultimate quality of the manufactured pipe. For a discussion of pipes 
made of thermoplastic and fiberglass, refer to Part D of this handbook. 


Historical Background 


The history of pipe manufacturing goes back to the use of hollow wooden logs to 
provide water for medieval cities. The use of cast-iron pipes in England and France 


A.243 


A.244 PIPING FUNDAMENTALS 


became prevalent in the early nineteenth century. The first major cast-iron water 
pipeline for Philadelphia was obtained in 1817 and for New York in 1832. Distribu- 
tion of gas for gaslights was initiated in England, using sheet iron drawn through 
a die to a cylindrical shape and with the edges welded together. In 1887 the first 
pipe was made of Bethlehem steel in the United States. 

Seamless pipe manufacture was attempted in the mid-nineteenth century by 
various means; the Mannesmann process was developed in Germany in 1885 and 
operated commercially in England in 1887. The first seamless pipe mill in the United 
States was built in 1895. 

In the early twentieth century, seamless tubes gained wide acceptance as the 
Industrial Revolution proceeded with automobiles, oil refineries, oil pipelines, oil 
wells, and fossil power generation boilers. At that time, the welded tube had not 
achieved the reliability of present-day electric resistance welded tubes. 

The development of pipe and tube production methods, together with the devel- 
opment of steel alloys capable of withstanding the demanding environmental condi- 
tions of temperature, chemistry, pressure, and cyclic thermal and pressure load 
application have enabled pipe and tube to be used reliably in the most critical 
applications, ranging from Alaskan pipelines to nuclear power generation plants. 


World Tubular Product Production Capability 


World production and consumption of iron and steel tubular products makes up 
almost 14 percent of the worldwide crude steel conversion. World production of 
steel tubular products is continuously increasing to meet the demands of world- 
wide industrialization and growing population. The production of iron and steel 
tubular products vary depending on a wide range of worldwide economic factors 
such as oil exploration, power generation plant construction, and automotive pro- 
duction. For example, in economic climates where oil prices are low, there is less 
incentive to drill new oil wells. Consequently, the production of steel pipe for oil 
drilling casings would be reduced. Similar examples of steel pipe production as a 
function of economic climate can be seen in the power generation and automotive 
industries. Total world production of pipe is an integration of the effects of the 
local national economic climates throughout the world. 


FERROUS PIPE-MAKING PROCESSES 


Iron-Making 


The making of steel for ferritic piping begins with the smelting of iron ore found 
in deposits in the crust of the earth throughout the world in forms such as hematite 
and magnetite. In preparation for the smelting process, the iron ore may be treated 
by any of several methods to convert it into a suitable form for introduction into 
the blast furnaces. One method is sintering, which converts ores into a porous mass 
called clinkers. Another is smelting, which is performed in a blast furnace. The 
process involves the chemical reaction of iron ore with limestone, coke, and air 
under heat, reducing the iron ore to iron. The “pig” iron obtained from the blast 
furnace is used as the basic component in the steel-making process. 
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Steel-Making 


Steel for piping can be produced in several ways (Fig. A5.1), depending on the 
facilities available and the desired characteristic of the steel. Generally, steel requires 
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FIGURE AS5.1 Piping steel-making processes. 


the removal of carbon from the pig iron to a degree required by the carbon steel 
properties desired. Alloy steel also requires the addition of alloying elements such 
as chromium, nickel, manganese, and molybdenum to provide the special properties 
associated with the alloying element. 


Bessemer Converter. The Bessemer method of making steel (due to Sir Henry 
Bessemer in 1856) consisted of blowing a current of cold air through the molten 
pig iron, thereby using the oxygen in the air to burn carbon and other impurities 
from the melt. After burning out the carbon in the pig iron, the exact amount of 
carbon required for the steel is reintroduced into the heat. 


Basic Oxygen Process. The basic oxygen process (BOP) is essentially the same 
as the Bessemer process except that it uses pure oxygen (instead of air) together 
with burned lime converted from limestone. This process burns out the impurities 
more quickly and completely and provides for more precise control of the steel 
chemistry. 


Open-Hearth Furnace. The open-hearth furnace is used to produce much of the 
steel in the United States; however, it is being superseded by the basic oxygen 
process. Its significant advantage is the ability to use scrap steel as well as pig iron 
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as ferrous stock in producing steel. The open-hearth furnace is a large rectangular 
brick floor, or hearth, completely covered with a brick structure through which the 
charge of ferrous stock and limestone is introduced. It is fueled with coke gas, oil, 
or tar introduced through a burner playing a flame across the hearth while the 
products of combustion escape through the furnace wall away from the burner. An 
advantage of the open-hearth process is that testing for carbon content during the 
heating is possible, allowing adjustments to be made to the feed-stock at that time 
to control the chemistry of the product. 


Electric Arc Furnace. The electric arc furnace is a large kettle-shaped chamber 
lined with fire brick, into which a charge of steel scrap with coke is melted by means 
of heat produced by an electric arc. Since no burning of fuel is required, the oxygen 
of the steel can be controlled and kept to a minimum. Alloying elements can be 
added without the fear of oxidation. Because of the control of heat time, tempera- 
ture, and chemistry, the electric arc furnace is used in the production of high-quality 
alloy steels. 


Argon Oxygen Process. The argon oxygen process (AOP) is used in the production 
of specialty steels with low carbon and sulfur and high chromium content. A charge 
of steel of almost the desired properties is introduced into a basic oxygen furnacelike 
vessel, and controlled amounts of oxygen and argon are introduced into the melt. 
This reducing process conserves valuable chromium. 


Vacuum Degassing Process. When exceptionally high quality steel is required, 
steel can be “degassed” in a vacuum environment. This vacuum degassing process 
provides strong reduction in hydrogen, oxygen, nitrogen, inclusions, and contami- 
nants such as lead, copper, tin, and arsenic. 


Ingots, Blooms, and Billets. Ingots, blooms, and billets are the shapes into which 
the molten metal is solidified before using it in a particular pipe-making (or other) 
process. An ingot is poured from the molten steel and after solidification goes to 
the blooming mill to be rolled into square blooms, which are further formed onto 
bar rounds. Alternately, in the case of large pipe, the ingot may be formed into 
pierced billets to be used in the seamless tube-making process. 


Continuous Casting Process. Although the development of the continuous casting 
process (Fig. A5.2) began in the nineteenth century, it was after World War II that 
its use became of great commercial interest. In the continuous casting process, 
molten steel is poured from the melting furnace to a ladle feeding a reservoir called 
a tundish. The tundish feeds a lubricated mold that has a cooled copper surface, 
and the solidifying steel is continuously drawn from the mold. In the case of piping 
steel, the mold is the shape of the billet or slab used in the tube-making process. 
There are many types of continuous casting processes, ranging from vertical to 
horizontal, with variations of bent sections in between. This process is now used 
in more than half the world’s steel production. In Japan, 85 percent of the total 
steel produced is by the continuous casting process. 


Pipe- and Tube-Forming Processes 


There are basically two types of pipe- and tube-forming processes, namely, seamless 
and welded. Each process imparts unique properties to the pipe or tube. Seamless 
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FIGURE A5.2 Continuous casting process. 


pipe or tube does not have the presence of a welded seam along the length of the 
pipe. This seam has traditionally been believed to be a potential weakness. The 
development of automated welding processes and quality control, however, has 
made this a virtually nonexistent concern. The control of thickness uniformity and 
concentricity is relatively easy with welded pipe and tube. In general, the seamless 
pipe is more expensive to produce. The classification of cylindrical tubular products 
in terms of either pipe or tube is a function of end use. This is discussed further 
under Tubular Product Classification. 


Seamless Pipe. Seamless tube and pipe (Fig. A5.3) are manufactured by first 
producing a hollow tube which is larger in diameter and thickness than the final 
tube or pipe. The billet is first pierced by either a rotary (Mannesmann) piercer or 
by a press piercing method. For tubes of small diameter, the mandrel mill process 
is used. For medium outside diameter tubes of carbon or low-alloy steel, the Mannes- 
mann plug mill process is used. Large-diameter, heavy-wall carbon steel, alloy, and 
stainless pipe is manufactured by the Erhardt push bench process and vertical 
extrusion similar to the Ugine Sejournet type extrusion process. High-alloy and 
specially shaped pipe are manufactured by the Ugine Sejournet extrusion-type 
process. These processes are performed with the material at hot-metal-forming 
temperatures. Further cold processing may or may not be performed to obtain 
further dimensional accuracy, surface finish, and surface metallurgical structure. 
Mandrel (Pilger) Mill Process. In the mandrel (pilger) mill process (Fig. A5.4), 
a steel billet is heated to forging temperature and placed between the rolls of a 
hot rotary piercing mill. A piercing point is placed at the center of the billet, and 
the rotating rolls are designed to advance the billet over the piercing point, thereby 
forming a hole through the center of the billet along its entire length as it advances 
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FIGURE A5.3 Seamless tube and pipe manufacturing processes. 


into the tilted rolls. A mandrel of outside diameter approximately that of the inside 
finished pipe diameter is pressed into the pierced hole of the billet. This combination 
of mandrel and billet is placed between rolls of a pilger-mill having a cam-shaped 
contour revolving counter to the direction in which the billet is being forced by 
means of a hydraulic and pneumatic ram mechanism. 


First phase 
direction of feed 


Second phase 
rolling 


Third phase 
outlet 


Fourth phase 
recuperator 


FIGURE A5.4 Mandrel (pilger) mill process. 
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In the pilger-mill, the rolls first grab the hot billet and after some rotation form 
a shaft. The pressure of the rolls forces the billet backward, and the resulting tube 
section is squeezed and smoothed out in the adjacent part of the roll groove. This 
process is equivalent to forging the billet against the mandrel and driving the billet 
and mandrel against the ram. After reaching the open portion of the cam shape, 
the ram mechanism again forces the billet into the rolls. Following the pilger- 
mill process, the tube is reheated and passed through a reducer or sizer to 
provide a more uniform diameter. The resulting tube or pipe is called hot finished 
seamless. 

The pilger-mill process is slower than conventional drawing. However, since 
large reductions in diameter are possible 
in a single pass, the process is applied to 
the production of tubes of small diame- 
ter such as heat exchangers, fossil fuel 
boilers, and nuclear steam generators. 

Mannesmann Plug-Mill Process. 
In the Mannesmann plug-mill process 
(Fig. A5.5) the billet may be pierced in 
two hot rotary piercers because of the 
greater reduction needed for medium- 
size pipe and tube. Following the pierc- 
ing process, the pierced billet is placed 
in a plug-mill, which reduces the diame- 
ter by rotating the tube over a mandrel. 
Having some ovality, the tube is next 
inserted between the rolls of reelers 
which provide for dimensional correc- 
tion and burnish the inside and outside 
diameters of the tube. Finally, after re- 
heating, the tube reenters a reeler and 
sizing rollers to provide for greater di- 
mensional uniformity. 

The Mannesmann plug-mill process AAN Sizing 
is a standard process for making large ANE 
quantities of thin-wall stainless steel FIGURE A5.5 Mannesmann plug-mill process. 
tube or pipe of uniform size and round- 
ness throughout its entire length. 

Ugine Sejournet Type Extrusion Processes. The Ugine Sejournet extrusion 
process (Fig. A5.6) is used for high-alloy steel tubes and pipe such as those of 
stainless steel and specially shaped pipe. A descaled billet, heated to approximately 
2300°F (1260°C), is placed in the vertical press compartment with an extrusion die 
at its bottom. After applying a hydraulic ram to the billet, a piercing mandrel within 
the ram punches the billet, producing a cylinder from which the punch piece is 
ejected through the extrusion die opening. Following this, the ram is activated to 
apply pressure to the billet, and the billet is extruded through the annulus formed 
between the piercing mandrel and die cavity. In horizontal presses, piercing is done 
as a separate operation, or a hollow is used with a mandrel and die. The mandrels and 
dies are made of high-alloy steels containing tungsten, molybdenum, and chromium 
having Rockwell C hardness values of approximately 46. Powdered glass is the 
lubricant used in this process. Heavy-wall pipe in sizes NPS 8-48 (DN 200-1200), 
having a wall thickness ranging from 1 in (25 mm) to 6 in (150 mm), is extruded 
vertically to 45 ft (14 m) lengths using procedural steps in the Ugine Sejournet 
process and a graphite lubricant. These large extrusions of carbon-, alloy-, and 
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FIGURE A5.6  Ugine Sejournet extrusion process. 


nickel-based materials include ASTM specifications A 106, Grades B & C; A 312; 
A 333; A 335; A 376; B 167; and B407. Heavy-wall pipe per ASTM A335, Grades 
P11, P22, and P91 is increasingly being used in power generation. In addition, heavy- 
wall pipe is utilized in offshore oil drilling and production. 

Forged Seamless Pipe. Forged pipe is used for large-diameter, NPS 10-30 (DN 
250—750), and thickness, 1.5—4 in (40-100 mm), pipe, where equipment availability 
and cost for other seamless grades are limiting. There are two processes available 
for the production of forged seamless pipe, namely, forged and bored pipe and 
hollow forged pipe. 

Forged and Bored Seamless Pipe. In the forged and bored process a billet or 
ingot heated to forging temperature is elongated by forging in heavy presses or 
forging hammers to a diameter slightly larger than that of the finished pipe. After 
turning in a lathe to the desired outside diameter, the inside diameter is bored to 
the specified internal diameter dimensions. The resulting pipe can be made to very 
close tolerances. Sections 50 ft (15 m) long have been produced by this process. 

Hollow Forged Seamless Pipe Erhardt Type Process. The Erhardt process (Fig. 
A5.7), developed by Heinrich Erhardt in Germany in 1891, consists of heating a 
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FIGURE A5.7 Hollow-forged seamless pipe—Erhardt-type process. 


square ingot to forging temperature, placing it into a circularly hollow die, and 
incompletely piercing it with a vertical piercing mandrel such that a cup shape is 
obtained. As a result of the piercing at forging temperature, the square ingot 
becomes the (circular) shape of the die. After reheating, the cup-shaped shell is 
mounted on a mandrel and pushed through a series of dies to the desired diameter 
and wall thickness, after which the cupped end is removed and the inside and 
outside pipe diameters are machined. This process is used for large-diameter and 
heavy-wall seamless pipe for boiler headers and main steam line piping. It can be 
applied to produce low and medium carbon steel pipe (ASTM A53, A106, A161, 
A179, A192, A210), stainless steel pipe (TP329, TP304, TP304L, TP321, TP347, 
TP316), and high nickel alloys (A333, A334). 

Cold and Hot Finishing of Seamless Pipe and Tube. Pipe that has been pro- 
duced by the Mannesmann plug-mill, mandrel mill, Ugine Sejournet, or Erhardt 
forging process can be used as hot finished seamless steel pipe or tube if the 
application does not require further finishing. If further finishing is required, the 
pipe or tube may be further reduced by a cold reduction process (Fig. A5.8). If the 
cold reduction processes are used, the reduced tube must be heat-treated in a furnace 
such as a bright annealing furnace or in a continuous barrel furnace. Subsequent to 
the heat treatment of the cold finished pipe, the pipe must pass through a straight- 
ening process which corrects any nonstraight sections caused in the pipe by the 
heat treatment of cold reduced pipe. The straighteners are either a series of rolls 
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(b) 
FIGURE A5.8 Cold and hot finishings of seamless pipe and tube. 


through which the pipes pass cold or a device which bends the pipe at discreet 
locations along the pipe. The resulting product is called cold finished seamless pipe 
or tube. 

In applications of tube to fossil fuel boilers, cold finishing is sometimes specified. 
Cold finishing improves the surface finish and dimensional accuracy. Some boiler 
manufacturers, however, consider the hot finished tube surface satisfactory and 
specify it as such because of its reduced cost. 


Welded Pipe. Welded pipe is produced by forming a cylinder from flat steel sheets 
coming from a hot strip mill. The strip mill takes the square bloom from the 
blooming mill and reduces it into plates, skelp, or coils of strip steel to be fed into 
the particular welding process equipment. Butt-weld pipe is made by furnace heating 
and forge welding or by fusion welding using electric resistance, flash, submerged- 
arc welding, inert-gas tungsten-arc welding, or gas-shielded consumable metal-arc 
welding. The welded seam is either parallel to the tube axis or in a spiral direction 
about the tube centerline. 

Furnace-Welded (Continuous or Butt-Welded) Pipe. This is a low-cost carbon 
steel pipe below 4-in diameter made of steel from open-hearth or basic oxygen 
Bessemer steel. In this process, skelp is heated to welding temperature in a continu- 
ous furnace and passed through forming and welding rolls, welding the strip edges 
at the same time the tube is formed. Strips can be consecutively resistance-welded 
to each other to form a continuous pipe. 

Fusion-Welded Pipe. Fusion-welded pipe is produced by resistance-welding, 
induction-welding, or arc-welding. 

Electric Resistance-Welded Pipe. In the electric resistance-welded (ERW) pipe 
process (Fig. A5.9), upon exiting the forming mill, the longitudinal edges of the 
cylinder formed are welded by flash-welding, low-frequency resistance-welding, 
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FIGURE A5.9 Electric resistance welded pipe process. 


high-frequency induction-welding, or high-frequency resistance-welding. All pro- 
cesses begin with the forming of the cylinder with the longitudinal seam butt edges 
ready to be welded. 

In the flash-welding process, the butted cylinder surfaces are placed in contact; 
a voltage is applied across the contact, causing metal flashing along the seam length 
and raising the steel temperature locally to the metal-forming temperature. After 
this, the seam edges are pressed together and a pressure fusion-weld is formed at 
a temperature lower than the steel melting point. The upset material along both 
the inside and outside of the seam is removed with a scarfing tool. This process is 
used to produce high-strength carbon steel pipe from NPS 4 to 36 (DN 100 to 900). 

In the low-frequency resistance method, electric current and pressure are simulta- 
neously applied, and the resulting heat causes melting of the edges. The resulting 
seam is similar to that from the flash-welding process and requires removal of the 
upset material. Postweld heat treatment may be desirable for stress relief, tempering, 
or recrystallization. This process is applied to pipe of outside diameters up to NPS 
22 (DN 550). 

High-frequency welding process, using an alternating current of more than 
400,000 Hz, is similar to the low-frequency resistance welding process. The lower 
inductance path followed by the current produces a smaller high-temperature band 
that minimizes the amount of upset material. This process is used for pipe up to 
NPS 42 (DN 1050). 

For production of small-diameter pipe at high rates of production, the high- 
frequency induction-welding process may be used. In this process, an induction 
coil raises the seam temperature to welding temperature. The rapid increase in 
temperature caused by the high-frequency current causes little upsetting because 
of the resulting control of temperature and fusion. 

Several arc-welding processes are used in commercial welded pipe production. 
These include the submerged-arc-welding process, the inert-gas tungsten-arc-weld- 
ing process, and the gas-shielded consumable metal-arc-welding process. 
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In the submerged-arc-welding process, bare wire consumable electrodes are 
added to the weld metal under a blanket of flux. The melting flux creates a protective 
atmosphere of inert gas and a slag blanket over the solidifying weld metal. In heavy- 
wall piping, simultaneous submerged arc seam welds on inner and outer sides of 
the pipe are sometimes used to build up the weld thickness to the desired level. In 
modern pipe production facilities, automated equipment is used to control all vari- 
ables in the submerged arc process, including relative movement speed between 
pipe and welding heads, wire feed rate, welding current, and flux feed rate. Sub- 
merged-arc seam-welded pipe is used in critical high-temperature or high-pressure 
applications in the electrical power generation process and chemical industries. 

For carbon steel and stainless steel pipe of smaller wall thickness, the inert-gas 
tungsten-arc-welding process is used. The weld is protected by an inert gas such as 
argon or helium, which forms a blanket over the weld metal. For thicker-wall pipe, 
a filler wire may be fed into the protective gas blanket. For thin-wall pipe, no filler 
is used. A number of variations in pipe forming before welding are used, including 
molding, pressing, or rolling strip into cylinders. 

Spiral Welded Pipe. Lightweight pipe for temporary or light operation duty 
such as in water systems applications may be made by the spiral-welded process. 
In this process, narrow strips of steel sheet are helically wound into cylinders. The 
edges of this strip can either be butting or overlapping and are welded by any of 
several electric arc-welding processes. 


Cast Pipe 

Cast-Iron Pipe. "There are four basic types of cast iron: white iron, gray iron, 
ductile iron, and malleable iron. White iron is characterized by the prevalence of 
carbides which impart high compressive strength, hardness, and resistance to wear. 
Gray cast iron has graphite in the microstructure, giving good machinability and 
resistance to wear and galling. Ductile iron is gray iron with small amounts of 
magnesium or cesium which bring about nodularization of the graphite, resulting 
in both high strength and ductility. Malleable iron is white cast iron which has been 
heat-treated to provide for ductility. 

Cast-iron pipe is extensively used for underlying water, sewage, and gas distribu- 
tion systems because of its long life expectancy. Specifications for this pipe can be 
found under Federal Specification W-W-P-421b-Pipe, Cast Iron, Pressure (for Water 
and Other Liquids). Cast-iron pipe is produced from four processes: vertical pit 
casting, horizontal casting, centrifugal sand mold casting, and centrifugal metal 
mold casting. 

Vertical Pit Process. The vertical pit process for producing pipe requires a sand 
mold formed into a pipe pattern of the outer surface of the pipe, into which a 
separately made core is placed. The molten iron is poured into the vertical annulus 
between the outer mold and the core. American Standard Specifications for Cast 
Iron Pit Cast Pipe for Water or Other Liquids are available in ASTM Specification 
A 377. Pit-cast pipe specifications for the gas industry may be found in American 
Gas Association (AGA) Standards for Cast Iron Pipe and Special Castings. ASTM 
Designation A142 provides specifications for pit-cast culvert pipe. 

Horizontal Process. In the horizontal cast-iron pipe process, horizontal outer 
molds are made in halves, with a core formed around a perforated horizontal bar. 
After the top half is placed on the bottom half, the molten iron is introduced in a 
manner preventing ladle slag from entering the mold. 

Centrifugally Cast-Iron Pipe. "There are two types of centrifugal casting ma- 
chines—horizontal and vertical. Pipe is most commonly produced in the horizontal 
machine. The centrifugal castings are formed after molten metal is poured into a 
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rotating mold. The mold continues its rotation until solidification of the metal is 
complete, after which the casting is removed. Molds can be made of sand or, for 
permanent molds, graphite, carbon, or steel. The centrifugal casting process provides 
a means of producing high-quality castings which are defect-free due to the absence 
of shrinking. These castings cool from the outside to the inside, providing a desirable 
directional solidification which results in cleaner and denser castings than those 
resulting from static casting methods. 

Cast-Steel Pipe. Cast-steel pipe is produced by either static or centrifugal 
casting processes. In the horizontal centrifugal casting machine, the molten steel is 
introduced into the rotating mold of sand, ceramics, or metal. Centrifugally cast 
pipe can be obtained in sizes up to NPS 54 (DN 1350). Application of this pipe 
can be found in paper mill rolls, gun barrels, and high-temperature and pressure 
service in refineries (temperatures above 1000°F or 538°C). This process is also 
used for high-nickel and high-nickel alloy pipes. 

Cold-Wrought Steel Pipe. Centrifugally cast stainless steel pipe can be cold 
expanded subsequent to casting by internally applied pressure to form cold-wrought 
pipe. The process, called hydroforging, applied to austenitic stainless steels provides 
for recrystallization and grain refinement of the centrifugally cast material grain 
structure. 


NONFERROUS PIPE-MAKING PROCESSES 


Aluminum and Aluminum Alloy Tube and Pipe 


Aluminum tubular products include both pipe and tube. They are hollow-wrought 
products produced from a hollowed ingot by either extrusion or by welding flat 
sheet, or skelp, to a cylindrical form. General applications are available in alloys 
1100, 2014, 2024, 3003, 5050, 5086, 6061, 6063, and 7075. For shell and tube heat 
exchanger applications, alloys 1060, 3003, 5052, 5454, and 6061 are available. Pipe 
is available only in alloys 3003, 6061, and 6063. The designation numbers indicate 
the particular alloying element contained in the aluminum alloy (such as copper, 
manganese, silicon, magnesium, and zinc) and the control of the impurities. The 
numerical designation system consists of four numbers, abcd, where a designates 
the major alloying element in the aluminum alloy: 1 for 99 percent pure aluminum, 
2 for copper, 3 for manganese, 4 for silicon, 5 for magnesium, 6 for magnesium 
and silicon, 7 for zinc, and 8 for another element. Digit b designates an alloy 
modification for groups 2 through 8 and an impurity limit for group 1. Digits c and 
d indicate the specific alloy for groups 2 through 8 and the purity of group 1. 


Copper and Copper Alloy Tube and Pipe 


Copper tube and pipe have a wide range of application throughout the chemical, 
process, automotive, marine, food and beverage, and construction industries. Uni- 
fied Numbering System (UNS) designations (CXXXXX) have been established for 
many alloys of copper. ASTM and ASME specifications have been developed for 
copper tube and pipe. Seamless pipe and tube are covered by ASTM B466, B315, 
B188, B42, B302, B75, B135, B68, B360, B11, B395, B280, B306, B251, B372, and 
B88. ASME specifications include SB466, SB315, SB75, SB135, SB111, SB395, 
and SB359. 
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Tubes and pipe of copper and copper alloys are produced by either of two 
processes— piercing and extrusion, or welding skelp formed into cylindrical shape. 
The seamless pipe or tube produced through the extrusion process is the most 
common commercial form of copper and copper alloy tubular products. 


Hot Piercing Process. In the Mannesmann piercing process, a heated copper billet 
is first pierced, then rolled over a mandrel which determines the inside diameter 
of the pipe. Following the piercing operation, the pierced shell is drawn through a 
die and over a plug to obtain the finished outside and inside diameters. 


Extrusion Process. In the extrusion process, the heated copper or copper alloy 
billets are formed into shells by heavy hydraulic presses. The hollowed-out billet 
is then extruded through a die and over a mandrel to form the outside and inside 
diameters of the pipe. 


Cold-Drawing Process. The cold-drawing process uses mother pipe which is 
placed on a draw bench which pulls a cold tube through one or a multiplicity of 
dies and over a mandrel to reduce the pipe gradually to its finished dimensions. 


Other Processes. Other processes of significance are the cup-and-draw process for 
large-diameter pipe and the tube-rolling process which reduces copper tubing by 
means of cold-working over a mandrel with oscillating tapered dies. 


Nickel and Nickel-Alloy Pipe and Tube 


Nickel and nickel-alloy pipe and tube, because of their high strength and generally 
good resistance to oxidation and corrosion, are used in the chemical industry and 
in steam-generation equipment for nuclear power-generation plants. Applications 
of nickel are found in tubes and pipe of pure nickel and binary and tertiary alloys 
of nickel, such as Ni-Cu (Monel 400 and Monel K-500), Ni-Mo and Ni-Si (Hastelloy 
B), Ni-Cr-Fe (Inconel 600 and Inconel 800), and Ni-Cr-Mo (Hastelloy C276 and 
Inconel 625) alloys. The alloys are used in applications requiring corrosion resistance 
to water, acids, alkalis, salts, fluorides, chlorides, and hydrogen chloride. The alloy 
must be carefully selected to provide for resistance to the specific corrosion media 
found in the environment. 

Nickel and nickel-alloy pipe and tube are produced by the Ugine-Sejournet 
extrusion process, in which a shell is formed by hydraulic piercing of a billet by a 
ram and subsequent extrusion. Alternately, the billet may be initially pierced by 
means of drilling. 


Titanium and Titanium-Alloy Tube and Pipe 


Titanium and its alloys have provided the engineering designer with an important 
alternative to aluminum. They are lightweight and have high strength at moderately 
elevated temperatures, good toughness, and excellent corrosion resistance. Their 
applications have been found in a wide range of industries, including aerospace, 
heat-exchange equipment, chemical plants, and power-generation facilities. 
There is a wide range of alloying systems to which titanium may be produced. The 
alloying elements possibly include aluminum, molybdenum, nickel, tin, manganese, 
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chromium, and vanadium. UNS numbers are used to identify the many available 
alloys and forms of titanium. 

Titanium and alloys of titanium pipe and tube are produced from a melt of raw 
titanium “sponge” and alloying metals in a vacuum electric arc furnace. An ingot 
is obtained which is reduced to a billet. The billet provides the stock for the extrusion 
process, from which the tube or pipe is formed. The process consists of initially 
piercing the billet, then passing a heated shell through a die and over a mandrel. 


COMMERCIAL PIPE AND TUBE SIZES 


The standard pipe sizes and other pipe properties are given in App. E2 and E2M, 
and the standard tube sizes and other tube properties are given in App. E3 and E3M. 


TUBULAR PRODUCT CLASSIFICATION 


Pipe and tubing are considered to be separate products, although geometrically 
they are quite similar. “Tubular products" infers cylindrical products which are 
hollow, and the classification of “pipe” or “tube” is determined by the end use. 


Piping Classification 


Tubular products called pipe include standard pipe, conduit pipe, piling pipe, trans- 
mission (line) pipe, water-main pipe, oil country tubular goods (pipe), water-well 
pipe, and pressure pipe. Standard pipe, available in ERW or seamless, is produced 
in three weight (wall-thickness) classifications: standard, extra strong, and double 
extra strong (either seamless or welded). ASTM and the American Petroleum 
Institute (API) provide specifications for the many categories of pipe according to 
the end use. Other classifications within the end use categorization refer to the 
method of manufacture of the pipe or tube, such as seamless, cast, and electric 
resistance welded. Pipe and tube designations may also indicate the method of final 
finishing, such as hot finished and cold finished. 


Tubing Classification 


Pressure tubes are differentiated from pressure pipe in that they are used in exter- 
nally fired applications while carrying pressurized fluid inside the tube. 

Structural tubing is used for general structural purposes related to the construc- 
tion industry. ASTM provides specifications for this type of tubing. 

Mechanical tubing is produced to meet particular dimensional, chemical, and 
mechanical property and finish specifications which are a function of the end use, 
such as machinery and automotive parts. This category of tubing is available in 
welded (ERW) and seamless form. 
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SPECIALTY TUBULAR PRODUCTS 


There are many specialty tubular products designed for special applications requir- 
ing unique manufacturing methods for production. Examples are the rifled boiler 
tube, the finned heat-exchanger tube, the duplex tube, and the double-wall tube. 


Helical grooves 
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FIGURE AS.10 Single rifled boiler tube. 


The rifled boiler tube (Fig. A5.10) is used to provide an improved heat transfer 
surface on the inner surface of a boiler tube. The rifling twist, similar to that of a 
rifle, is produced by specially shaped mandrels over which the tube is drawn. 

The finned heat exchanger (Fig. A5.11) tube provides improvement in thermal 
efficiency by providing an extended surface from the base tube surface. The extended 
surface is produced by turning the tube through special sets of dies which raise fins 
from part of the base tube material. These fins can be coarse or fine depending on 
the equipment developed for producing fins. 

Duplex or composite tubes have been developed to provide a different material 
on the inside and outside of the tube to meet the requirements of a different 
environment on either side of the tube. One method of producing a composite tube 
is by providing a bimetal mother tube before the extrusion or drawing process. 
Careful development of this process will yield a composite tube with an excellent 
bond between the two materials. 


Cutaway section 
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FIGURE AS.11 Finned heat-exchanger tube. 
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FIGURE AS5.12. Double-wall leak-detecting tube. 


Double-wall tubes (Fig. A5.12) are used in applications requiring leak detection 
to avoid a catastrophic mixture of the fluids on either side of the tube. An inert 
detecting gas can be placed in the annulus between the two tubes to sense very 
small amounts of leakage from either tube so as to allow careful shutdown of the 
system. This tube is manufactured by inserting one tube inside the other, then 
drawing the combined tube through dies or over mandrels which provide a calibrated 
prestress between the two tubes. This type of tube was developed for application 
to a fast breeder reactor sodium-water steam generator. 


ENGINEERING SELECTION OF PIPE 
MANUFACTURING METHODS 


The selection of the appropriate pipe manufacturing method by the design engi- 
neering specification deserves consideration. For many applications, the codes and 
standards specified in the procurement contract provide for little room to select an 
optimal manufacturing method. The safest procedure is to obtain the price and 
schedule from suppliers before firming the piping specifications. At times the selec- 
tion of the pipe with the best manufacturing process might be tempered by project 
cost or delivery considerations. In such cases, much is required of the engineer to 
consider whether lesser quality will be able to meet the desired reliability standard. 
It therefore is essential that the engineer is aware of the alternates and their 
operating history of success and failure before an appropriate alternative decision 
can be accepted. It must also be recognized that choices based on economic consider- 
ations alone may prove to be the more costly in the face of the downtime costs 
of failure. 


CHAPTER A6 
FABRICATION AND 
INSTALLATION OF PIPING 
SYSTEMS 


Edward F. Gerwin, P.E. 
ASME Fellow 


INTRODUCTION 


Background 


The term fabrication applies to the cutting, bending, forming, and welding of individ- 
ual pipe components to each other and their subsequent heat treatment and nonde- 
structive examination (NDE) to form a unit (piping subassembly) for installation. 

The term installation refers to the physical placement of piping subassemblics, 
valves, and other specialty items in their required final location relative to pumps, 
heat exchangers, turbines, boilers, and other equipment; assembly thereto by weld- 
ing or mechanical methods; final NDE; heat treatment; leak testing; and cleaning 
and flushing of the completed installation. 

Depending on the economics of the particular situation, fabrication may be 
accomplished in a commercial pipe fabrication shop, or a site fabrication shop, 
where portions of the piping system are fabricated into subassemblies or modules 
for transfer to the location of the final installation. 

Commercial pipe shops have specialized equipment for bending and heat treat- 
ment which is not normally available at installation sites. They also have certain 
types of automatic welding equipment which permits welding to be performed more 
efficiently and economically than in field locations where fixed position, manual 
arc welding is most often employed. 

As a general rule piping NPS 215 (DN 65) and larger for nuclear and fossil 
power plants, chemical plants, refineries, industrial plants, resource recovery, and 
cogeneration units are most often shop fabricated. Piping NPS 2 (DN 50) and 
smaller is often shop fabricated where special heat treatment or cleaning practices 
may be required; otherwise it is field fabricated. Pipelines and other systems involv- 
ing long runs of essentially straight pipe sections welded together are usually 
field assembled. 

In recent years, the infusion of new bending technologies, new welding processes, 
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new alloys, fracture toughness limitations, and mandatory quality assurance (QA) 
programs have made piping fabrication and installation much more complex than 
in the past. Greater emphasis is being placed on written procedures for QA and 
quality control (OC) programs, special processes, and qualification and certification 
of procedures and personnel. 

Improper selection of fabrication or installation practices can result in a system 
which will not function properly or will fail before its expected life span. Accordingly, 
fabrication and installation contractors must work closely with the designer and be 
aware of the mandatory requirements of the applicable codes, the unique require- 
ments and limitations of the materials, and those of the fabrication and installation 
techniques being applied. 


Codes and Standards Considerations 


A great many codes and standards apply to piping. These are discussed in detail 
in Chap. A4. 

It is incumbent on the fabricator and/or installer to be familiar with the details 
of these codes and standards since some codes have the force of law. As an example, 
the ASME B31.1 Power Piping Code! is referenced by ASME Section I Power 
Boilers? for piping classed as Boiler External Piping. The latter, which is law in 
most states and Canadian provinces, contains rules for code stamping, data reports, 
and third-party inspection. Piping under ASME Section IIP also has legal standing. 
Most other piping codes are used for contractual agreements. 

Most codes reference ASME Section V‘ for nondestructive examination method- 
ology and ASME Section DX? for welding requirements. 

Each of the codes covers a different piping application, and each has evolved 
in a different way over the years. For specific practices, some have mandatory 
requirements, while others only have recommendations. Heat treatment require- 
ments may vary from one to another. The manner in which the code-writing bodies 
have perceived the hazardous nature of different applications has led to differing 
NDE requirements. 

Generally, the codes are reasonably similar, but the owner, designer, fabricator, 
and installer must meet the specifics of the applicable code to ensure a satisfactory 
installation. It is essential that the designer be very familiar with the code being 
used and that purchasing specifications for material, fabrication, and installation 
be very specific. Reference to the code alone is not sufficient. In the design, a 
particular allowable stress for a specific material, grade, type, product form, and/ 
or heat-treated condition was selected. The specifications issued for material pur- 
chase and fabrication must reflect these specifies to assure that the proper materials 
and fabrication practices are used. 

As an example: Type 304 stainless steel has a specified carbon content of 0.08 
percent maximum. There is no specified minimum. Footnotes in the B31.1 Code 
Allowable Stress Tables for Type 304 indicate that for use over 1000°F (538°C), 
the allowable stresses apply only when the carbon content is 0.04 percent or higher. 
It is essential that this requirement be put in the purchasing specification if the 
design temperature exceeds 1000°F (538°C). 

Similarly, in the B31.1 Code, low chrome alloy electric fusion welded pipe has 
differing allowable stresses depending upon whether the plate from which it was 
made was annealed or normalized and tempered. If this material is to be heated 
above the lower critical temperature during fabrication by hot bending or forming, 
the designer should specify a postbending heat treatment appropriate for the allow- 
able stress level used in the design. 


FABRICATION AND INSTALLATION OF PIPING SYSTEMS A.263 


It is also incumbent upon the fabricator and/or installer to be very familiar with 
the applicable code. Each project should be reviewed in detail. Standard shop 
practices" may not always produce the desired result. Communication between the 
designer, fabricator, and installer is essential. All should be familiar with the various 
standards used in piping design. Most piping systems are composed of items which 
conform to some dimensional standards such as ASME B36.10M* and ASME 
B36.19M for pipe, B16.5! for flanges, etc. Other dimensional standards are issued 
by the Manufacturers Standardization Society (MSS)! and the American Petroleum 
Institute (API).’ 

The Pipe Fabrication Institute (PFT)" publishes a series of Engineering Standards 
which outline suggested practices for various fabrication processes. These standards 
give excellent guidance for many aspects of piping fabrication not covered by 
the codes. 

The American Welding Society (AWS)! publishes a number of recommended 
practices for welding of pipe in various materials. 


Materials Considerations 


Piping systems are fabricated from a great variety of metals and nonmetals, material 
selection being a function of the environment and service conditions. Materials 
must conform to the standards and specifications outlined in the governing code. 
Some codes such as ASME Section III impose additional requirements on materials 
beyond those in the material specifications. All fabrication and installation practices 
applied to these materials must be conducted so as to assure that the final installation 
exhibits all of the properties implicit in the design. For example, hot bending of 
certain austenitic stainless steels in the sensitization range will reduce their corrosion 
resistance if they are not subsequently heat-treated. Accordingly, a heat treatment 
to restore these properties should be specified. 

Consideration must also be given to the various types of piping products, their 
tolerances, alloys, heat-treated conditions, weldability, and formability. Pipe is made 
by a variety of processes and depending on the method of manufacture can have 
differing tolerances. 

Most product forms also come in a variety of alloys, and the choice of a fabrication 
process may be governed by the alloy. ASME Section IX has developed a system 
of P Numbers and Group Numbers. This system groups material specifications by 
chemical composition and/or physical properties. Those with like compositions and 
properties are grouped together to minimize the number of welding procedure 
qualifications required. This method of grouping can also be applied to other fabrica- 
tion processes as well. 


FABRICATION 


Drawings 


Installation Drawings. Current industry practice is for the designer to prepare 
plans and sections or isometric drawings of the required piping system. These, 
together with line specifications, outline all the requirements needed for the fabrica- 
tion and installation. Usually the weld bevel requirements for field welds are speci- 
fied to assure compatibility between all the system components to be field welded. 
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Frequently the shop welding bevels are left to the discretion of the fabricator, 
provided, of course, the required weld quality is attainable. 

Location and numbers of field welds are an economic consideration of available 
pipe lengths, shipping or heat-treating limitations, and field installation limitations. 


Shop Details. A piping system prefabricated at a commercial pipe fabrication 
shop is usually divided into subassemblies or spools. 

The manner in which a system is divided depends on many factors: available 
lengths of straight pipe, dimensional and weight limitations for shipping and heat 
treatment, field welding clearance requirements, and sometimes scheduling needs. 

Bending, forging, special heat treatment, cleaning, and as much welding as 
possible are normally performed in the shop. Every attempt is made to minimize 
the number of field welds, but this must be balanced economically against the added 
costs of transportation and greater field rigging problems because of larger, heavier, 
more complex assemblies. Where the site conditions are adverse to normal field 
erection practices, much of the plant can be fabricated in modules for minimal 
onsite installation work. Once the number and locations of field welds have been 
decided, the fabricator will prepare detailed drawings of each subassembly. 

Each subassembly drawing will show the required configuration; all necessary 
dimensions required for fabrication; reference to auxiliary drawings or sketches; 
size, wall thickness, length, alloy, and identification of the materials required; code 
and classification; reference to special forming, welding, heat treatment, NDE, and 
cleaning requirements; need for third-party inspection; weight and piece identifica- 
tion number. See Fig. A6.1. 


Tolerances. In order to assure installation of a system within a reasonable degree 
of accuracy, all the components involved must be fabricated to some set of tolerances 
on those dimensions which affect the system length. Tolerances on valve dimensions 
are given in B16.34,” those of welding fittings in B16.9, and those for flanges and 
flanged fittings in B16.5, B16.1," etc. The assembly of these components will result 
in “tolerance stack-up,” which could have a significant impact on the overall dimen- 
sions, particularly in a closely coupled system. 

Piping subassembly tolerances normally conform to PFI-ES-3 ‘‘Fabricating Tol- 
erances."? Usually the terminal dimensions are held to +% in, but can be held 
more closely upon agreement with the fabricator. 

In order to assure that tolerance stack-up is held to a minimum, the manner in 
which shop details are dimensioned should be carefully studied. As an example, 
assemblies with multiple nozzles can result in large deviations if these are dimen- 
sioned center to center. A better way is to select a base point and dimension all 
nozzles from this location. This assures that all nozzles are +¥% in (3.0 mm) from 
the base point. See Fig. A6. 

For angle bends, terminal dimensions and often a chord dimension are required, 
since a small variation in angle with long ends can result in serious misalignment. 
See Fig. A6.3. 

Sometimes assemblies which have been fabricated within tolerance may not fit 
in the field because of tolerance stack-ups on equipment to which they are attached. 
This will be addressed in the section, “Installation.” 


Procedures and Travelers. The need to assure better control of fabrication pro- 
cesses has led the use of written procedures for most operations. Fabricators will 
have a library of written procedures controlling cutting, welding, bending, heat 
treatment, nondestructive examination, and testing. Welding procedures in most 


FABRICATION AND INSTALLATION OF PIPING SYSTEMS A.265 


nnw 733 = 


1 

D CER LC ET mit. RS- OA 8739 | -40 
EREE a | es oe ro 
entice ZSa« NOM. Lb. x 1016". [Eubie] ^" IGIETZZ, REVS : 
we oep Pipe tet 310" aa [uress ee eee 
oe eT [rene LL? CNN 7T T 
[2] 25449 NOM. LD. x LoT - mava "oto SZ | cone lest wr 
| | iwELP-D PIPE EE 2-9 E EMI ZN BERG haros 

[use 2-95 tuse | CZN ecean ia 


e[ztcks NOM. 0.0. X LOTC EA a be ines 7 Neti a ees 


EI (aR RET] EXC. AD 
Li. X l NOTED 
PLAIN END NOTES: 
FIELD To BEVEL l QUALITY ASSURANCE REQUIRES 
END PER sK" Z. mS» OUST. 
3. HARTFORD INSPECTION REGO 
END "A" TOP PER ILL 85. 


4, DESIGN CONDITIONS 
1260 51515 * 
s, FERRITE CONTROL 
59, MIN-REQ'D, 


: G. ASME SECTION M-CLASS 4 
NPT STAMP REQ'O 
BEREUCPCHUHANTIESI 
TOP -8. STRAIGHT BEAM METHOD 
ULTRASONIC TEST REQUIRED 
€ ND 'A" GON EITHER SDE oF WeLos È 
io" FROM EW. END'A" E 
G FROM FW. END '"& PER debi 
|tocamon| 9. ALL SUTT WELDS TO BE GTA WED 
x | A | WITH GAS BACK-UP 
Rd | & | iO. wor fo SHOP: 
T 


ICNS OF PIPE LENCTHS DO ROT INCLUDE 
ACE CF fHIPGTA SELDS. SHOP TO aLL? O 


[o | 1 EXCESS LENGTH Vou dI. 


————— ae 
LL. Doum PrutTRANT TEST ALL ACCESSIBLE SURFACES OF ® 
WELDS AND THE ADJACENT BASE waren. ^EF £$-404 
mate pata 


MAX. 0.0. NOT TO 


EXCEED 298.275" FoR 12° UU ATI Capena ani 


and MACH T0 IUD, os, pune” 
Er 16 2 anon 


END `B" 12. RADIOGRAPH ALL BUTTWELOS 
PER ES-4i¢ om 415 
PLAIN END 


FIELD To BEVEL 
END PER Sw’ 


pee ae m ie rA, a t t gj TEEMU CELLOS 
len 3 LL 


vest? sitis 


ESS 
FAZZ JRUT A. 


FIGURE A6.1 Shop detail. (Pullman Power Products Corporation) 
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FIGURE A6.2 Dimensioning. 


codes are qualified under ASME Section IX, which requires written Welding Proce- 
dure Specifications (WPSs) backed up by Procedure Qualification Records (PORs). 
Similarly ASME Section V requires NDE to be performed to written procedures. 

Frequently, piping fabricators use a system of travelers to control flow through 
the shop. This practice is well-suited to fabrication of piping subassemblies under 
QA or QC programs, where record keeping is required. It also affords the purchaser 
and the third-party inspector opportunities for establishing “hold points" where 
they may wish to witness certain operations or review certain records. 


Fabrication Practices 


Cutting and Beveling. The methods of cutting plate or pipe to length can be 
classed as mechanical or thermal. 

Mechanical methods involve the use of saws, abrasive discs, lathes, and pipe- 
cutting machines or tools. See Fig. A6.4. 

Thermal methods are oxyfuel gas cutting or electric arc cutting. Oxyfuel gas 
cutting is a process wherein severing of the metal is effected by the chemical reaction 
of the base metal with oxygen at an elevated temperature. In the cutting torch, a 
fuel such as acetylene, propane, or natural gas is used to preheat the base metal 
to cutting temperature. A high-velocity stream of oxygen is then directed at the 
heated area resulting in an exothermic reaction and severing of the material. Oxyfuel 
gas cutting is widely used for cutting carbon steels and low alloys. It does, however, 
lose its effectiveness with increasing alloy content. 

For higher alloy materials, some form of arc cutting is required. Plasma arc 
cutting is the process most frequently employed. It involves an extremely high 
temperature (30,000 to 50,000°K), a constricted arc, and a high-velocity gas. The 
torch generates an arc which is forced to pass through a small-diameter orifice and 
concentrate its energy on a small area to melt the metal. At the same time a gas 
such as argon, hydrogen, or a nitrogen-hydrogen mixture is also introduced at the 
orifice where it expands and is accelerated through the orifice. The melted metal 
is removed by the jetlike action of the gas stream. 
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FIGURE A6.3 Dimensioning a bend. (Pullman Power Products Corporation) 
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FIGURE A6.4 Pipe-cutting machine. (Pullman Power Products Corporation) 


Because oxyfuel gas and arc cutting involve the application of heat, preheating 
may be advisable in some cases. 

A very detailed description of oxyfuel gas and arc cutting is presented in The 
Welding Handbook." 

Weld end bevels can also be prepared by the mechanical or thermal methods 
just described. Both mechanical and thermal methods are used to apply the V bevel, 
which is used in the vast majority of piping applications. For compound and U 
bevels or those which may involve a counterboring requirement, horizontal boring 
mills are most appropriate. Various factors to be considered in selecting a weld 
end bevel are discussed in the section, “Welding Joint Design." 


Forming. The term forming as it relates to piping fabrication encompasses bend- 
ing, extruding, swaging, lapping, and expanding. All of these operations entail the 
use of equipment normally only available in pipe fabrication shops. Although the 
availability of welding fittings in the form of elbows, tees, reducers, and lapped- 
joint stub ends may reduce the need for certain of these operations, economics 
may dictate their use, especially where special pipe sizes are involved. 


Bending 

Economics. The use of bends versus welding fittings for changes in direction 
should be carefully evaluated from an economic viewpoint. Bends whose radii range 
from 3 to 5 times the nominal pipe diameter will offer the least pressure drop while 
still affording adequate flexibility to the system. Since each bend eliminates a welding 
fitting and at least one weld with its attendant examination, bending is very often 
the economic choice. In the case of special pipe sizes which are frequently used 
for main steam, reheat, and feedwater lines in large central power generating units, 
bending may be the only option available. 
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Limitations. The metal being bent should preferably exhibit good ductility and 
a low rate of strain hardening. Most metals used in piping systems fulfill these 
requirements. A successful bend is also a function of its diameter, thickness, and 
bending radius. As the diameter-to-thickness ratio increases and the bending radius 
decreases, there is greater probability of flattening and buckling. Each bending 
process has differing capabilities, so the selection of a bending process rests on the 
availability of equipment and/or practices capable of handling the material, diame- 
ter, thickness, and bending radius involved. 

Accept and Reject Criteria. The codes have certain requirements for the accept- 
ability of finished bends: 


1. Thinning: In every bending operation the outer portion of the bend (extrados) 
stretches and the inner portion (intrados) compresses. This results in a thinning of 
the extrados and a thickening of the intrados. Because of uncertainties introduced 
by the pipe-manufacturing method, by the pipe tolerances, and by those introduced 
by the pipe-bending operation itself, it is not possible to exactly predetermine the 
degree of thinning. However, it can be approximated by multiplying the thickness 
before bending by the ratio: 


R 
R+r 


(A6.1) 


where r = the radius of the pipe (7? the outside diameter) 
R — the radius of the bend 


The codes require that the wall thick- 
ness at the extrados after bending be at 
least equal to the minimum wall thick- y: 
ness required for straight pipe. Accord- 
ingly, the fabricator must assure that the 
wall thickness ordered has sufficient NC 
margin for this effect. 

Although the codes do not comment 
on the resulting increased thickness of 
the intrados, this thickness does serve to 
offset a portion of the increased stresses + 
caused by internal pressure which are LE 4 
found at this location. (See Theory and 
Design of Modern Pressure Vessels.) 


E Doom 


teria is ovality. During the bending oper- 
ation, the cross section of the bend arc | 
frequently assumes an oval shape whose () Dmax 
major axis is perpendicular to the plane 
of the bend. See Fig. A6.5. The degree 
of ovality is determined by the difference 
between the major and minor axes di- TR Dmax — P min 
vided by the nominal diameter of the Sall “= 
pipe. FIGURE A6.5 Bend ovality. 

Where the bend is subject to internal 
pressure, the pressure tries to reround the cross section by creating secondary 
stresses in the hoop direction. Some codes consider an ovality of 8 percent acceptable 
in this case. Where the bend is subject to external pressure, the pressure tries to 


2. Ovality: A second acceptance cri- a 


X 100 


Doom 
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collapse the cross section. The ASME B31.3 Code? recommends a 3 percent maxi- 
mum ovality when the bend is subject to external pressure. 


3. Buckling: Bending of pipe with large diameter-to-thickness ratios often results 
in buckling rather than thickening of the intrados, even where internal mandrels 
or other devices are employed to minimize it. The codes do not address this subject. 
It is, however, often the subject of “good workmanship" debates. The PFI gives a 
criterion which has been generally accepted. This appears in PFI ES-24.? An accept- 
able buckle is one where the ratio of the distance between two crests divided by 
the depth of the average crest to valley is equal to or greater than 12. See Fig. A6.6 


LE 
l // 


Depth of average crest to valley is the sum 
of the outside diameters of the two adjoining 
crests divided by two, minus the outside 
diameter of the valley. 


OD OD 
MUSEI 


Ratio of the distance between crests to depth 
must be equal to or greater than 12. 


Ai iis 
Depth ^ 1 


FIGURE A6.6 Suggested pipe buckling tolerance. (Pipe Fabrication 
Institute PFI ES-24) 


Bending Methods. | Pipe is bent by a variety of methods, using bending tables 
or bending machines, with and without the application of heat. The selection of 
one method over another is a function of economics, materials properties, pipe 
size, bending radius, and equipment availability. The arc length of the bend may 
be heated in order to reduce the yield strength of the material. Higher bending 
temperatures result in lowering the yield strength and reduction of the bending 
energy required. 

Cold bending normally infers bending at ambient temperature, while hot bending 
infers the application of heat. However, definitions given in B31.1 and ASME 
Section III create an exception to this for ferritic materials. These codes define cold 
bending of ferritic steels as any operation where the bending is performed at a 
temperature 100°F (55°C) below the lower critical or lower. Ferritic materials un- 
dergo a phase change on heating and cooling. On heating, this change starts at a 
temperature called the lower critical. (See Heat Treatment— Ferritic Steels). 
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Ferrous Pipe and Tubes 


1. Cold bending: Where sufficient quantities of repetitive bends are required, 
ferrous pipes and tubes up to NPS 10 or 12 (DN 250 or 300) with wall thickness 
of !^ in (12.7 mm) or less are most often bent at ambient temperature using some 
type of bending machine. 

There are a great variety of cold bending machines available, with degrees of 
sophistication varying from simple manually operated single-plane bending devices 
to numerically controlled hydraulically operated machines capable of multiplane 
bends. 

In ram-type bending, two pressure dies which are free to rotate are mounted in 
a fixed position on the machine frame. The pipe to be bent is positioned against 
these dies. A ram then presses a forming die against the pipe and the pressure dies 
wipe the pipe around the forming die. See Fig. A6.7. Ram bending is usually applied 
to heavier wall thicknesses. 


Bending TCI Hydraulic piston 


Pipe bend 


Fixed pins 


Rotating pressure dies 


FIGURE A6.7 Ram bender. 


In compression bending the pipe is clamped to a stationary bending die and 
wiped around it by a follower. As in all bends, the extrados thins and the intrados 
thickens or compresses. The degree of compression is greater than the thinning in 
this method. Compression bending is usually limited to heavier walls and larger 
bending radii. See Fig. A6.8 to compare compression and draw bending. 

In rotary draw bending the pipe is clamped to a rotating bending form and 
drawn past a pressure die which is usually fixed. See Fig. A6.9. The degree of 
thinning of the extrados is greater than the compression of the intrados. This 
method permits bending of thinner wall pipe and tubes at smaller bending radii. 
To accommodate lighter walls and tighter radii it is often advisable to provide 
internal support to minimize flattening or buckling. Usually this takes the form of 
an internal mandrel. As the diameter-to-thickness ratio increases and the bending 
radius decreases, mandrels using follower balls are employed. See Fig. A6.10. 

Roll bending is often used for coiling. One of its great advantages is that the 
bending radius is not dependent on a fixed radius die, and consequently there is 
great flexibility in choosing a bending radius. In roll bending three power-driven 
rolls, usually in pyramid form, are used. The pipe to be bent is placed between the 
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FIGURE A6.8 Comparison of the essential elements of draw 
bending and compression bending. (Metals Handbook) 


two lower rolls and the upper roll. Bending is accomplished by adjusting the rolls 
relative to each other as necessary to attain the required diameter. See Fig. A6.11. 
Pipe can also be cold bent on a bending table in the manner described for hot 
bending below, except that for ferritic materials the bending temperature is kept 
at least 100°F (56°C) below the lower critical. 
A postbending heat treatment for cold bends may be advisable for some alloys, 
degree of deformation, certain service conditions, or when mandated by code. 


2. Hot bending: In those cases where suitable cold bending equipment is unavail- 


FIGURE A6.9 Tooling for a draw bend application. (Teledyne Pines) 
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FIGURE A6.10 Cold bending ranges. (Pipe Fabrication Institute PFI ES-24) 


able, hot bending may be employed. For 
hot bending of ferrous materials the pipe 
to be bent is usually heated to tempera- 
tures in the range of 1750 to 2050°F (954 
to 1121?C). For austenitic materials 
these temperatures may introduce sensi- 
tization, and for ferritic materials they 
wil exceed the critical temperature 
where metallurgical phase changes oc- i ua" 

cur. See the section *Heat Treatment” FIGURE A6.11 Operating essentials in one 
f di ; f th biect method of  three-roll bending. (Metals 
or a discussion of these subjects. Handbook?) 

The traditional method of hot bend- 
ing is performed on a bending table. De- 
pending on the diameter-to-thickness ratio, the pipe to be bent may be packed with 
sand to provide more rigidity and thus reduce the tendency for buckling. A rule 
of thumb is to sand fill if the diameter-to-thickness ratio is 10 to 1 or greater for 
5-diameter bends. However, when the diameter-to-thickness ratio approaches 30 
to 1, sand begins to lose its effectiveness, and buckles will appear. As the diameter 
of the pipe increases, the probability of buckling will increase since the sand fill 
will not expand in proportion to the pipe, leaving a void between the pipe and 
packing. It becomes pronounced around NPS 24 (DN 600). 

After the pipe has been packed with sand, it is placed in a specially designed 
bending furnace. The furnace is usually gas fired through ports along its length, 
placed to direct the flames around the pipe and avoid direct flame impingement. 
The furnace is controlled by thermocouples or pyrometers to assure that the required 
bending temperature is attained but not exceeded. Depending on the length of arc 
to be bent, it may be necessary to make the bend in more than one heat. 

After the segment to be bent has attained the required temperature throughout 
its thickness, the pipe is placed on the bending table. One end is restrained by 
holding pins and the other is pulled around by block and tackle powered by a 
winch. As bending progresses, the arcis checked against a bending template. Reposi- 
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FIGURE A6.12 Hot bending on a table. (Pullman Power Products Corporation) 


tioning of the holding pins may be necessary. See Fig. A6.12. For ferritic steels, it 
is recommended that the bending be completed above the upper critical temperature 
of the metal, usually about 1600 to 1725°F (870 to 940°C). 

There are certain limits as to the combination of diameters, thicknesses, and 
bending radii which can be accommodated by the hot table bend method. PFI 
Standard ES-24 contains a chart of suggested limits for bend radius versus diameter 
to wall thickness ratios. See Fig. A6.13. 

To fulfill the need for a bending process beyond the capabilities of hot table 
bending, the M. W. Kellogg Co. developed the increment bending process, which 
was further refined by Pullman Power Products Corp. In this process, one end of 
the pipe is fixed in an anchor box while a clamp connected to a hydraulic piston 
is attached to the other. A gas torch ring burner assembly is positioned at one end 
of the arc to be bent. The burner assembly is sized to heat a length of arc (increment) 
about 1 to 2 times the pipe wall thickness. The increment length is selected to be 
less than the buckling wave length of the pipe. The increment is then heated to 
bending temperature. Optical pyrometers are used to control the heating to assure 
that proper temperature is attained but not exceeded. At bending temperature the 
hydraulic piston pulls the clamped end a fixed amount to bend the heated increment. 
The increment is then water cooled, the torch ring moved to the next increment, 
and the process is repeated. As many as 350 increments may be required for a 
typical NPS 24 X %-in (DN 600 X 9.5 mm), 90°, 5-diameter bend. 

The process can produce bends in sizes from NPS 8 to 48 (DN 200 to 1200) 
with bending radii of 3 pipe diameters and larger in ferrous and nickel-alloy materi- 
als. Because the heat is applied from one side only, thicknesses are limited to 2 in 
(50 mm) and less. 

In more recent years a more sophisticated piece of bending equipment has 
entered the pipe-bending field, notably the Induction Bender. In this process the 
increment to be bent is heated by an induction coil, and the bending operation is 
continuous. The pipe to be bent is inserted in the machine, and the start of the arc 
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FIGURE A6.13 Limits for hot bending on a table. (Pipe Fabrication Institute PFI 
ES-24) 


is positioned under the induction coil. The portion of the pipe upstream of the coil 
is clamped to a rotating arm fixed to the required bend radius. The downstream 
portion of the pipe is pushed hydraulically through the coil, where it attains bending 
temperature. Since it is clamped to the rotating arm, a bending moment is imposed 
on the pipe and it bends as it moves through the coil. As soon as it has been bent, 
the heated section is cooled to restore its prior rigidity. The permissible rate of 
cooling is a function of material composition. Low-carbon steels and some low Cr 
molys may be water quenched. It is recommended that the 9Cr-1Mo-V material 
be cooled in still air. 

The Induction Bender is manufactured in several sizes depending on the 
expected combinations of pipe size and bending radius. These range from NPS 
3% to 64 (DN 80 to 1600) and from 8 to 400 in (DN 200 to 10,000 mm) in 
radius. Since induction is used as the heating method, wall thicknesses as heavy 
as 4 in (100 mm) can be bent. (See Fig. A6.14a and 6.14b.) 


3. Nonferrous pipe and tubes: Although most of the equipment used to bend 
ferrous materials is also used for bending nonferrous materials, the details of bending 
do differ from those for ferrous materials and also vary between the several nonfer- 
rous materials themselves. Accordingly, it is wise to obtain specific procedural 
information from the materials’ producers or from other reliable sources such as 
the latest edition of The Metals Handbook.” Certain nonferrous materials can be 
hot bent. 

Aluminum and aluminum alloys can be bent cold using the same types of bending 
equipment used for ferrous materials. Alloys in the annealed condition are easiest 
to bend, but care is required in selecting tooling because of the low tensile strength 
and high ductility of these materials. Alloys with higher tempers and heat-treatable 
alloys require larger bending radii for satisfactory results. It is seldom necessary to 
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FIGURE A6.14a Induction bending. (BendTec, Inc.) 
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FIGURE A6.14b Induction bender. 
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TABLE A6.1 Temperature Range for Hot Bending of Copper and Copper Alloy Pipe 
and Tube 


Material Spec no. Alloy Temperature range (°F) 
Copper deoxidized SB-42, SB-75 C10200 1400-1600 
Red brass SB-43, SB-135 C23000 1450-1650 
Copper silicon A SB-315 C65500 1300-1600 
70-30 CuNi SB-466, SB-467 C71500 1700—2000 
80-20 CuNi SB-466 C71000 1600-1900 
90-10 CuNi SB-466, SB-467 C70600 1400-1800 


Source: Adapted from ASME Boiler & Pressure Vessel Code 1995 ed., Section VII Div. 1 Table 
NF-4. 


heat aluminum for bending: however, non-heat-treated materials can be heated to 
375°F (190°C) with minimal loss of properties, Heat-treated alloys require specific 
time-temperature control. More detailed information is available from the manufac- 
turers of aluminum products. 

Copper and copper alloy pipe and tube can be readily bent to relatively small 
radii. Although copper can be bent hot, the vast majority is done cold. For draw 
bending an internal mandrel is required and for other methods internal support is 
recommended. For very tight radii a snug-fitting forming block and shoe which 
practically surround the pipe at the point of bending are needed to preclude buckling. 

Hot bending of copper and copper alloys particularly in larger diameters and 
walls is common. Pipes are usually sand-filled, and contoured bending dies are 
recommended. See Table A6.1. More information can be obtained from the Copper 
Development Association.” 

Nickel and nickel-alloy pipe can be cold bent with the same type of bending 
equipment used for ferrous materials. Use of material in the annealed condition is 
preferred. For bends with radii 6 diameters and less, filler material or internal 
mandrels are required. Draw bending with internal mandrels is the preferred method 
for close-radius bending. Galling can become a problem, and chromium-plated or 
hard bronze-alloy mandrels should be used. 

Nickel and nickel alloys can be hot bent using the same practices as for ferrous 
steels. Sand filling is appropriate. Care should be taken to assure that the sand and 
heating fuel are low in sulfur and that any marking paints or crayons or lubricants 
have been removed. These materials can be bent over a wide temperature range. 
See Table A6.2. The best bending is usually between 1850 and 2100°F (1010 to 
1149°C). Other nickel alloys may exhibit carbide precipitation and should not be 
worked in the sensitization range. Postbending heat treatment may be required. For 
more information contact nickel product manufacturers such as Huntington Alloys.” 

Titanium can be bent using draw bending equipment. However, those parts of 
the equipment which will wipe against the inner and outer surfaces of the pipe 
should be of aluminum bronze to minimize galling. For better formability, the pipe, 
the pressure die, and the mandrel should be heated to a temperature between 350 
and 400°F (177 and 204°C). Unalloyed titanium can be hot worked in the tempera- 
ture range of 1000 to 1400°F (538 to 760°C). Titanium alloy grade 12 requires a 
temperature range of 1400 to 1450°F (760 to 788°C). Heat treatment of titanium 
is recommended after forming. This is usually a furnace treatment at 1000 to 1100°F 
(538 to 593°C) for a minimum of 74 h for the unalloyed grades and 1 h for the alloy 
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TABLE A6.2 Temperature Range for Hot Bending of Nickel and Nickel Alloy Pipe 
and Tube 


Temperature range 


Material Spec. no. Alloy (°F) 
Nickel SB-161 N02200 1200-2300 
Low carbon nickel SB-161 N02201 1200-2300 
Nickel-copper SB-165 N04400 1700-2150 
Ni-Cr-Fe SB-167, SB-517 N06600, N06690 1850-2300 
Ni-Fe-Cr SB-407, SB-514 N08800, N08810 1850-2200 


Source: Adapted from ASME Boiler & Pressure Vessel Code, 1995 ed., Section VIII Div. 1 Table 
NF-4. 


(grade 12). Prolonged exposure to temperatures in excess of 1100°F (593°C) will 
result in heavy scaling and require some type of descaling treatment. 

Other Forming Operations. Some additional forming operations which can be 
performed in a pipe shop are extrusion, swaging, and lapping. Extrusions involve 
forming outlets in pipe by pulling or pushing a hemispherical or conical die from 
the inside of the pipe through an opening in the wall. The work may be done hot 
or cold depending on the characteristics of the material. Ferritic steels, austenitic 
steels, and nickel alloys are usually formed hot; aluminum and copper are usually 
formed cold. In order to assure that the outlet will have sufficient reinforcement, 
it is necessary to increase the wall thickness of the header as a function of the 
outlet size desired. An increase of 30 percent may be needed for large outlet-to- 
header ratios. 

Swaging involves the size reduction of pipe ends by forging, pressing, or rolling 
operations. The operation is usually used to produce reductions of one to two pipe 
sizes. Ferritic steels, austenitic steels, and nickel alloys are usually formed hot. 
Aluminum and copper are formed cold. 

In lapped joints, a loose flange is slipped over the end of the pipe which is then 
heated to forging temperature, upset, and flared at right angles to the pipe axis. 
After heat treatment and cooling, the lapped section is machined on the face to 
attain a good gasket surface and on the back for good contact with the flange. The 
finished thickness of the lapped flange should be equal to or exceed the thickness 
of the pipe. 


Layout, Assembly, and Preparation for Welding. In fabrication shops, piping 
subassemblies are often assembled on layout tables. A projection of the subassembly 
is laid out on the table in chalk. This establishes the baseline for locating the 
components and terminal dimensions of the subassembly, and the components are 
assembled relative to the layout. Prior to fit-up, it is essential that all weld surfaces 
be properly cleaned of rust, scale, grease, paint, and other foreign substances which 
might contaminate the weld. If moisture is present, the weld joint should be pre- 
heated. For alloy steels the heat-affected zone (HAZ) which results from thermal 
cutting should be removed by grinding or machining. 

Depending on the configuration of the subassembly and root opening required 
by the welding procedure, some allowance may be required for weld shrinkage in 
the longitudinal direction. Actual shrinkage is difficult to predict and can vary 
considerably because of the many variables involved. For most open butt and 
backing ring joints, one-half the root opening is a reasonable allowance. For joints 
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with other root configurations it may be as little as 4e in (2.0 mm) for the lighter 
walls, increasing to as much as 9&2 in (8 mm) for walls 4 to 5 in (100 to 127 mm) thick. 

Each weld joint should be carefully aligned within required tolerances using 
alignment fixtures, spacers, or jigs if necessary. Poor alignment may result in a poor 
weld. Once alignment is attained, the joint is usually tack-welded to maintain the 
alignment. The process used for tacking is usually that being used for the root-pass 
weld. Numbers and size of tacks should be kept to a minimum, but if the subassembly 
is to be moved elsewhere for weld out, their size must be sufficiently large so as 
not to crack during the moving operation. Temporary lugs or spacer bars may also 
be used for this purpose provided they are of a compatible material, the temporary 
welds are removed, and the surface examined after removal to assure sound metal. 
Tack welds made by the shielded metal are welding (SMAW) or gas metal arc 
welding (GMAW) processes at the root of a weld should be removed or ground 
smooth since they can become a source of lack of fusion. For gas tungsten arc 
(GTAW) root welds, tacks usually fuse the adjacent lands to each other or to the 
insert, and filler metal is often not used. Tack welds are then fused into the weld 
during the root pass without further preparation. After tacking, the recommended 
practice is to complete the root pass and one or more weld out passes before starting 
to complete the weld by other processes to avoid burning through the relatively 
thin root. 


Welding. Welding constitutes the bulk of the work involved in fabrication of 
modern piping systems, so it is essential for all involved to have a good working 
knowledge of this subject. 

Procedure and Personnel Qualifications. All of the ASME Boiler and Pressure 
Codes and most of the ASME B31 Pressure Piping Codes reference ASME Section 
IX for the requirements for qualifying welding procedures and welding personnel. 
The ASME B31.4,” B31.8," and B31.11? Codes also permit qualification to API- 
1104,” published by the American Petroleum Institute. ASME B31.5? permits 
qualification to AWS D10.9.% 

The purpose of procedure qualification is to assure that the particular combina- 
tion of welding process, base metal, filler material, shielding fluxes or gases, electrical 
characteristics, and subsequent heat treatment is capable of producing a joint with 
the required chemical and physical characteristics. 

The purpose of personnel qualification is to assure that the welder or welding 
machine operator is capable of performing the operation in accordance with a 
qualified procedure in the required position. 

Procedure Qualification. ASME Section IX requires the preparation of a Weld- 
ing Procedure Specification (WPS), which lists the various parameters to be used 
during welding. When each WPS is qualified, the parameters used in the qualification 
are recorded in a Procedure Qualification Record (POR). 

For each type of welding process, ASME Section IX has established a series 
of variables. These are base metal, filler metal, position, preheat, postweld heat 
treatment, shielding gases, joint configuration, electrical characteristics, and tech- 
nique. Base metal must not only be considered from a chemical and physical 
properties point of view, but in piping, the diameter and thickness of the test coupon 
limits the qualification to certain sizes. Differing fluxes, use of solid or gaseous 
backing, and single- or multipass techniques are some of the other variables which 
must be considered. Careful study of Section IX, AWS D10.9, or of API 1104 as 
may be applicable is in order. 

The variables for welding are classed as essential, supplementary essential, and 
nonessential. The manner in which the variables are classed can vary depending 
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on the welding process. That is, what may be classed as an essential variable for 
one may be a nonessential variable for one another. For a given process, each 
combination of essential variables must be qualified separately. A change in any 
one of them requires a new qualification. 

When welds must meet certain fracture toughness requirements, the supplemen- 
tary essential variables become essential and the procedure must be requalified for 
the particular combination of essential and supplementary essential variables. 

Nonessential variables do not require requalification but should be referenced 
in the WPS. 

Personnel Qualification. The fabricator and/or installer must qualify each 
welder or welding operator for the welding processes to be used during production 
welding. The performance qualification must be in accordance with a qualified 
WPS. Each performance qualification is also governed by a series of essential 
variables which are a function of the welding process for which the welder is 
being qualified. 

The welder or welding operator may be qualified by mechanical tests or in 
some cases by radiographic examination of the test coupon. The record of each 
performance qualification is kept on a Welder/Welding Operator Performance 
Qualification (WPQ). Under ASME Section IX rules, a qualified welder who has 
not welded in a specific process within a specified period of time must be requalified 
for that process. API 1104 and AWS D10.9 have similar requalification provisions. 

Welding Processes. Currently the most commonly used welding processes for 
fabrication of piping are SMAW, submerged arc welding (SAW), GTAW, GMAW, 
and flux core arc welding (FCAW). Some special applications may involve plasma 
arc welding (PAW) or electron beam welding (EBW), but their application to 
piping is still rare. However, any welding process which can be qualified under the 
requirements of ASME Section IX is acceptable. Detailed descriptions of these 
various processes and their variations may be found in the Welding Handbook."* 
This section will limit discussion to their application to piping. 

For shop work, the best efficiency in all welding processes is attained when the 
pipe axis is horizontal and the piece is rotated so that welding is always done in 
the flat position. This is referred to as the 1G position. Other positions are 2G 
(pipe vertical and fixed, weld horizontal); 5G (pipe horizontal and fixed, weld a 
combination of flat, vertical, and overhead); and 6G (pipe inclined at 45? and fixed). 
See ASME Section IX. 

Shielded Metal Arc Welding. SMAW has been the mainstay for pipe welding 
for many years, but it is rapidly being displaced by newer, more efficient processes. 
It is a process where an arc is manually struck between the work and a flux-coated 
electrode which is consumed in the weld. The core wire serves as the filler material, 
and the flux coating disintegrates to provide shielding gases for the molten metal, 
scavengers, and deoxidizers for the weld puddle and a slag blanket to protect the 
molten metal until it is sufficiently cool to prevent oxidation. It can be used in all 
positions, for upward or downward progression, and for root pass welding depending 
on the flux composition. Each weld pass is about ¥ in thick, and before subsequent 
passes are made the slag must be removed and the surface prepared by removing 
irregularities which could entrap slag during subsequent passes. 

Submerged Arc Welding. Unlike SMAW, SAW is an automatic or semiauto- 
matic process. For circumferential welds in pipe the welding head is fixed for flat 
welding and the work is rotated under the head (1G position). It is used most 
efficiently in groove butt welds in heavy wall materials with pipe sizes NPS 6 (DN 
150) and larger. The arc is created between the work and a bare solid wire or 
composite electrode which is consumed during the operation. The electrode comes 
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in coils. Shielding is accomplished by a blanket of granular, fusible material called 
a flux which covers the arc and molten metal by forming a slag blanket to prevent 
oxidation of the molten metal until it has sufficiently cooled. Particular wire-flux 
combinations are required to assure that the deposited weld has the needed chemical 
and physical properties. This process has the greatest deposition rate and accordingly 
is the preferred process wherever possible. Because of the high heat input, care 
must be taken to assure that the interpass temperature is controlled to minimize 
sensitization in austenitic stainless steels or loss of notch toughness in ferritic steels. 
High heat input can also result in excessive penetration, so this process cannot be 
used effectively for root pass welding unless the root is deposited against a backing 
ring or sufficient backing is provided by two or more weld passes made by the 
shielded metal arc or a gas-shielded arc process. 

Gas Shielded Arc Welding. The term gas-shielded arc welding applies to those 
welding processes where the arc and molten metal are shielded from oxidation by 
some type of inert gas rather than by a flux. 


1. Gas tungsten arc welding: GT AW is a form of gas-shielded arc welding where 
the arc is generated between the work and a tungsten electrode which is not 
consumed. The filler metal must be added from an external source, usually as bare 
filler rod or preplaced consumable insert. The filler metal is melted by the heat of 
the arc, and shielding gases are usually argon or helium. Alloying elements are 
always in the filler material. GTAW is considered to be the most desirable process 
for making root welds of highest quality. Techniques using added filler metal or 
preplaced filler metal as inserts are equally effective in manual and automatic 
applications. 

Automatic versions can be used in all positions provided sufficient clearance is 
available for the equipment. Automatic versions also require tighter fit-up require- 
ments since the equipment is set to specific parameters and will not recognize 
variations outside of these limits, such as a welder would do in manual applications. 

In automatic GTAW, the welding head orbits the weld joint on a guide track 
placed on the pipe adjacent to the joint to be welded. The welding head contains 
motors and drive wheels needed to move the head around the track, a torch to 
create the arc, and a spool of filler wire. Welding current, voltage, travel speed, 
wire feed rate, and oscillation are controlled from an external source. These parame- 
ters may be varied by the operator as the welding head traverses the weld. Oscillation 
and arc energy can be adjusted to permit greater dwell time and heat input into 
the side walls. Automatic GTAW welds are usually deposited as a series of stringer 
beads to minimize the effects of high interpass temperature. 


2. Gas metal arc welding: GMAW is a type of gas-shielded welding generally 
usedin the manual mode but adaptable to automation. The filler wire is the electrode 
and is furnished in coils or spools of solid wire. Is is fed automatically into the 
joint, melted in the arc, and deposited in the weld groove. Alloying elements arc 
in the wire, and shielding gas may be argon, helium, nitrogen, carbon dioxide, or 
combinations thereof, depending on the application. 

Depending on the equipment and the heat input settings, filler metal can be 
transferred across the arc is several modes. In short-circuiting transfer, the electrode 
actually touches the work where it short-circuits, melts, and restarts the arc. This 
process has low heat input and accordingly low penetrating power. It can often 
result in lack of fusion. Because of the low heat input, however, it can be effectively 
used for open-butt root pass welding. 

In spray transfer, the heat input parameters are sufficiently high to transfer the 
molten electrode across the arc as small droplets. Argon or argon-rich gases are 
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used for shielding, resulting in a very stable spatterfree arc. Because of the high 
arc energy, it is normally used in the flat (1G) position. For all-position welding, 
a procedure which superimposes high amplitude pulses of current on a low-level 
steady-state current at regular intervals is often used. This results in a discrete 
transfer of metal with lower heat input needed for all-position welding. 


3. Flux core arc welding: FCAW is a variation of GMAW where a composite 
electrode is substituted for the solid wire. The electrode is a tubular wire containing 
a flux material. Depending on the application, the arc may be self-shielding, or 
shielding gases may be used. Because of its high deposition rate this process is 
rapidly being developed for shop and field welding of piping. 


Base Metal. Base metal is one of the essential variables for welding qualifica- 
tion. Because there are so many base metals to be welded, ASME Section IX has 
established a system of P Numbers and Group Numbers. Each base metal is assigned 
toaspecific P Number depending on characteristics such as composition, weldability, 
and mechanical properties. Each P Number is further subdivided into Group Num- 
bers depending on fracture toughness properties. See Table A6.3. When a procedure 
is qualified with a base metal within a particular P Number, it is also qualified for all 
other base metals within that P Number. When fracture toughness is a requirement, 
qualification is limited to base metals within the same P Number and Group Number. 
For example: A 106 Gr. B pipe is P No. 1 Gr. No. 1, while an A 105 flange is P 
No. 1 Gr. No. 2. Since both are P No. 1, qualification on either qualifies both when 
fracture toughness is not a factor. However, should fracture toughness become a 
requirement, a separate qualification would be required for each to itself and to 
each other. 

Filler Metals. Electrodes, bare wire, wire-flux combinations, and consumable 
inserts which form a part of the finished weld are classed as filler materials. Most 
are covered by AWS and ASME specifications. See ASME Section II Part C.? 

When the filler material is part of the electric circuit, it is designated as an 


TABLE A6.3 ASME P Numbers and Group Numbers for Some Typical Piping Materials 


Nominal composition P No. Group No. 

Carbon Steel—65 ksi & under 1 1 
—65 ksi to 75 ksi 1 2 

C-VeMo & ⁄2Cr-⁄2 Mo—65 ksi & under 3 1 
—70 ksi to 75 ksi 3 2 

1Cr-/eMo & 1%Cr-% Mo-Si 4 1 
2Y%4Cr-1Mo 5A 1 
5Cr-/eMo, & 9Cr-1Mo 5B 1 
9Cr-1Mo-V 5B 2 
Type 304 & 316 Stainless 8 1 
Type 309 & 310 Stainless 8 2 
3% Ni Steel 9B 1 
Al & Al alloys 21 thru 25 — 
Cu & Cu alloys 31 thru 35 — 
Ni & Ni alloys 41 thru 47 — 


Source: Selected from ASME Boiler & Pressure Vessel Code Section IX, 1995 ed. 
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electrode. If it is fed externally and melted by the heat of the arc, it is designated 
as a rod. Coated electrodes for SMAW come in straight lengths. Bare rods for 
GTAW come in straight lengths or spools. Electrode wire for GMAW and SAW 
are in spools or coils, while composite electrodes for FCAW are in spools. 

Each specification incorporates a system of identification so that the filler materi- 
als manufactured by different suppliers which have equivalent characteristics are 
identified by the same number. 

For qualification purposes, they are classified in ASME Section IX with F Num- 
bers and A Numbers. Changes in filler metal from one F Number or A Number 
to another require requalification. 

One ofthe problems associated with coated electrodes for SMAW is the introduc- 
tion of hydrogen into the arc atmosphere and finished weld, resulting in hydrogen- 
induced cracking. To minimize this problem, low-hydrogen-type coatings are used, 
but these can absorb moisture from the atmosphere. Once a sealed can of electrodes 
is opened, the electrodes should be stored in an oven at about 250 to 350°F (120 
to 175°C) or other temperature recommended by the manufacturer. Once removed 
from the oven, low-hydrogen electrodes should be maintained at 175?F (80°C) 
minimum until consumed. Baking to remove moisture is recommended for elec- 
trodes which have been out of the oven for several hours. Refer to the manufacturers’ 
recommendations. 

A problem associated with welding of fully austenitic stainless steel is microfis- 
suring. To combat this problem the chemical composition of the filler material is 
adjusted to produce a weld deposit with small amounts of ferrite. ASME III requires 
that filler materials used in welding austenitic stainless steels contain a minimum 
of 5 percent ferrite. Ferrite, however, can be a problem at cryogenic and high 
temperatures. For cryogenic services the weld metal may not possess the fracture 
toughness capabilities of the base metal, and the ferrite content should be kept as 
low as possible. Alternatively, fully austenitic fillers may be required, but these are 
more crack-sensitive. For very high temperatures ferrite in the weld may convert 
to a brittle phase called sigma. For this reason applications over about 800°F (427°C) 
usually require a minimum of 3 percent ferrite for weldability but not exceeding 7 
percent to minimize sigma formation. 

Preheat and Interpass Temperature. | Ferritic materials undergo metallurgical 
phase changes when cooling from welding to ambient temperature. Mild steels 
which contain no more than 0.20 percent carbon and 1 percent manganese can be 
welded without preheat when the thickness is 1 in (25 mm) or less. However, as 
the chemical composition changes by increases of carbon, manganese, and silicon or 
the addition of chromium and certain other alloying elements, preheating becomes 
increasingly important since the higher carbon and chrome molybdenum steels can 
develop more crack-sensitive martensitic, matensitic-bainitic, and other mixed phase 
structures when cooled rapidly from welding temperatures. 

There is also a potential for hydrogen from SMAW electrode coatings or from 
moisture on the base metal surface to be dissolved in the weld. Also as the weld 
cools, stresses caused by shrinkage are imposed on the parts and distortion can 
result; and as thickness increases, thermal shock from the heat of welding can induce 
cracking more readily. 

Preheating prior to welding is a solution to most of these problems. Preheating 
slows the cooling rate of the weld joint and results in a more ductile metallurigical 
structure in the weld metal and HAZ. It permits dissolved hydrogen to diffuse 
more readily and helps to reduce shrinkage, distortion, and possible cracking caused 
by the resultant residual stresses. It raises the temperature of the material sufficiently 
high to be above the brittle fracture transition zone for most materials. 

The codes vary regarding preheat requirements. Some have mandatory require- 
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TABLE A6.4 Typical Preheat Requirements 


P No. Temp. (°F) Composition/thickness limits 
1 175 For both a max. specified carbon content 
>0.30% and thickness >1 inch. 
50 For all others. 
3 175 For either a min. specified tensile strength 
>60 ksi, or thickness ^ in. 
50 For all others. 
4 250 For either a min. specified tensile strength 
760 ksi, or thickness ^ in. 
50 For all others. 
5A and 5B 400 For either a min. specified tensile strength 


760 ksi, or both a min. specified Cr 
content 76.096 and thickness >% in. 


300 For all others. 
6 400 For all materials. 
7 50 For all materials. 
8 50 For all materials. 
9A 250 For all materials. 
9B 300 For all materials. 
10I 300 With a max. interpass temperature of 450°F. 


Source: ASME B31.1 1995 ed. 


ments while others give suggested levels. For example, for carbon steel welding, 
the B31.1 Code requires preheating to a temperature of 175°F (80°C) when the 
carbon content exceeds 0.30 percent and the thickness of the joint exceeds 1 in. 
B31.3 recommends preheating to 175°F (80°C) when the base metal specified 
strength exceeds 71 ksi or the wall thickness is equal to or greater than 1 in (25 
mm). ASME III Section suggests a preheat of 200°F (95°C) when the maximum 
carbon content is 0.30 percent or less and the wall thickness exceeds 1% in for P 
No. 1 Gr. No. 1, or 1 in (25 mm) for P No. 1 Gr. No. 2. It also suggests a 250°F 
(120°C) preheat for materials with carbon in excess of 0.30 percent and wall thick- 
nesses exceeding 1 in (25 mm). The ASME B31.4 and B31.8 Codes require preheat 
based on carbon equivalents. When the carbon content (by ladle analysis) exceeds 
0.32 percent, or the carbon equivalent (C + 1⁄4 Mn) exceeds 0.65 percent, preheating 
is required. The reader is advised to consult the specific codes for preheating 
requirements. See Table A6.4 for some typical preheat requirements. 

It should be noted that for the 9Cr-1Mo-V (P No. 5B Gr. 2) material some 
manufacturers suggest a preheat of 350°F (177°C) for GTAW and 400 to 450°F 
(204 to 232?C) for other types of welding regardless of thickness. 

While it is preferred that preheat be maintained during welding and into the 
postweld heat treatment cycle without cooling, this may not always be practical. 
The B31.1 Code permits slow cooling of the weld to room temperature provided 
the completed weld deposit is a minimum of 34 in (9.5 mm) or 25 percent of the 
final thickness, whichever is less. For P No. 5B and P No. 6 materials some type 
of intermediate stress relief is required. 

For the 9Cr-1Mo-V material it is recommended that the finished weld be heated 
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to 500°F (260°C), held at that temperature for 2 hours, and allowed to cool slowly 
in still air by wrapping it with insulating material. 

Too much heat during welding can also be a problem. Where notch toughness 
is a requirement, prolonged exposure to temperatures exceeding 600°F (316°C) can 
temper the base metal. Controlling the interpass temperature is required to minimize 
this problem. Interpass temperature control means allowing the temperature of the 
joint to cool below some specified level before the next pass is deposited. 

Because of its martensitic structure, a maximum interpass temperature of 600°F 
(316°C) should be observed when welding 9Cr-1Mo-V material. 

In welding of austenitic stainless steels, sensitization of the base metal HAZ 
will result from the heat and welding. Here the solution is to weld with as low a 
heat input as possible at the highest possible speed to minimize the precipitation 
of carbides (sensitization). A maximum interpass temperature of 300 to 350°F (149 
to 177°C) is usually employed. 


Weld Joint Design 

Butt Welds. A butt joint is defined as one in which the members being joined 
are in the same plane. The circumferential butt joint is the most universally used 
method of joining pipe to itself, fittings, flanges, valves, and other equipment. The 
type of end preparation may vary depending on the particular preferences of the 
individual, but in general the bevel shape is governed by a compromise between a 
root sufficiently wide to assure a full-penetration weld but not so wide as to require 
a great deal of filler metal. 

In the shop, the inside surface of large-diameter pipe joints is often accessible. 
In this case the joint is most often double-welded (welded from both sides), and a 
double V bevel is used. For heavier walls, machined double U bevels can be used. 
However, the vast majority of piping butt welds must be made from one side only. 
For this situation the most frequently specified shapes are the V bevel, compound 
bevel, and U bevel, all of which can have varying angles, lands, and tolerances. See 
Fig. A6.15. Recent advances in SAW narrow-gap welding as applied to piping butt 
welds have cut the volume of filler metal significantly in pipe walls that are 2 in 
(51 mm) and thicker. The 30 or 37V? (60 or 75? included angle) V bevel is most 
often performed integrally with the cutting operation by machine, oxyfuel gas, or 
arc cutting. Other bevel shapes such as the compound V, U, J bevels, or combinations 
thereof require machining in lathes or boring mills. 


1. Alignment: Alignment for butt welding can often be a frustrating task since 
it is influenced by the material; pipe diameter, wall thickness, out-of-roundness 
tolerances; welding process needs; and design requirements. 

When a joint can be double welded, the effects of misalignment are minimized 
since both inner and outer weld surfaces can be blended into the base metal, and 
any remaining offsets can be faired out. ASME Section III gives a table of allowable 
offsets due to misalignment in double-welded joints. See Table A6.5. All resulting 
offsets must be faired to a 3:1 taper over the finished weld. 

For single-welded joints alignment can be more difficult, since the inside surface 
is not accessible. The degree of misalignment is influenced by many factors and 
depending on the type of service application may or may not be significant. The 
various codes impose limits on inside-diameter misalignment. This is to assure that 
the stress intensification resulting from the misalignment is kept within a reasonable 
value. The B31.1 Code requires that the misalignment between ends to be joined 
not exceed 146 in (2.0 mm), unless the design specifically permits greater amounts. 
See Fig. A6.16. The B31.4 and B31.8 Codes do not require special treatment unless 
the difference in the nominal walls of the adjoining ends exceeds 92 in (2.5 mm). 
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FIGURE A6.15 Typical weld end bevels. (a) Walls = 1 in; (b) walls > 1 in; (c) GTA root 
walls > % to 36 in; (d) GTA root walls > % in. 


ASME Section III on the other hand requires that the inside diameters of the 
adjoining sections match within 1⁄6 in (2.0 mm) to assure good alignment. Count- 
erboring is usually required to attain this degree of alignment. 

The welding process and NDEs to be employed also bear on misalignment limits. 
Some welding processes can tolerate fairly large misalignments while others, notably 


TABLE A6.5 Maximum Allowable Offset in Joints Welded from Both Sides 


Direction of joints 


Section thickness (in) Longitudinal Circumferential 
Up to ¥, incl. Vat Vat 

Over 4 to 34, incl. Vs in Vat 

Over 34 to 17^, incl. Vs 54e in 

Over 1% to 2, incl. Vs in Vet 


Over 2 Lesser of “et or 96 in Lesser of Yet or 94 in 


Source: ASME Boiler & Pressure Vessel Code Section III 1995 ed. 
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FIGURE A6.16 Butt welding of piping components with internal mis- 
alignment. (ASME B31.1 Power Piping Code, 1995 ed.) 


gas tungsten arc root pass welding with and without consumable inserts require 
closer tolerances. See PFI ES-21.? Radiographic or ultrasonic examinations of 
misaligned areas may show unacceptable indications if the degree of misalignment 
is too great. 

A review of the tolerances permitted in the manufacture of various types of 
pipe, fittings, and forgings immediately reveals that in many situations the probable 
inside diameter and wall thickness variations will produce unacceptable misalign- 
ment situations. Out-of-roundness in lighter wall materials can add to the problem. 

When most of the pipe comes from the same rolling and the fittings from the 
same manufacturing lot, variations in tolerances are minimal and the pipe and 
fittings can be assembled for most common applications without a great deal of 
adjustment. Out-of-round problems in lighter walls are handled with internal or 
external round-up devices. 

To assure that all components will be capable of alignment in the field, it is 
common practice for the designer to specify that the inside diameters of all matching 
components be machine counterbored to some specified dimension. This practice 
is also desirable for shop welding of heavier wall piping subassemblies. PFI ES-21 
contains a set of uniform dimensions for counterboring of seamless hot-rolled pipe 
ordered to A106 or A335 by NPS and schedule number. See Table A6.6. 

The C dimension is determined from the following equation: 


C = A —'h in-2xt,—0.010in 


where A = pipe outside diameter 
Y2 in = pipe outside diameter under tolerance 
ta = mill minimum wall = 0.875t 
t = mill nominal wall 
0.010 = a boring tolerance 


This simplifies to: 


C = A — 0.041 — 1.75t in (A6.2) 
C = A — 1.04 — 1.75f mm (A6.2M) 


The tolerance on C is +0.010 — 0.040 in (+0.25 mm, —1.02 mm). 
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TABLE A6.6 Internal Machining for Circumferential Butt Welds 


Machined I.D. 


of pipe C 
Schedule tolerance 

Nominal number or Nominal O.D. Nominal I.D. Nominal wall +0.010, 

pipe size wall A (in) B (in) thickness f (in) —0.040 (in) 
3 XXS 3.500 2.300 0.600 2.409 
4 XXS 4.500 3.152 0.674 3.279 
5 160 4.500 4.313 0.625 4.428 
XXS 5.563 4.063 0.750 4.209 
6 120 6.625 5.501 0.562 5.600 
160 6.625 5.187 0.719 5.327 
XXS 6.625 4.897 0.864 5.072 
8 100 8.625 7.437 0.594 7.546 
120 8.625 7.187 0.719 7.327 
140 8.625 7.001 0.812 7.163 
XXS 8.625 6.875 0.875 7.053 
160 8.625 6.813 0.906 6.998 
10 80 10.750 9.562 0.594 9.671 
100 10.750 9.312 0.719 9.452 
120 10.750 9.062 0.844 9.234 
140 10.750 8.750 1.000 8.959 
160 10.750 8.500 1.125 8.740 
12 60 12.750 11.626 0.562 11.725 
80 12.750 11.374 0.688 11.507 
100 12.750 11.062 0.844 11.234 
120 12.750 10.750 1.000 10.959 
140 12.750 10.500 1.125 10.740 
160 12.750 10.126 1.312 10.413 
14 O.D. 60 14.000 12.812 0.594 12.921 
80 14.000 12.500 0.750 12.646 
100 14.000 12.124 0.938 12.319 
120 14.000 11.812 1.094 12.046 
140 14.000 11.500 1.250 11.771 
160 14.000 11.188 1.406 11.498 
16 O.D. 60 16.000 14.688 0.656 14.811 
80 16.000 14.312 0.844 14.484 
100 16.000 13.938 1.031 14.155 
120 16.000 13.562 1.219 13.827 
140 16.000 13.124 1.438 13.442 
160 16.000 12.812 1.594 13.171 
18 O.D. 40 18.000 16.876 0.562 16.975 
60 18.000 16.500 0.750 16.646 
80 18.000 16.124 0.938 16.319 
100 18.000 15.688 1.156 15.936 
120 18.000 15.250 1.375 15.553 
140 18.000 14.876 1.562 15.225 


160 18.000 14.438 1.781 14.842 
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TABLE A6.6 Internal Machining for Circumferential Butt Welds (Continued ) 


Machined I.D. 


of pipe C 
Schedule tolerance 

Nominal number or Nominal O.D. Nominal I.D. Nominal wall +0.010, 

pipe size wall A (in) B (in) thickness t (in) —0.040 (in) 
20 O.D. 40 20.000 18.812 0.594 18.921 
60 20.000 18.376 0.812 18.538 
80 20.000 17.938 1.031 18.155 
100 20.000 17.438 1.281 17.717 
120 20.000 17.000 1.500 17.334 
140 20.000 16.500 1.750 16.896 
160 20.000 16.062 1.969 16.515 
22 O.D. — 22.000 20.750 0.625 20.865 
60 22.000 20.250 0.875 20.428 
80 22.000 19.750 1.125 19.990 
100 22.000 19.250 1.375 19.553 
120 22.000 18.750 1.625 19.115 
140 22.000 18.250 1.875 18.678 
160 22.000 17.750 2.125 18.240 
24 O.D. 30 24.000 22.876 0.562 22.975 
40 24.000 22.624 0.688 22.757 
60 24.000 22.062 0.969 22.265 
80 24.000 21.562 1.219 21.827 
100 24.000 20.938 1.531 21.280 
120 24.000 20.376 1.812 20.788 
140 24.000 19.876 2.062 20.350 
160 24.000 19.312 2.344 19.859 


Source: Pipe Fabrication Institute PFI ES-21. 


For other types of seamless pipe, longitudinally welded pipe, forged and bored 
pipe, and other specialties, the tolerances on the outside diameter and wall thickness 
are different. The machining tolerance required for some welding processes may 
also be different. However, similar logic may be applied in determining C dimensions 
for these products. (See PFI ES-21.) 

It should be noted from Table A6.6 that the tabulation applies to wall thickness 
greater than !^ in (12.7 mm). While one can calculate a C dimension for lighter 
walls, the combination of outside diameter tolerance and wall thickness tolerance 
will usually result in a calculated C which is often smaller than the actual bore of 
the pipe. The difference is most often relatively small, and the existing diameter 
will usually be suitable for alignment of most welds. In those cases where it is 
considered essential, the outside diameter at the end can be sized to provide stock 
for machining, but care is required to assure that the minimum wall is maintained. 
Where counterboring is used, the machined surface should taper into the existing 
inside surface at an angle of 30? maximum. See Fig. A6.17. 

There are many instances where round-up devices and counterboring are insuffi- 
cient remedies for misalignment. On occasion it may be necessary to expand the 
ends where counterboring would violate minimum wall requirements. Most of the 
codes permit the use of weld metal deposits (weld buildup) both on the inside and 
outside surfaces of the weld end in order to attain the required alignment. In 
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2 Vátenin 


Outside 


Radius of at least Q.0Sr min 


45 deg. maximum Radius not mandatory 


30 deg. maximum 


Component or Fitting 


Maximum — See [Note (2)} 


Minimum — 1.0tmin 


PA 
30 deg. maximum X > zd 


Maximum slope See {Nore (1)] 
1:3 


Radius of at least 9.05t in 


Inside ja Ritmin 
Transıtion region 


GENERAL NOTES: 

{a} Wetd bevel is shown for illustration only 

(b) The weld reinforcement permitted by NC-4426 may tie outside the maximum 
envelope. 


NOTES: 
(1) The value af fmin $$ whichever of the following is applicable: 
la) the minimum ordered wall thickness of the pipe: 
1b) 0.875 times the norninal wall thickness of pipe ordered to a pipe 
schedule wall thickness which has an under tolerance of 12.5%; 
(c) the minimum ordered wall thickness of the cylindrical welding end of 
a component or fitting (or the thinner of the two) when the joint is 
between two components. 
(2) The maximum thickness at the end of the component is: 
lal the greater of finn + 0.35 in, or 1.15, when ordercd on a minimum 
wall basis; 
(b) the greater of fmin + 0.15 in. or V.0tho 
nominal wall basis. 


FIGURE A6.17 Welding end transitions—maximum envelope. (ASME Boiler and Pressure Vessel 
Code, Sec. III, 1995 ed.) 


min 


m when ordered on a 


using this alternative, consideration must be given to other factors such as radial 
shrinkage, imperfections in the weld buildup which may show on NDE, need for 
pre- and postweld heat treatment, and possible sensitization of austenitic stainless 
steels. 


2. Unequal wall thickness: In most piping systems there are components such 
as valves, castings, heavier header sections, and equipment nozzles which are welded 
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to the pipe. In such instances the heavier sections are machined to match the lighter 
pipe wall and the excess thickness tapered both internally and externally to form 
a transition zone. Limits imposed by the various codes for this transition zone are 
fairly uniform. The external surface of the heavier component is tapered at an angle 
of 30° maximum for a minimum length equal to 1% times the pipe minimum wall 
thickness and then at 45? for a minimum of % times the pipe minimum wall. 
Internally, either a straight bore followed by a 30? slope or a taper bore at a 
maximum slope of 1 to 3 for a minimum distance of 2 times the pipe minimum 
wall are required. See Fig. A6.17. The surface of the weld can also be tapered to 
accommodate differing thickness. This taper should not exceed 30°, although some 
codes limit the taper to 1 to 4. It may be necessary to deposit weld metal to assure 
that these limits are not violated. 

Fillet Welds. Circumferential fillet welds are used in piping systems to join slip- 
on flanges and socket welding fittings and flanges to pipe. In welding slip-on flanges 
to pipe, the pipe is inserted into the flange and welded with two fillet welds, one 
between the outside surface of the pipe and the hub of the flange and the other 


Yas 
<< PANERA 


WE, 


4 Approx 1/16 in. (2.0 mm) 
* ty or 1/4 in. (6.0 mm) before welding 
whichever is smaller 


tj = nominal pipe wall thickness 


Xmin 7 1-091, or thickness of the hub, whichever is smaller 


FIGURE A6.18 Slip-on and socket welding flange welds. (ASME B31.1, 1995 ed.) 


between the inside surface of the flange and the thickness of the pipe. See Fig. 
A6.18. Alignment is relatively simple since the pipe fits inside the flange. The B31.1 
Code requires that the fillet between the hub and the pipe have a minimum weld 
leg of 1.09 times the pipe nominal wall or the thickness of the hub, whichever is 
smaller. The weld leg of the front weld must be equal to the pipe nominal wall or 
Ys in, whichever is smaller. The gap between the outside diameter of the pipe and 
flange inside diameter may increase with size, so the size of the fillet leg should be 
adjusted to compensate for this situation. 

Fillet welds are also used for circumferential welding of pipe to socket fittings. 
Socket weld fittings and flanges are available in sizes up to NPS 4 (DN 100) but 
are most frequently used in sizes NPS 2 (DN 50) and smaller. Alignment is not a 
problem since the pipe fits into the fitting socket. Some codes require that the fillet 
have uniform leg sizes equal to 1.09 times the pipe nominal wall or be equal to the 
socket wall, whichever is smaller. In making up socket joints it is recommended 
that the pipe not be bottomed in the socket before welding. B31.1 and ASME 
Section III suggest a !Ae-in (2.0 mm) gap. In high-temperature service especially, 
the pipe inside the socket will expand to a greater degree than the socket itself, 
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and the differential expansion may result in unwanted shear stress in the fillet and 
possible cracking during operation. 

Intersection-Type Weld Joints. Intersection-type weld joints occur when the 
longitudinal axes of the two components meet at some angle. Such is the case where 
nozzle, lateral, and wye intersections are fabricated by welding. Weld joints in these 
cases may be butt, fillet, or a combination thereof. Nozzles are made either by set- 
on or set-through construction. In set-on construction, the opening in the header 
pipe is made equal to the inside diameter of the branch pipe. The branch pipe is 
contoured to the outside diameter of the header and beveled so that the weld is 
made between the outside surface of the header and through the thickness of the 
branch. The through thickness weld is covered by a fillet weld to blend it into the 
header pipe surface. In set-through construction an opening is cut in the header 
pipe equal to the outside diameter of the branch pipe and beveled. The branch 
pipe is contoured to match the inside diameter of the header. See Fig. A6.19. The 
weld is between the outside surface of the branch and through the thickness of the 
header and is covered with a fillet weld to blend it into the outside surface of the 
branch. Either type of construction is acceptable; the usual practice is to use set- 
on since the volume of required weld metal is less. However, when the header is 


Branch pipe Branch pipe 


Through weld 
Cover fillet 


Cover fillet 
Through weld 


(a) (5) 


Branch pipe Set up and weld gle Completed bore 


Cover fillet Pil 
Through pad weld ] RU 
wid. MA Through for bore Through weld 
branch through 


KÄE 


Pilot hole — 


L. Header 
for set-up Completed bore 


(d) 


(c) 


FIGURE A6.19 Types of branch nozzle construction. (a) Set-on; (b) set-through; (c) set-on with 
reinforcing pad; (d) special drill through socket weld coupling. 
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made from a plate product which may contain laminations, set-through construction 
is preferred. 

Small nozzles are frequently made with socket welding or threaded couplings 
set on the header. In these cases it is difficult to assure complete root penetration, 
and specially designed couplings which permit drilling through the bore to remove 
the root of the weld are often used. See Fig. A6.19. 

Welded-nozzle construction cannot be used at the full rating of the pipe involved, 
and suitability for particular pressure temperatures must be verified by component 
design methods found in Part B of this book. In all cases there must be a through 
thickness weld of the branch to the header. Where reinforcing pads are used, they 
should also be joined to the header by a weld through their thickness. See Fig. 
A6.19 for typical details. In designing headers with multiple outlet nozzles, sufficient 
clearance is needed between adjacent nozzles to provide accessibility for welding. 
Nozzles with reinforcing pads or flanges need greater clearance. PFI ES-7? gives 
suggested minimum spacings. 

Root Pass Weldings. The integrity of any weld rests primarily with the quality 
of the root pass. In double-welded joints the root pass serves as a backing for passes 
welded from the first side. Before welding begins from the opposite side, the root 
area is usually removed to sound metal. In most cases, however, pipe welds must 
be made from one side only, and the inside surface of the root weld is not accessible 
for conditioning. 

Backing Rings. The earliest solution to root pass welding was the use of a 
backing ring using the SMAW process. This usually assured good penetration and 
is still used for many applications. However, commercial rings used with nominal 
pipe dimensions may result in unwanted flow restriction, crevices for entrapment 
of corrosion products, and notch conditions which could result in cracking during 
service. Prior to the introduction of GTAW root welding, piping systems which 
required the highest possible quality were welded using counterboring of the pipe 
to close tolerances and machined backing rings. This reduced problems significantly, 
but the crack potential still remained. See PFI ES-1? 

Open Butt Root Welds. In petrochemical services backing rings often could 
not be used, and the practice of open butt welding with shielded metal arc electrodes 
was and still is used. Welders require considerably more skill. Welding is most often 
performed with E-XX10 electrodes, which are more controllable than the low- 
hydrogen types but are also more prone to porosity. 

GTAW Root Welds. The introduction of GTAW represented a breakthrough 
in root pass welding. Because of the greater expense involved, its application is 
usually limited to applications requiring high-quality root welds. The weld end 
bevels are carefully prepared by machining and counterboring where necessary to 
meet the close tolerances required. The joint involves butted or open lands, and 
the weld is made with filler metal added or with a preplaced consumable insert. 
The latter have a decided advantage in that they eliminate a good deal of the 
variability introduced by hand feeding of filler wire. Consumable inserts come in 
a variety of shapes, each requiring somewhat differing fit-up tolerances. See PFI 
ES-21. Some types can be used for root pass welding in lighter wall materials (4 
in and less) without the need for counterboring. Depending on the service, the 
inside surface of the molten weld puddle is often shielded from oxidation by an 
inert gas inside the pipe contained between dams. See Fig. A6.20. A small, con- 
trolled, positive pressure on the backing gas can aid in better controlling the shape 
of the root inside diameter. 

When the root pass is made by the GTAW process, the resulting finished weld 
is relatively thin. In depositing the second and third passes, the first pass may be 
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Purged Pulse gas inlet 


weld root 


Dams consist of rubber gaskets between 
two flanges. 


FIGURE A6.20 Typical shop purging arrangement. 


remelted. As it resolidifies, it shrinks radially, resulting in a small concave depression 
on the inside of the weld. This condition is usually considered acceptable provided 
the resulting thickness through the finished weld is equal to or greater than the 
required minimum wall, and the concavity blends smoothly into the adjacent 
base metal. 

GMAW Root Welds. Many fabricators and/or installers take advantage of the 
low penetrating power of GMAW in the short-circuiting mode to use it for open- 
butt root pass welding where the quality level of GTAW root pass welding is not 
required. The balance of the weld is made by other processes. Care must be taken 
to assure that unmelted wire does not penetrate the joint and remain. 


Welding of Ferrous Piping Materials 

Carbon Steels. Carbon steels are classed as P-No.1 by ASME Section IX. See 
Table A6.3. The vast majority of carbon steel pipe is used for services below 775°F 
(413°C). Joints are most often V bevels with commercial backing rings or open butt 
roots and are welded out with SMAW, SAW, GMAW, and FCAW. For services 
which require high quality, GTAW root welds with SMAW, SAW, and FCAW 
weld-outs are most prevalent. Most carbon steel filler metal is produced to weld 
60,000- and 70,000-psi material. More often than not fabricators use the 70,000-psi 
filler for all carbon steel welding. For SMAW the most popular electrode is E-7018, 
although for open-butt root pass welding using SMAW, E-6010 is still the choice. 
FCAW welding is rapidly replacing SMAW because it can deposit at a much higher 
rate. Preheating and postweld heat treating are required depending on the carbon 
content and wall thickness. For typical preheat and postweld heat treatment require- 
ments see Tables A6.4 and A6.7. When working to a specific code, be sure to use 
the requirements found in that code. 

Carbon Molybdenum Steels. Carbon molybdenum steels are classed as P-No 
3. Currently this material has very little use because of unfavorable experience with 
graphitization at temperatures over 800°F (427°C). 

Chromium Molybdenum Steels. The chromium molybdenum steels are primar- 
ily used for service temperatures from 800 to 1050°F (427 to 565°C). They range 
from ¥% Cr-¥% Mo to 9 CR-1 Mo-V and are classed by ASME Section IX as P-No. 3, 
P-No. 4, and P-No. 5 A and 5 B. The preponderance of usage is in the 1% Cr-% 
Mo-Si and 2% Cr-1 Mo grades. Welding usually consists of GTAW root welds 
with filler metal added or preplaced inserts. The balance of the weld is made by 
SAW for welds which can be performed in the 1G position and SMAW for fixed 
position welds. FCAW is rapidly overtaking SMAW for these materials also. See 


S6c V 


TABLE A6.7 Some Typical Time and Temperature Cycles for Heat Treatment 


Holding temperature range* 


Minimum holding time 
at temperature 


Cooling program 


1 h/in of thickness but 
not less than 30 min or 
more than 2 h plus 15 
min for each additional 
inch over 2 in 


1 h/in of thickness but 
not less than 30 min or 
more than 5 h plus 15 
min for each additional 
inch over 5 in 


SR or T—Cool at 
400°F/h divided by the 
thickness in inches but 
not faster than 400?F/ 
h; need not be lower 
than 100°F/h down to 
800°F 

N—Remove from fur- 
nace at normalizing 
temperature and cool 
in still air to 800°F; 
temper as necessary 
A—Furnace cool to 
800°F at a rate of 
400°F/h divided by the 
thickness in inches but 
not faster than 400°F/ 
h; need not be slower 
than 100°F/h 


P no. Heating rate SR or T N A CST 
P-1 Above 800°F heat at a | 1100-1250°F 1600-1700°F 1500-1600°F N/A 
rate of 400°F/h divided 
by the thickness in 
inches but not faster 
than 400°F or less than 
100°F 
P-3 Same as P-1 1100-1250°F 1600-1700°F 1500-1600°F N/A 
P-4 Same as P-1 1300-1375?F 1725-1775?F 1625-1675?F N/A 
P-5A Same as P-1 1300-1400?F  1725-1775?F 1625-1675?F N/A 
& 
P-5B Gr.-1 
P-8 Same as P-1 Not required N/A N/A 1900—2000?F 


* SR = stress relief, T = temper, N = normalize, A = anneal, CST = carbide solution treatment 
Pullman Power Products Corporation. 


Source: 


1 h/in of thickness but 
not less than 30 min or 
more than 2 h plus 15 
min for each additional 
inch over 2 in 


CST—Remove from 
furnace at holding tem- 
perature and quench in 
water to 300°F within 2 
min 
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Tables A6.4 and A6.7 for typical preheat and postweld heat-treatment requirements. 
Note that in B31.3 hardness limits are imposed to verify the adequacy of any 
heat treatment, and above-critical heat treatment may be necessary to attain the 
maximum hardness limit. 

The 9Cr-1Mo-V material is a relatively recent addition to the list of chromium 
molybdenum steels for use in high-temperature service. Its great advantage over 
other chrome moly steels is its high-temperature strength. It has allowable stresses 
comparable with those of austenitic stainless steels. This results in a lesser wall 
thickness and consequently less weight to support and considerably less volume of 
filler material. A tighter line configuration can be anticipated because the lesser 
section modulous will result in smaller reactions at the terminals due to expan- 
sion loadings. 

This material also has an advantage over austenitic stainless steels in that its 
coefficient of thermal expansion is less than that of the stainlesses, again resulting 
in lower end reactions for the same configuration. 

On the down side, 9Cr-1Mo-V is typically a martensitic structure at room temper- 
ature and requires great care in bending, welding, and postbending and welding 
heat treatment. 

For hot bending, a temperature of 1740 to 1920°F (950 to 1050°C) is preferred. 
Bending in the temperature range of 1560 to 1740°F (850 to 950°C) should be 
avoided. After hot bending, a normalize at 1900 to 1990°F (1040 to 1090°C) is 
required to put carbides back into solution. The normalize is followed by a tempering 
heat treatment between 1350 and 1440°F (730 and 780°C). Both are followed by 
cooling in still air. 

Welding is extremely critical. The latest ASME Section II Part C, lists 9Cr-1Mo- 
V filler materials. SFA 5.5 lists E9018-B9 for SMAW electrodes, and SFA 5.28 lists 
ER90S-B9 for rods and electrodes for gas-shielded welding. Storage and handling 
of electrodes is very critical (see Filler Metals). Preheat and interpass temperatures 
and postwelding cooling should be scrupulously observed (see Preheat and Interpass 
Temperature). Postwelding stress relief is a necessity. The current ASME B31.1 
Code requires a range of 1300 to 1400°F (700 to 760°C), but some literature indicates 
that a range of 1360 to 1440°F (740 to 780°C) may be more desirable for reasonable 
hardness and good ductility. The time at temperature should be 1 h per in of 
thickness, and heating and cooling rates above 800°F (427°C) should be limited to 
100°F (55°C) per h. 

Martensitic and Ferritic Stainless Steels. The martensitic and ferritic grades of 
stainless steels are not often encountered in piping systems. They are a group of 
steels with chromium contents ranging from 11.5 to 30 percent. Martensitic stainless 
steels are those which are capable of transformation to martensite under most 
cooling conditions and therefore can be hardened. Ferritic stainless steels on the 
other hand contain sufficient chromium and other ferrite formers such as aluminium, 
niobium, molybdenum, and titanium so that they cannot be hardened by heat 
treatment. ASME Section IX classes martensitic stainless steels as P-No.6 and 
ferritic stainless steels as P-No.7. The user should consult the Welding Handbook" 
for suggested welding processes and the applicable code for specific preheating and 
postweld heat-treatment requirements. 

Austenitic Stainless Steels. Austenitic stainless steels are classed as P No. 8. 
Piping systems of austenitic stainless steels represent a fairly significant proportion 
of a fabricator’s and/or installer’s work, since they appear in nuclear power plants, 
chemical plants, paper mills, food processing facilities, and other applications where 
cleanliness and corrosion resistance are mandatory and even in fossil power plants 
where their high-temperature properties are needed. Most root welding is done by 
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the GTAW process, and the inside of the root is protected by purging with argon, 
helium, or nitrogen to prevent formation of hard chromic oxides. GTAW is used 
for weld-out in lighter walls, and combinations of GTAW, SMAW, and SAW 
are used for heavier sections. Filler metal must contain some ferrite to preclude 
microfissuring as described in the section “Filler Metals." To minimize the precipita- 
tion of carbides (sensitization) during welding, interpass temperatures are usually 
limited to 300 to 350°F (150 to 175°C). Heat treatment after welding is not manda- 
tory. For corrosion services, heating during fabrication could be detrimental since 
it would serve to enhance sensitization. The effects of sensitization can be mitigated 
by a carbide solution heat treatment as described in the section “Heat Treatment." 
Low-carbon grades of stainless steels welded with L grade electrodes are also used 
in services where sensitization can be a problem. 

Low-Temperature Steels. The term low-temperature steel is applied to a variety 
of steels which exhibit good notch toughness properties at temperatures down to 
cryogenic levels. 

The B31.1 and B31.3 Codes permit the use of most steel down to —20°F (—29*C). 
Below this, certain grades of carbon and nickel steel with good toughness and 
austenitic stainless steels are needed. Welding procedures and welding filler metals 
must be tested to assure suitability for the intended service. B31.3 gives details of 
such requirements. Root pass welding using GTAW, with SMAW and SAW weld- 
out, is commonly used. Some FCAW is used in the carbon steels and low-nickel 
steels. 

A preheat of 200°F (95°C) is suggested by B31.3 for low-nickel steels followed 
by a postweld heat treatment consisting of a stress relieve at 1100 to 1175°F (600 
to 630°C) when the wall exceeds % in (19 mm). For 9 percent nickel steel a preheat 
of 50°F (10°C) and a stress relieve at 1025 to 1085°F (552 to 585°C) followed by 
cooling at a rate greater than 300°F/h (167°C/h) down to 600°F (316°C) is required. 

Certain nonferrous materials are also suitable for low-temperature service. See 
the following section. 


Welding of Nonferrous Metals 

Aluminum. Aluminum and aluminum alloys have high thermal conductivity, 
high coefficients of thermal expansion, and high fluidity in the molten state. The 
predominant welding methods used for joining them are GMAW and GTAW, both 
manually and in automatic modes. Joint designs are much like those used for ferritic 
metals, except that the included angles are usually 60 to 75°, increasing to 90 or 
110° for welding overhead. The root pass may be welded against a permanent 
aluminum backing strip or removable stainless-steel backup or with an open butt 
or consumable insert. Joint cleanliness is very important, so oil, grease, and dirt 
must be removed. For heavy oxide, wire brushing or chemical cleaning may be 
required. Preheating is normally not needed but may be required when the mass 
of the parts is large enough to conduct the heat of welding away from the joint 
faster than it can be supplied by the arc. Depending on the welding process used, 
as the weld thickness increases from about % to 1 in (19 to 25 mm), a preheat of 
200 to 600°F (95 to 316°C) may be required. Since the properties and tempers of 
certain alloys may be affected, care should be exercised when preheat is applied. 
Shielding gases are usually helium or argon. For critical applications and heavier 
sections a mixture of 75 percent helium, 25 percent argon is recommended. Heat 
treatment after welding is not required. 

It is important to remember that the annealing effect of the heat of welding can 
reduce the strength level of cold-worked and heat-treatable alloys. In this case the 
allowable stress value for the material in the annealed condition should be used 
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for design. An exception to this can be made in the case of heat-treatable 
materials when the finished weldment is subjected to the same heat treatment 
which produced the original temper and both the base metal and weld joint are 
similarly affected. 

Aluminum and aluminum alloys are suitable for service temperatures down to 
—452°F (—269°C). See B31.3 for information on this subject. 

Copper and Copper Alloys. Although copper and copper alloys can be welded 
by other processes, GTAW welding is commonly applicable for all-position welding 
of most copper and copper alloys. GMAW with pulsed current can also be used 
for some alloys. Shielding gases may be argon, helium, or mixtures thereof. Argon 
is preferred for walls to % in (3 mm), but a 75 percent helium, 25 percent argon 
mixture is most often used for heavier walls and weld positions other than flat (1G). 

Like aluminum, the coppers have high thermal conductivity and high coefficient 
of thermal expansion. Accordingly, preheating is recommended to compensate for 
heat loss at the joint due to the metal mass and to reduce distortion. Welding 
current should not be used to compensate for heat loss. The degree of preheat is 
a function of alloy, welding process, and metal mass. More heat input is needed 
for the pure coppers, with decreasing amounts needed as the alloy content increases. 
Preheat should increase with wall thickness, from about 200°F (95°C) for V4-in 
(6 mm) wall increasing to 750°F (400°C) minimum for walls % in (16 mm) and 
over. Surface cleanliness is very important, and some alloys require a chemical 
cleaning to remove oxides. Copper-nickel alloys are susceptible to hot cracking if 
sulfur is present. 

The heat of welding will soften the HAZ of cold-worked material, and it will 
be weaker than the base metal. When precipitation-hardenable alloys are used, it 
is recommended that welding be done on base metal in the annealed condition 
and the entire weldment be given the precipitation-hardening heat treatment. For 
detailed information refer to the Welding Handbook," the Metals Handbook,” or 
contact the Copper Development Association. 

Many coppers are suitable for services down to —325°F (—199*C), See ASME 
B31.3. 

Nickel and Nickel Alloys. Nickel and its alloys can be welded by SMAW, 
GTAW, and GMAW. SAW is limited to certain compositions. Welding is similar 
to austenitic stainless steels except that the molten metal is more sluggish and does 
not wet as well. Larger groove angles may be required. Preheat is not required, 
but welding at temperatures below 60°F (16°C) in the presence of moisture is not 
recommended. A low interpass temperature is suggested. For GTAW welding 
shielding gas is normally argon, but helium or an argon-helium mix may be used. 
The inside surface of GTAW root welds should be shielded with an inert gas. 
GMAW in the spray, pulsed, globular, or short-circuiting modes may be used with 
argon or argon-helium mixtures as shielding. Postweld heat treatment is not usually 
required. Many nickel and nickel alloys may be used down to —325°F (—199°C). 
For more detailed information refer to the Welding Handbook, the Metals Hand- 
book,” and ASME B31.3. 

Titanium. Titanium and its alloys are normally welded using the GTAW and 
GMAW processes. It is vital that the HAZ and molten metal be protected from 
the atmosphere by a blanket of inert gas during welding. Most welding is done in 
a protective chamber purged with an inert gas or by using trailing shields. Precleaning 
is extremely important. Use of degreasers, stainless steel wire brushes, or chemical 
solutions may be required. Preheating or postweld heat treatment are not normally 
required. See the Welding Handbook" and the Metals Handbook.” 

Dissimilar Metals. Until now we have discussed welding where both items being 
joined are essentially the same material and are joined with a filler metal of similar 
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chemistry and physical properties. Occasions arise where metals of different chemi- 
cal composition and physical properties must be joined. 

In joining dissimilar metals, normal welding techniques may be employed if the 
two base metals have melting temperatures within about 200°F (95°C) of each other. 
Otherwise different joining techniques are required. 

In designing a welding procedure for dissimilar metals, a great many factors 
must be considered. Service conditions such as temperature, corrosion, and the 
degree of thermal cycling may apply. The effects of dilution of the two base metals 
by the filler and each other must be evaluated to assure a sound weld with suitable 
chemical, physical, metallurgical, and corrosion-resistant properties. Similarly, pre- 
heat and postweld heat treatment requirements for one base metal may not be 
suitable for the other. 

It is usually necessary to qualify a separate welding procedure for the particular 
combination of base metals and filler material. ASME Section IX should be con- 
sulted for specifics. 

As a general rule, when welding within a family such as ferritic to ferritic, 
austenitic to austenitic, or nickel alloy to nickel alloy, the filler metal may be of 
the same nominal composition as either of the base metals or of an intermediate 
composition. The filler metal normally used to weld the lower alloy is most often pre- 
ferred. 

The previous advice may not always hold true. It has been noted that when 
welding P 22 (2%Cr-1Mo) to P 91 (9Cr-1Mo-V) using 2%Cr filler metal at high 
temperatures, carbon migration from the 2V4Cr weld metal to the 9Cr base metal 
can produce a carbon-denuded zone at the interface, resulting in a weakened area. 
One recommendation is to butter" the 9Cr side with a 5Cr filler metal, heat-treat 
the buttered segment, and complete the weld with 2%Cr. Bear in mind that the 
5Cr filler may not have high-temperature properties similar to the 24Cr, and design 
the weldment accordingly. 

In welding dissimilar materials, selection of preheating and postweld heat treat- 
ment requires a great deal of care. What is desirable for one metal may be detrimen- 
tal to another. Some compromise may be required. 

Establishing a welding procedure for welding ferritic to austenitic steels requires 
careful consideration of the service conditions. For moderate service temperatures 
(below 800°F or 427°C), where the thickness of the ferritic side does not require 
postweld heat treatment, austenitic stainless steel electrodes are often the choice. 
Some prefer electrodes such as type 309 or 310 because of their higher chrome 
content. Because of the thickness involved, the ferritic member may require some 
type of postweld heat treatment. In this case the preferred method is to butter 
the ferritic weld surface with a nickel-chrome-iron (NiCrFe) filler metal such as 
ERNiCrMo-3 (see ASME Section II Part C SFA-5.14) and postweld heat-treat the 
buttered section as required for the ferritic composition. The buttered section is 
then prepared for welding, set up with the austenitic side, and the weld between 
the butter and austenitic base metal is completed with NiCrFe filler metal without 
subsequent postweld heat treatment. See Fig. A621. 

For high-temperature service (above 800°F or 427°C) the buttering procedure 
just described is also recommended. There is a difference in coefficients of expansion 
between the ferritic and austenitic metals. This difference will result in expansion 
stresses above the yield point at the weld juncture while at operating temperature. 
At higher temperatures there is also greater probability of diffusion of carbon from 
the ferritic side to the austenitic side. The NiCrFe “butter” minimizes the carbon 
diffusion problem and has an expansion coefficient which is intermediate between 
the two base metals, thus reducing but not eliminating the thermal stress at the 
interface. Where a transition from ferritic to austenitic steels is required in high- 
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FIGURE A6.21 Dissimilar metal welds. (a) For moderate 
temperature service; (b) for high-temperature services or 
where stress relief on the ferritic side is required. 


temperature applications involving cyclic services, a transition piece of a high- 
nickel alloy such as UNS N06600 with two welds is often used to reduce thermal 
fatigue damage. 

In welding nonferrous metals to ferrous or other nonferrous metals, a filler 
metal with a melting point comparable to the lower melting point base metal is 
usually recommended. 

Nickel and nickel alloys are invariably welded to ferrous metals with nickel- 
alloy filler metals. Sulfur embrittlement can be a problem with nickel to ferritic 
welds, just as it is in nickel-to-nickel welds. Copper-nickel and nickel-copper alloys 
should not be joined with filler materials containing iron or chromium since hot 
cracking may result. 

Copper and copper alloys can be welded to carbon steel with silicon bronze or 
aluminum bronze electrodes, but the preferred method is to butter the carbon steel 
side with nickel and weld the copper to the nickel butter with nickel filler. This 
will preclude hot cracking of the copper because of iron dilution. The copper side 
may require preheat. Copper can easily be welded to nickel, copper-nickel, or nickel- 
copper filler metal. When welding nickel alloys which contain iron or chromium to 
copper, the nickel alloy should be buttered with nickel. 

Aluminum and titanium generally cannot be welded to ferrous or other nonfer- 
rous metal using currently available welding procedures, and special joining proce- 
dures must be employed. 
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Clad, Metal-Coated, and Lined Pipe. There are instances when it is economi- 
cally desirable to construct a piping system from relatively inexpensive material 
but with an interior surface having corrosion- or erosion-resistant properties. Clad 
pipe may be made by seam welding of clad plate, by weld metal overlay of the 
inside surface, or by centrifugal casting of a pipe with two metal layers. Lined pipe 
is made by welding a linear, sometimes as strips, to the inside surface of the pipe. 
Metal-coated pipe is made by dipping, metal spraying, or plating the entire 
pipe. 

Before choosing construction which requires welding of clad, lined, or metal- 
coated pipe, such factors as filler metal compatibility, filler metal strength relative 
to the base metal strength, dilution of base metal into the finished weld, and need 
for postfabrication heat treatment must be considered. Because it is not possible 
to cover the great many combinations of base metals and cladding, lining, or metal 
coatings, some examples of the more common applications will be given. 

For corrosion services, a carbon steel base material, clad or lined with austenitic 
stainless steel, is often used. The cladding is usually about 3⁄2 to 95 in thick. Where 
the inside of the weld is accessible, the preferred method is to weld the base metal 
from the outside with carbon steel filler metal, back-gouge the root from the inside, 
and weld the root from the inside with two or more passes of austenitic filler metal 
to minimize dilution from the base metal. See Fig. A6.22a. 

Where the inside surface is not accessible, a backing strip of the same composition 
as the cladding, fillet welded to the cladding on the upstream side may be used. 
The root weld between the two clad surfaces and the austenitic backing strip is 
then made with austenitic filler metal. The root weld can also be made with the 
GTAW process using austenitic filler or preplaced inserts. The carbon steel should 
be removed for a sufficient distance back to preclude dilution into the root weld. 
In most instances, the balance of the weld is usually made with austenitic filler 
metal since it is not good practice to deposit carbon steel or low-alloy steel directly 
against the stainless steel deposit. See Fig. A6.22b. In some cases, nickel-base alloys 
are used for cladding where high-temperature corrosion is involved. The joints may 
be treated much like the austenitic cladding, except that appropriate nickel-base 
filler metals are used. 

Some services require the use of carbon steel pipe nickel plated on the inside 
surface. Since the plating is relatively thin, different approaches are needed. 
First, as much fabrication as possible should be done prior to plating. For joints to 
be welded after plating, the ends to be prepared for welding should be buttered 
with nickel filler metal and machined to the required contour prior to plating. The 
root weld is made using the GTAW process with nickel filler metal. See 
Fig. A6.22c. 

Some occasions require the use of aluminized pipe. Steel pipe is prefab- 
ricated and coated with aluminum by immersion in a bath of molten aluminum 
or by metal spray. Where the inside of the weld will not be accessible for metal spray, 
one method of joining is to counterbore the ends and use a solid machined backing 
ring which is fit and welded into one side of the joint prior to coating. After coating, 
the weld is made using an appropriate base metal process and filler, taking care not 
to blister the aluminum coating on the underside of the backing ring. 

Galvanized steel pipe is often used for external corrosion applications. Since 
welding of galvanized pipe releases toxic vapors and since the welded area most 
often cannot be regalvanized, welding of galvanized pipe is not recommended. It 
is preferable that the assemblies be fabricated with provisions for mechanical joining 
in the field and then galvanized. 

For services involving erosion, carbon steel pipe is often lined with cement or 
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FIGURE A62 Examples of welding clad, lined, and plated pipe. (a) Clad 
pipe welded from both sides; (5) clad pipe welded from one side only; (c) nickel- 
plated pipe. 


some type of abrasion-resistant material which cannot be welded. In this case the 
joints are butted together to minimize the gap between the adjacent linings. The 
weld is then made between the two carbon steel weld bevels, recognizing that full 
penetration through the carbon steel joint may not be achieved and that additional 
thickness may be necessary for strength. The gap between the adjacent linings is 
usually not a problem if only erosion is present. 


Brazing and Soldering 


Brazing. For services involving the ASME Boiler and Pressure Vessel Code 
or the B31 Code for Pressure Piping, brazing procedures and brazers must be 
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qualified in accordance with ASME Section IX similar to welding procedures and 
welders. See the section “Procedure and Personnel Qualification.” 

There are a great many types of brazing processes. In establishing a brazing 
procedure, consideration must be given to the ability of the filler metal to produce 
suitable physical properties, its melting point and wettability, possible base metal 
and filler metal interactions, loss of base metal properties, increased sensitization 
to corrosion, increased hardness in the base metal due to brazing temperature, and 
the need for postbrazing heat treatments. 

Since most piping materials can be welded, the use of brazing for joining is 
rather limited. It is most often used for joining coppers and for combinations of 
metals which cannot be welded. 

Brazing is a process wherein the base metals do not melt, the filler metal has a 
liquidus above 840°F (450°C), and the filler metal wets the base metal and is drawn 
into the joint by capillary action. 

Although butt or scarf joints can be used, a lapped joint with an overlap of 3 
times the thickness of the thinner member gives the best joint efficiency and ease 
of fabrication. It should be noted that typical copper or brass fittings have a depth 
of socket based on the strength of tin-lead solders. When brazing is used, only a 
small percentage of that depth is needed. Required clearance between the faying 
surfaces usually vary from 0.001 to 0.010 in (0.025 to 0.25 mm) depending on the filler 
and flux combination used during the operation. The flux melts upon application of 
heat and is displaced by the molten filler metal. Flux residue should be removed 
after the operation is complete. Silver, copper-phosphorus, and copper-zinc filler 
metals are most often used for copper brazing. 

Torch brazing is commonly used for fabrication and installation of copper piping 
systems. For torch brazing, the type of fuel gas selected is a function of the melting 
temperature required to melt the filler metal. For piping joints NPS 2 (DN 50) and 
larger, use of a second torch to preheat may be desirable. 

In brazing metals with differing coefficients of expansion, it is preferable that 
the metal with the higher expansion coefficient form the socket and the metal of 
the lower expansion coefficient form the pipe or tube. Clearance between the parts 
at room temperature must be adjusted so there will be a suitable clearance at 
brazing temperature. On cooling, the greater contraction of the socket will put the 
joint in a compressive stress state. 

Soldering. Unlike welding and brazing, ASME Section IX has no requirements 
for qualification of soldering procedures or personnel. Soldering is much like brazing 
in that the base metals are not melted, the faying surfaces are wetted by the filler, 
and the filler is drawn into the joint by capillary action. However, the melting point 
of the filler metal is lower than 840°F (450°C) usually between 450 and 500°F (230 
and 260°C). Since the strength of soldering filler metals is considerably less than 
that of brazing fillers, a longer overlap is required to develop a joint equal to base 
metal strength. A clearance of about 0.003 in is preferred for optimum strength. 

A good soldered joint depends again on the cleanliness of the faying surfaces. 
Fluxes are used to assist in the wetting action by removing tarnish films and to 
prevent oxidation. Rosin fluxes and organic fluxes are used for most materials. 
Inorganic fluxes may be required for certain other materials that can be soldered, 
while in some cases precoating of the material with a surface that can be soldered 
may be required. Most piping applications use tin-lead solders. These range in 
composition from 5 percent tin, 95 percent lead to 70 percent tin, 30 percent lead, 
with 50 percent tin, 50 percent lead the most common. Tin-antimony and tin- 
silver solders are also frequently used. For soldering aluminum, tin-zinc and zinc- 
aluminum are used. 
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For additional information refer to the Welding Handbook and The Theory 
and Technique of Soldering and Brazing of Piping Systems? 


Heat Treatment 


Purpose. Heat treatment during piping fabrication is performed for a variety 
of reasons (i.e., to soften material for working, to relieve fabrication stresses, to 
restore metallurgical and physical properties, etc.). During fabrication, ferritic steels 
undergo phase changes during heating and cooling, while the austenitic stainless 
steels and nonferrous piping materials do not; consequently differing criteria must 
be applied. 

Ferritic Steels. Ferritic steels undergo a phase change on heating and cooling 
during fabrication operations because their principal component (iron) is allotropic; 
that is, it undergoes a change in crystalline structure with temperature. At room 
temperature iron favors a body-centered cubic (BCC) structure called alpha iron, 
but on heating to 1670°F (910°C) it changes to a face-centered cubic (FCC) structure 
called gamma iron and subsequently at 2534°F (1390°C) it reverts to a BCC called 
delta iron. The addition of carbon to the iron to form steel and additions of other 
elements such as chromium, manganese, molybdenum, and nickel to form alloys 
modify the temperatures at which transformation occurs and the manner in which 
the crystalline structure forms into grains. 

As an example, a melt of 0.30 percent carbon steel will first begin to solidify as 
delta iron and a liquid, then at about 2680°F (1479°C) to an interstitial solid solution 
of carbon in gamma iron called austenite. At about 1500°F (815°C) this will transform 
into a mixture of austenite and ferrite, which at 1333°F (721°C) becomes ferrite 
and pearlite. Ferrite is alpha iron which contains small amounts of carbon (up to 
a maximum of about 0.02 percent) in solid solution. The excess carbon not in solid 
solution with the ferrite forms as iron carbide (Fe;C) or cementite. The cementite 
forms as thin plates alternating with ferrite. This structure is known as pearlite. 

The temperatures at which the transformations occur are called critical tempera- 
tures or transformation temperatures. The lower critical temperature, usually desig- 
nated Aj, is that point on heating where the BCC ferrite and pearlite phase begins 
to transform to FCC austenitic structure, and the upper critical temperature, A3, 
is the temperature at which the transformation is complete. Between these two 
points the structure is a mix of ferrite-pearlite and austenite. These temperatures 
are of importance in postbending and postwelding heat treatments as well as qualifi- 
cation of welding procedures. 

The critical temperatures are a function of chemical composition and as such 
will vary with alloy. As an example, for 9Cr-1Mo-V, the lower critical is located 
between 1525 and 1560°F (830 and 850°C), and the upper critical is between 1650 
and 1725°F (900 and 940°C). Some approximate methods of calculating critical 
temperature are found in Welding Metallurgy* and The Making, Shaping and Treat- 
ing of Steel.” Some approximate lower critical temperatures are given in Table A6.8. 

Critical temperatures are affected by heating and cooling rates. An increase in 
heating rate will serve to increase the transformation temperatures, while an increase 
in cooling rate will tend to depress them. The more rapid the rate of heating 
or cooling, the greater the variation from the critical temperature at equilibrium 
conditions. Most sources will indicate the lower and upper critical temperatures on 
heating as A4 and Aj, respectively, and the upper and lower on cooling as the A, 
and An, respectively. In the case of our 0.30 percent carbon steel, cooling from the 
austenite phase through the critical range at a rate of 50°F/h (28°C/h) or less will 
result in the soft, ductile ferrite-pearlite structure. On the other hand, extremely 
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TABLE A6.8 Approximate Lower Critical Temperatures 


Approximate lower critical 


Material temperature [°F (°C)] 
Carbon steel 1340 (725) 
Carbon molybdenum steel 1350 (730) 
1% Cr-Ye Mo 1430 (775) 
214 Cr-1 Mo, 3 Cr-1 Mo 1480 (805) 
5 Cr-% Mo 1505 (820) 
9 Cr-1 Mo 1490 (810) 


Source: From ASME B31.1 1995 ed. 


rapid cooling from the austenite phase down to temperatures 600°F (316°C) or 
lower can result in an extremely hard structure called martensite. This is be- 
cause the austenite FCC crystals did not have time to transform to BCC ferrite 
and cementite. 

Heat treatments which are applied to ferritic steels are related to the critical 
temperatures and depending on which is applied will have differing results. These 
are annealing, normalizing, normalizing and tempering, and stress relieving. See 
Fig. A6.23. 

Annealing is used to reduce hardness, improve machinability, or produce a more 
uniform microstructure. It involves heating to a temperature above the upper critical 
or to a point within the critical range, holding for a period of time to assure 
temperature uniformity, then following with a slow furnace-controlled cooling 
through the critical range. 

Normalizing is used to refine and homogenize the grain structure and to provide 
more uniform mechanical properties and higher resistance to impact loadings. It 
involves heating to a temperature above the upper critical temperature, holding 
for a time to permit complete transformation to austenite, and cooling in still air 
from the austenitizing temperature. 

A normalized structure may be pearlitic, bainitic, or even martensitic depending 
on the cooling rate. If there is a concern for excessive hardness and attendant low 
ductility, a tempering treatment may follow the normalizing treatment. Tempering 
involves heating to a temperature below the lower critical and slowly cooling to 
room temperature, much like a stress relief. The degree of tempering depends on 
the tempering temperature selected. The higher the tempering temperature, the 
greater the degree of softening. 

A stress-relieving heat treatment is primarily intended to reduce residual stresses 
resulting from bending and welding. It involves heating to a temperature below 
the lower critical; holding for a predetermined time, depending on thickness and 
material, to permit the residual stresses to creep out; and then slowly cooling to 
room temperature. 

Some typical time-temperature cycles are shown in Table A6.7. 

Austenitic Stainless Steels. Austenitic stainless steels do not undergo phase 
changes like the ferritic steels. They remain austenitic at all temperatures and so 
heat treatments usually do not apply. When austenitic stainless steels are to be 
used in corrosive services, cold working and heating for bending may significantly 
lower their corrosion resistance. Cold working may result in residual stresses, and 
heating operations can result in sensitization. Both factors contribute to intergranu- 
lar stress corrosion cracking (IGSCC). When austenitic stainless steels are heated 
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FIGURE A6.23 Heat treatment cycles. (a) Anneal; (b) normalize; (c) stress relief; (d) 
normalize and temper. 
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in the range of about 800 to 1600°F (430 to 870°C), carbon in excess of about 0.02 
percent will come out of solution and diffuse to the grain boundaries where it 
will combine with adjacent chromium to form chromium carbide (Cr;C;). This 
phenomenon is called sensitization. These grain boundaries are then preferentially 
attacked by corrosive media. The heat treatment often applied to cold-worked and 
sensitized stainless steels to restore corrosion resistance is a carbide solution heat 
treatment. In this procedure, the material is heated to a temperature above the 
sensitization range, usually about (1950 to 2100°F (1065 to 1150°C), and held there 
sufficiently long to permit the carbides to dissolve and the carbon to go back into 
solid solution. The material is then removed from the furnace and rapidly cooled 
through the sensitization range, preferably by quenching in water. The rapid cooling 
does not give the carbon sufficient time to come out of solution, and corrosion 
resistance is restored to the sensitized area. 

Obviously carbide solution heat treatment is limited by the furnace size and 
quenching facilities. It is most fregently applied to bends but is also useful in 
reducing sensitization and residual stresses in welds. 

Nonferrous Materials. Bending and forming of nonferrous materials may result 
in undesirable work-hardening. Some nickel alloys may be subject to carbide precipi- 
tation when hot bent or formed. Materials that can be hardened by precipitation 
require other considerations. Depending on the final use, it may be desirable to 
perform some type of postbending or forming heat treatment. Because of the great 
many new materials being developed and used, it is suggested that the user contact 
the material manufacturers or material associations for their recommendations on 
the specific material and service. 

Heat Treatment Methods. Shop heat treatments are most often carried out in 
specifically designed heat treatment furnaces, but local stress relieving of welds 
may also involve induction, resistance, or torch heating. 

Above critical heat treatments, such as annealing, normalizing, and normalizing 
and tempering for ferritic steel and carbide solution heat treatment for austenitic 
stainless steels, are performed in large heat-treatment furnaces. These same furnaces 
are also used for stress-relieving heat treatments of ferritic steels. Such furnaces 
are generally fired with natural gas, propane, or low-sulfur oil. Depending on their 
design, they may attain temperatures up to 2300°F (1260°C) which covers the entire 
spectrum of temperatures commonly encountered in piping applications. Heating 
and cooling rates and holding temperatures are automatically controlled. Larger 
furnaces may have two or more zones, each independently controlled. Records of 
furnace zone temperatures and material temperatures are obtained using recording 
potentiometers. 

When assemblies are too large or furnaces are not available, local stress relieving 
of individual welds may be accomplished in the shop using electrical induction, 
electrical resistance, or gas torch heating. 

Induction equipment involves alternating current frequencies of the order of 60 
to 400 Hz. Induction generates heat within the wall of the pipe. This has the 
advantage of a more uniform temperature through the thickness with greater unifor- 
mity at the lower frequencies. The heat treatment cycle is controlled automatically 
with thermocouples attached directly on or adjacent to the weld. The weld and 
thermocouple are covered with insulating material. The induction field is generated 
in copper cables or solid or water-cooled copper coils external to the insulation. 
See Fig. A624. 

Resistance heating involves the use of direct current in suitable lengths of ni- 
chrome heating wire. Various configurations and sizes of prefabricated heating 
elements consisting of heating wires separated by ceramic beads are available 
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FIGURE A6.24 Setup for preheat, maintenance of preheat during welding, and stress relief using 
induction heating. 


commercially. Depending on the size, wall thickness, and desired heating tempera- 
ture, multiple heating units and combinations of elements may be needed. The 
weld and heating elements are covered with insulating blankets to retain the heat. 
Since heating is from one side, a somewhat wider heating band on the outside may 
be needed to assure that the inside of the pipe attains the required temperature. 
Thermocouples attached directly to the weld or adjacent to it are used to control 
heating, holding, and cooling temperatures. 

Torch heating can often be used for stress relieving, but where controlled heating 
and cooling rates are mandated, it may be less than satisfactory. Single torches may 
be used for pipe up to about NPS 3 (DN 80), but ring burners are needed for 
larger sizes. 

Exothermic heating has been used in the field and is discussed in the section *In- 
stallation." 


Heat Treatment Considerations 

Furnace Heat Treatment. To assure that heat treatments attain the results in- 
tended (i.e., correct heating and cooling rates, desired holding temperature in all 
parts, etc.), it is very important that all controlling and recording instruments be 
calibrated on a regular basis. The furnace should be inspected and a temperature 
survey made to assure that all locations within it are capable of attaining and 
maintaining specific temperatures within some reasonable tolerance. This is particu- 
larly important if the zone temperatures are used as the basis for acceptance of the 
heat treatment. If there is any concern, it might be advisable to attach thermocouples 
directly to the parts being heat-treated. 

When piping subassemblies are placed in the furnace, they should be supported 
to permit exposure of the underside to the radiant and convection heating surface. 
Supports should be located so as to avoid sagging. Care should be taken to avoid 
any flame impingement directly on surfaces being heat-treated. 

The ends of assemblies being heat-treated should be closed but not sealed to 
minimize oxidation of the inside surfaces. Occasions may arise where special surface 
finishes on the pipe inside surface or on flow meter sections could be adversely 
affected by oxidation caused by heat treatment. In such cases the inside of the 
assembly can be purged with an inert gas to minimize oxidation. 
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Assemblies should be so placed as to assure the uniform application of heat. 
Heating and cooling rates must be selected to assure heating through the full 
thickness and to minimize distortion caused by uneven heating. The faster the rate 
of heating or cooling, the more probability of distortion. Assemblies with massive 
flanges, fittings, or other unusual configurations should be treated more carefully 
than those with butt welds only. Many of the codes have specified heating and 
cooling rates which are considered reasonable. 

Local Heat Treatment. When an assembly is too large for a furnace to accommo- 
date, it may be fabricated in sections which are individually furnace heat-treated 
and later joined by welding. The final butt welds may then be locally heat-treated 
in the same fashion as field welds. The most common practice is the use of induction 
or resistance heating. When preheating is an essential part of the welding operation, 
the induction or resistance equipment can be used for preheating, maintaining 
preheat during welding, and, finally, stress relieving. 

A proper stress-relieving operation will assure that the weld and HAZ through 
the full thickness will attain the required temperature for the required time. The 
B31.1 Code requires that the heated band be at least 3 times the thickness of the 
thickest part being joined. With induction or resistance heating the heating elements 
themselves often have greater coverage. Depending on the massiveness of the joint 
being heated, one or more pieces of heating equipment may be needed. Controlling 
and recording thermocouples are located on or adjacent to the weld. Usually locally 
heat-treated shop welds are in the 5G position (pipe horizontal, weld vertical). For 
small pipe sizes, a single thermocouple located at the 12 o'clock position may suffice, 
but for larger diameters and heavier walls at least two and preferably four, located 
at 90? intervals, should be employed to assure uniformity of heating. 

Judicious use of insulating material should be employed to minimize heat loss. 
When joining parts of differing masses, concentrate more heating effort on the 
more massive part. 

If it is necessary to locally stress-relieve a branch connection, not only the branch 
weld itself but the entire circumference of the header for a distance of at least 2 
times the header thickness on either side of the branch should be heated. Heating 
of the weld alone, while resulting in a satisfactory stress relief, could distort the 
header significantly. 

Heating and cooling during local stress relief of pipe to pipe joints can be more 
rapid than for furnace applications since there is less chance of distortion unless, 
of course, the heating is not applied uniformly. Ends of the assembly should be 
closed but not sealed to reduce heat loss on the inside surface due to air flow. The 
main concern is assurance that the inside surface of the weld attains the required 
temperature for the required time. 

Local stress relieving with torches or gas ring burners can be effectively employed 
but must be limited to situations where controlled heating and cooling rates are 
not a factor. 


Code Requirements 

Postbending and Postforming Requirements. The designer of the piping system 
should specify the type of heat treatment required to assure appropriate physical, 
metallurgical, or corrosion-resistant properties. As an example, a normalize or 
normalize and temper may be required to assure certain notch toughness properties 
for nuclear or low-temperature applications, or a carbide solution heat treatment 
for cold-worked austenitic stainless steel may be required to preclude IGSCC. This 
should be agreed upon well before any fabrication starts. 

The codes have certain mandatory heat treatment requirements which must be 
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observed as a minimum, normally a stress-relieving treatment. Such heat treatment 
is usually in accordance with the postweld heat treatment tables given in the applica- 
ble code. Differing requirements apply depending on whether the bending or form- 
ing was performed hot or cold. According to B31.3, cold bending is performed at 
a temperature below the transformation range (below the lower critical), and hot 
bending is performed at a temperature above the transformation range (above the 
upper critical). B31.1 and ASME Section III make the break between hot and cold 
bending at a temperature 100°F (38°C) below the lower critical. 

B31.3 requires heat treatment after cold bending when (1) specified in the 
engineering design, (2) the calculated elongation will exceed 5 percent for materials 
requiring notch toughness properties, and (3) the calculated elongation will exceed 
50 percent of the specified minimum elongation indicated in the material specifica- 
tion for P-No.1 through P-No.6 materials. For hot bending and forming, heat treat- 
ment is required for all thicknesses of P-Nos.3, 4, 5, 6, and 10A materials. 

B31.1 and ASME Section III on the other hand require heat treatment after 
bending or forming in accordance with the postweld heat treatment table of the 
applicable code for P-No.1 materials with a nominal wall thickness exceeding ?4 in 
unless the bending or forming was completed above 1650?F (900°C). All ferritic 
alloy materials of NPS 4 (DN 100) or larger or with a nominal wall thickness of 
¥ in or greater which are hot bent or formed must receive an annealing, normalizing 
and tempering, or a tempering heat treatment to be specified by the designer, or 
if cold bent or formed, the heat treatment at the required time and temperature 
cycle specified in the postweld heat treatment table for the material involved. 

The codes have no requirements for postbending or forming heat treatments of 
austenitic stainless steels or nonferrous materials. 

Postwelding Heat Treatment Requirements. Before applying any post-welding 
heat treatment (PWHT), it should be noted that for work under ASME Section 
IX, postwelding heat treatment is an essential variable for welding procedure quali- 
fication. For ferritic materials there are five possible conditions of heat treatment, 
each requiring separate qualifications. These are: 


. No PWHT 
. PWHT below the lower critical temperature (stress relief) 


PWHT above the upper critical temperature (normalize or anneal) 
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. PWHT above the upper critical temperature, followed by heat treatment below 
the lower critical temperature (normalize and temper) 


5. PWHT between the upper and lower critical temperatures. 


For other materials, two conditions apply: no PWHT or PWHT within a specified 
temperature range. 

Accordingly, for shop work, it may be necessary to qualify welding procedures 
for several possible heat-treatment situations. For field work only the no heat 
treatment or stress-relieving situations will normally apply. 

When required by the codes, heat treatment consists of a stress-relieving opera- 
tion. Other heat treatments such as annealing, normalizing, or solution heat treat- 
ment may be applied but are not mandatory. However, the welding procedure must 
have been qualified for the heat treatment applied. 

Each code has its own definition regarding governing thicknesses, its own exemp- 
tions, differing temperature and holding requirements, heating and cooling rates, 
etc., reflecting the differing concerns and needs of individual industries. The codes 
are also constantly evolving as the committees obtain and review new data. Accord- 
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ingly, the reader should refer to the applicable edition of the code of interest 
for requirements. 

At the time of this writing, the following is a comparison of the heat treatment 
requirements for carbon steel materials. 

B31.1 requires heat treatment of P-No. 1 Gr.Nos. 1, 2, and 3 in the temperature 
range of 1100 to 1200°F (600 to 650°C) for 1 h/in (1 h/25 mm) of thickness for the 
first 2 in (50 mm) plus 15 min for each additional inch over 2 in (50 mm), with a 
15-min minimum. Exempted are welds with a nominal thickness of ?4 in (19 mm) 
or less, and a 200°F (95°C) preheat must be applied when either of the base metals 
exceed 1 in (25 mm). The nominal thickness is defined as the lesser of the thickness 
of the weld or the thicker of the base metals being joined at the weld. The thickness 
of the weld is further defined as the thicker of the abutting edges in a groove weld, 
the throat of a fillet weld, the depth of a partial penetration weld, and the depth 
of the cavity for repair welds. Thickness as it relates to branch welds is a function 
of the header thickness, the branch thickness, and reinforcing pad thickness. 

B31.1 also requires controlled heating and cooling at temperatures above 600°F 
(316°C). The rate shall not exceed 600°F/h (335°C/h) or 600?F/h (335°C/h) divided 
by one-half the maximum thickness at the weld in inches, whichever is less. 

Section III requires heat treatment of P-No. 1 materials in the temperature range 
of 1100 to 1250°F (600 to 675°C) for 30 min when the thickness is 1⁄2 in (12.7 mm) 
or less, for 1 h/in (1 h/25 mm) of thickness for thickness over !^ to 2 in (12.7 mm 
to 50 mm), and 2 h plus 15 min for each additional inch of thickness over 2 in (50 
mm). In this case the thickness is defined as the lesser of (1) the thickness of the 
weld, (2) the thinner of the pressure retaining parts being joined, or (3) for structural 
attachment welds, the thickness of the pressure retaining material. 

ASME Section III exempts P-No. 1 materials in piping systems from mandatory 
heat treatment based on thickness and carbon content. When the materials being 
joined are 1% in (38 mm) or less, the following exemptions apply: (1) a carbon 
content of 0.30 percent or less with a nominal thickness of 1% in (32 mm) or less, 
(2) a carbon content of 0.30 percent or less with a nominal wall thickness of 175 in 
(38 mm) when a preheat of 200°F (95°C) is applied, (3) a carbon content over 0.30 
percent with a nominal wall thickness of ?4 in (19 mm) or less, and (4) a carbon 
content over 0.30 percent and a nominal wall of 1% in (38 mm) or less when a 
preheat of 200°F (95°C) is applied. 

ASME Section III also requires controlled heating and cooling. Above 800°F 
(430°C) the rate shall not exceed 400°F/h (225°C/h) divided by the maximum 
thickness in inches but not to exceed 400°F/h (205°C/h). The rate need not be less 
than 100°F/h (55°C/h). Time and temperature recordings must be made available 
to the Authorized Nuclear Inspector. 

B31.5 requires heat treatment of P-No. 1 material greater than 94 in (19 mm) 
in the temperature range of 1100 to 1200°F (600 to 650°C) for 1 h/in (1 h/25 mm) 
of wall thickness with a 1 h minimum. The governing thickness is the thicker of 
the abutting edges for butt welds and the throat thickness for fillet socket and seal 
welds. Controlled heating and cooling rates are specified. 

B31.3 has similar requirements except that differing thickness definitions are 
applied to branch, fillet, and socket welds, and there are no specified heating or 
cooling rates. 

B31.4 and B31.11 both require stress relieving when the wall thickness exceeds 
1% in (32 mm), or 1% in (38 mm) if a 200°F (95°C) preheat is applied. No specific 
temperature is specified. B31.8 on the other hand requires stress relief if the carbon 
content exceeds 0.32 percent, the carbon equivalent (C + % Mn) exceeds 0.65 
percent, or the wall thickness exceeds 1% in (32 mm). Carbon steels are to be heat 
treated at 1100°F (600°C) or higher as stated in the qualified welding procedure. 


A.312 PIPING FUNDAMENTALS 


Requirements for postweld heat treatment of many different ferrous alloy steels 
are given in the various codes. As in the case of the carbon steels, there are variations 
in requirements from code to code. 

In the case of welding dissimilar metals, the codes most often specify that the 
heat treatment which invokes the higher temperature requirement be applied to 
the weld joint. In applying this criteria many factors should be considered. See the 
section “Dissimilar Metals" for some options. Another possibility is to take advan- 
tage of longer-time and lower-temperature heat treatments permitted by some 
codes. 

In the end, the best source of information for specific requirements regarding 
heat treatment is the particular code mandated by law or contract. Where none is 
invoked, the various codes can be used as guides. 


Verification Activities—Inspection, Nondestructive Examination, Testing, and 
Quality Assurance and Quality Control 


Introduction. Activities involved in verifying that fabrication meets the speci- 
fied quality level may be broadly categorized as inspection, NDE, testing and QA 
and OC. 

The terms inspection, examination, and testing are still often used interchange- 
ably. The ASME Boiler and Pressure Vessel Codes have begun to establish specific 
definitions for these terms. The B31 Codes present a mixture of usages, some 
following the ASME Boiler and Pressure Vessel Code lead, while others are less 
definitive. The reader is directed to the individual codes to see how these terms 
are used. In general, the ASME Boiler and Pressure Vessel Code practice will be 
followed in this section. 

Inspection relates to those activities performed by the owner, the owner's agent, 
or a third party. All other activities are usually performed by fabricator personnel. 

The term examination is applied to nondestructive methods of examination, 
while testing refers to traditional hydrostatic and pneumatic tests for leakage. QA 
and OC relate to in-plant or on-site programs, whose function is to control the 
various activities which affect quality. 

Inspection. Inspection, as used in ASME Section I, III and B31.1 for Boiler 
External Piping, covers those activities which the authorized inspector (AI) or 
authorized nuclear inspector (ANI) performs in verifying compliance with the 
applicable code. The AI or ANI is employed by a third party; is independent of 
the owner, fabricator, or installer; is an employee of a state or municipality in the 
United States, a Canadian province, or an insurance company authorized to write 
boiler insurance; and is qualified by written examination as required by state or 
provincial rules. 

In the B31 Piping Codes, inspection is the verification activity performed by the 
owner or the owner's agent. Specific requirements for qualification of inspectors 
are outlined in the individual code sections. 

The manner in which an inspector verifies compliance is generally left to the 
discretion of the individual. It may take the form of detailed visual examinations; 
witnessing of actual operations such as bending, welding, heat treatment, or NDEs; 
review of records; or combinations thereof. Much relies on the degree of confidence 
the inspector has in the fabricator's programs and personnel. B31.3 has mandatory 
sampling requirements for this activity. 


Examination 
Types of Examinations. When used in the various codes, examination refers 
to the verification work performed by employees of the fabricator, much of which 
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falls into the category of NDE. NDEs most often referenced by code and applied 
to the fabrication and installation of piping components and systems are: 


Visual 
Radiographic 
Ultrasonic 
Liquid penetrant 


Magnetic particle 


Eddy current examination is often used to evaluate the quality of straight lengths 
of pipe as they are manufactured but is not often used in fabrication activities. 
Although not referenced by most codes, bubble testing, halogen diode probe testing, 
or helium pass spectrometer leak testing may be invoked by contract when, in the 
opinion of the designer, they will contribute to the integrity of the system. While 
these methods are referred to as leak tests, their methodology is outlined in Article 
10 of ASME Section V Nondestructive Examination. 

Accept-reject criteria and the extent to which the various NDEs are to be applied 
are in the applicable code. 

The following are brief descriptions of NDEs as they apply to piping. For much 
more detailed information the reader is referred to various publications of the 
American Society for Nondestructive Testing (ASNT),* particularly the Nonde- 
structive Testing Handbooks. 


1. Visual examination: Visual examination is probably the oldest and most widely 
used of all examinations. It is used to ascertain alignment of surfaces, dimensions, 
surface condition, weld profiles, markings, and evidence of leaks, to name a few. 
In most instances the manner of conducting a visual examination is left to the 
discretion of the examiner or inspector, but more recently, written procedures 
outlining such things as access, lighting, angle of vision, use of direct or remote 
equipment, and checklists defining the observations required are being used. Visual 
examination takes place throughout the fabrication cycle along with OA and OC 
checks. At setup, this would consist of verifying materials, weld procedures, welder 
qualifications, filler metal, and weld alignment, and on completion of fabrication, 
such things as terminal dimensions, weld profile, surface condition, and cleanliness. 


2. Radiographic examination: When the need for greater integrity in welding 
must be demonstrated, the most frequently specified examination is radiography. 
Since the internal condition of the weld can be evaluated, it is referred to as a 
volumetric examination. 

Radiographic sources used for examination of piping are usually X-rays or 
gamma rays from radioactive isotopes. While X-ray equipment is often used, it has 
limitations in that it often requires multiple exposures for a single joint, and special 
equipment, such as linear accelerators, are needed for heavier thicknesses. Although 
X-ray machines produce films with better clarity, they are not as practical in the 
field because of space limitations and portability. In the field, radioactive isotopes 
are used almost exclusively because of their portability and case of access. For wall 
thicknesses up to about 2% in (63.5 mm) of steel, the most commonly used isotope 
is iridium 192. Beyond this cobalt 60 is used for wall thickness up to about 7 in 
(179 mm). 

Radioactive sources normally used in piping work range in intensity from a few 
curies up to about 100 curies. Each source decays in intensity in accordance with 
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its particular half-life. As the intensity decays, longer exposure times are required. 
Iridium 192 has a half-life of 75 days, while cobalt 60 has a 5.3-year half-life. 

Radioactive sources have finite dimensions and as a result produce a shadow 
effect on the film. This is referred to as geometric unsharpness, and it is directly 
proportional to the source size and inversely proportional to the distance between 
the source and the film. ASME Section V has established limits for geometric 
unsharpness. 

Ideally for pipe, the source is placed inside the pipe and at the center of the 
weld being examined, with film on the outside surface of the weld, thus permitting 
one panoramic exposure. Where geometric unsharpness precludes this practice, the 
source may be placed on the inside on the opposite wall and a portion of the weld 
is shot. Several exposures will be needed. The source may also be placed outside 
the pipe and the exposure made through two walls. Again this requires multiple 
exposures and longer exposure times. See Fig. A6.25. 

A radiograph is considered acceptable if the required essential hole or wire size 


~ 


A B C 

Opposite wall Panoramic Double wail 
Given: 1. 30-in dia. X 7-in wall C/S pipe 
2. 10 cu COgo X 0.051 dia. source 
3. 50 cu COgo X 0.125 dia. source 
4. 100 cu COgo X 0.181 dia. source 
5. Max. allowable geometric unsharpness Ug =F = 0.07 in (ASME Sect. V 

Art. 2 para. T-274) 

6. Use Kodak "AA" Film with a 2.5 film density 


Min. SFD 5.1 in for 10 cu AX 0.051 in dia. 
12.5 in for 50 cu X 0.125 in dia. 
18.1 for 100 cu X 0.181 in dia. 


Using the parameter established in 1 above as well as 5 and 6, it would 
be possible to: 


(a) Use a 10-cu source as established in 2 above and shoot the pipe 
using the panoramic technique, sketch B above, with an exposure 
time of 3 hrs or 


(b 


Use a 50-cu source as established in 3 above and shoot the pipe 
using the panoramic technique, sketch B above, with an exposure 
time of 1 hour 15 min or 


(c) Use a 100-cu source as established in 4 above and shoot the pipe 
using the opposite wall technique, sketch A above, with an 
exposure time of 50 min. As many as six exposures might be 
required—total 5 hrs. 


FIGURE A6.25 Effect of source size on radiographic technique. 
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from the image quality indicator is visible on the film. See ASME Section V for 
information on this subject. 


3. Ultrasonic examination: Ultrasonic examination is used in piping for the detec- 
tion of defects in welds and materials as well as for determining material thickness. 
A short burst of acoustic energy is transmitted into the piece being examined and 
echoes reflect from the various boundaries. An analysis of the time and amplitude 
of the echo provides the examination results. 

A clock in the equipment acts to initiate and synchronize the other elements. 
It actuates a pulsar to send a short-duration electrical signal to a transducer, usually 
at a frequency of 2.5 MHz. The transducer converts the electrical signal to mechani- 
cal vibration. The vibration as ultrasound passes through a couplant (such as glycer- 
ine) and through the part at a velocity which is a function of the material. As the 
sound reflects from various boundaries, it returns to the initiating transducer or 
sometimes to a second one where it is converted back to an electrical signal which 
is passed to a receiver amplifier for display on a cathode-ray tube. The horizontal 
axis of the display relates to time and the vertical axis relates to amplitude. The 
indication on the extreme left will show the time and amplitude of the signal 
transmitted from the transducer. Indications to the right will show the time and 
degree of reflection from various boundaries or internal discontinuities. 

The ability of an ultrasonic examination to detect discontinuities depends a great 
deal on the part geometry and defect orientation. If the plane of the defect is 
normal to the sound beam, it will act as a reflecting surface. If it is parallel to the 
sound beam, it may not present a reflecting surface and accordingly may not show 
on the oscilloscope. Therefore, the search technique must be carefully chosen to 
assure that it will cover all possible defect orientations. 

The most serious defect in a pipe butt weld is that which is oriented in the radial 
direction. The most commonly used technique for detecting such defects is the 
shear wave search. In this procedure, the transducer is located to one side of the 
weld at an angle to the pipe surface. The angle is maintained by a lucite block 
which transmits the sound from the transducer into the pipe. The sound will travel 
at an angle through the pipe and weld. Being at an angle, it will reflect from the 
pipe surfaces until it is attenuated. Any surface which is normal to the beam, 
however, will reflect a portion of the sound back to the transducer and show as an 
indication on the oscilloscope. See Fig. A6.26. If the beam angle and the material 
thickness are known, the reflecting surface can be located and evaluated. 

Prior to and periodically during each search, the equipment is calibrated against 
artificial defects of known size and orientation in a calibration block. The block 
must be representative of the material being searched (i.e., an acoustically similar 
material, with appropriate thickness, outside contour, surface finish, and heat- 
treated condition). 

A variation of ultrasonic examination can be used to measure material thickness. 
If the speed of sound within the material is known, the time it takes for the signal 
to traverse the thickness and return can be converted to a thickness measurement. 


4. Liquid penetrant examination: Penetrant-type examinations are suitable for 
surface examinations only but are very sensitive. They require a fairly smooth 
surface, since surface irregularities such as grinding mark indications can be confused 
with defect indications. The surface to be examined is thoroughly cleaned with a 
solvent and then coated with a penetrating-type fluid. Sufficient time is allowed to 
permit the fluid to penetrate into surface discontinuities. The excess penetrant is 
removed by wiping with cloths until all evidence of the penetrant is removed. A 
developer which acts somewhat like a blotter is then applied to the surface. This 
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(a) (b) 
FIGURE A6.26 Ultrasonic shear wave search. (a) Search arrangement; (b) oscilloscope. 


draws the penetrant out of the discontinuity, and it will appear on the surface as 
an indication. Obviously, the success of the examination depends on the visibility 
of the indication. To enhance this, the penetrant contains colored dyes which can 
be seen under normal light, or fluorescent dyes which are viewed under ultraviolet 
light. The most common case is a red dye penetrant with a white developer. 


5. Magnetic particle examination: Magnetic particle examination is essentially a 
surface-type examination, although some imperfections just below the surface are 
detectable. This type of examination is limited to materials which can be magnetized 
(paramagnetic materials), since it relies on the lines of force within a magnetic 
field. 

The item to be examined is subjected to a current which will produce magnetic 
lines of force within the item. The surface is then sprayed with a fine iron powder. 
The powder will align itself with the lines of force. Any discontinuity normal to 
the lines of force will produce a leakage field around it and a consequent buildup 
of powder which will pinpoint the defect. The examination must be repeated at 
90° to detect discontinuities which were parallel to the original field. 

There are a great many variations of magnetic particle examination depending 
on the manner in which the field is applied and whether the particles are wet or 
dry and fluorescent or colored. 


Methodology. The ASME Boiler and Pressure Vessel, B31.1 and B31.3, require 
certain NDEs to be performed in accordance with the methods described in ASME 
Section V Nondestructive Examination. The pipeline codes, B31.4, B31.8, and 
B31.11, refer to API-1104 for Radiographic Procedures. In some cases, particularly 
in visual examination, requirements are given but no specific methodology is stated. 
In others, alternative parameters or qualification requirements are given. The spe- 
cific requirements of the individual codes should be consulted. 

Qualification Requirements. Qualification of procedures and personnel used in 
NDEs are required by most codes. When ASME Section V or API-1104 are invoked 
by the referencing code, a written procedure is required and it must be demonstrated 
to the satisfaction of the AI, ANI, owner, or owner's agent, whichever is applicable. 
Similarly personnel who perform NDEs must be trained, qualified, and certified. 
The most frequently invoked qualification document is SNT-TC-1A%; it is also 
accepted by B31.1 for qualification of personnel performing visual examinations. 
Some codes permit alternatives, such as AWS-QC-1.* 
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TABLE A6.9 Acceptance Standards for Visual Examination 


The following indications are unacceptable: 

. Crack(s) on external surfaces 

. Undercut on surface greater than V& in (1.0 mm) deep 

. Weld reinforcement greater than specified in ASME Table 127.4.2 

Lack of fusion on surface 

. Incomplete penetration (applies only when inside surface is readily accessible) 

. Any other linear indications greater than ?4e in (5.0 mm) long 

. Surface porosity with rounded indications having dimensions greater than ?4e in 
(5.0 mm) or 4 or more rounded indications separated by 146 in (2.0 mm) or less edge to 
edge in any direction. Rounded indications are indications which are circular or ellip- 
tical with their length less than 3 times their width 


Source: From ASME B31.1 1995 ed. 


Extent of Examination. The applicable code will define the extent of examina- 
tion required for piping systems under its coverage. The degree of examination 
and the examination method and alternatives are a function of the degree of hazard 
which might be expected to occur in the event of failure. Pressure, temperature, 
toxicity of the fluid, and release of radioactive substances are some of the considera- 
tions. Added layers of examinations may be required as the perceived hazard in- 
creases. 

Accept-Reject Criteria. The applicable code will also define the items to be 
examined and the accept-reject criteria to be applied. Table A6.9 shows the accep- 
tance standards applicable to the visual examination of butt welds under B31.1. 
Other piping codes have similar but not necessarily identical criteria. 

Table A6.10 shows acceptance standards for radiographic examination. Indica- 
tions interpreted as cracks, incomplete penetration, or lack of fusion are not permit- 
ted. Porosity and elongated indications are kept within certain limits. The acceptance 
standards for ultrasonic examination are similar. 


TABLE A6.10 Acceptance Standards for Radiography 


Welds that are shown by radiography to have any of the following types of discontinuities 

are unacceptable: 

1. Any type of crack or zone of incomplete fusion or penetration 

2. Any other elongated indication with a length greater than 
a. VA in (6.0 mm) for t up to % in (19.0 mm) 
b. Vs t for t from % in (6.0 mm) to 2% in (57.0 mm) inclusive 
c. ¥% in (19.0 mm) for t over 2% in (57.0 mm) where t is the thickness of the thinner 

portion of the weld 

3. Any group of indications in a line that have an aggregate length greater than t in a 
length of 12 t, except where the distance between successive indications exceeds 6L 
where L is the longest indication in the group 

4. Porosity in excess of that shown as acceptable in Appendix A-250 of Section I of the 
Boiler and Pressure Vessel Code 

5. Root concavity when there is an abrupt change in density indicated on the radiograph 


Note: t pertains to the thickness of the weld being examined. If a weld joins two members having 
different thicknesses at the weld, t is the thinner of these thicknesses. 
Source: ASME B31.1 1995 ed. 
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TABLE A6.11 Acceptance Standards for Magnetic Particle and Liquid Penetrant 
Examinations 


The following relevant indications are unacceptable: 

1. Any cracks or linear indications 

2. Rounded indications with dimensions greater than %6 in (5.0 mm) 

3. Four or more rounded indications in a line separated by 146 in (2.0 mm) or less edge 
to edge 

4. Ten or more rounded indications in any 6 in? (3870 mm?) of surface with the major di- 
mension of this surface not to exceed 6 in (150 mm) with the area taken in the most un- 
favorable location relative to the indications being evaluated 


Source: From ASME B31.1 1995 ed. 


Both magnetic particle and liquid penetrant examinations have identical limits. 
See Table A6.11 

Other types of NDEs, such as acoustic emission, bubble testing, and mass spec- 
trometer testing, are not required by the various codes. They can be invoked by 
contract and the acceptance standards must be a matter of agreement between the 
contracting parties. 

Testing. All of the piping codes outline some type of pressure test to determine 
leak tightness. Since the completed piping system is usually subjected to some type 
of test in the field after installation, shop testing of subassemblies is infrequent. In 
those cases where the assembly cannot be field tested, where welds in the assembly 
will not be exposed for examination during the field test, and in other special 
situations, shop testing may be required. Shop testing must meet all of the require- 
ments for field testing. See the section “Installation” for particulars. 

Quality Assurance and Quality Control. ASME Section III has very specific 
requirements for OA programs. ASME Section I has requirements for OC pro- 
grams. The B31 Piping Codes do not require any formal written program at this 
time. Refer to these codes for detailed information on this subject. 


Cleaning and Packaging. Cleanliness of piping subassemblies is a matter of 
agreement between the fabricator and purchaser. As a minimum the fabricator will 
clean the inside of the subassembly of loose scale, weld spatter, machining chips, 
etc., usually with jets of compressed air. For those systems which require a greater 
degree of cleanliness several options are available. For specific information refer 
to PFI Standard ES-5 “Cleaning of Fabricated Pipe.” See also the following 
specifications published by the Steel Structures Painting Council: 


SSPC—SP 2 Hand Tool Cleaning 
SSPC—SP 3 Power Tool Cleaning 
SSPC—SP 6 Commercial Blast Cleaning 
SSPC—SP 8 Pickling 

SSPC—SP 10 Near-white Blast Cleaning 


For ferritic steels the inside surfaces may be cleaned by turbinizing to remove 
loosely adhering mill scale and heavy rust. Wire brushing and grinding may also 
be employed for removal of more tightly adhering scale, rust, etc.; however, the 
most effective method for removal of tight scale is blasting with sand, shot, or grit. 
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For guidance on blasting methods and degrees of cleanliness refer to PFI Standard 
ES-29 “Abrasive Blast Cleaning of Ferritic Piping Materials.’ 

Pickling is an equally effective method of cleaning. It is most often used for 
cleaning large quantities of straight tubes prior to fabrication or small-size (about 
NPS 4) subassemblies where blasting is not as effective. Its application is limited 
by the availability and size of pickling tanks. A hot solution of sulfuric acid (H,SO,) 
is most commonly used, although cold hydrochloric acid (HCI) is also recommended. 
See SSPC—SP 8 “Pickling.” 

For the 9Cr-1Mo-V materials, aluminum-oxide or silicon-carbide grit, sand or 
vapor blasting is preferred. Steel shot or grit which has been previously used to 
clean iron-bearing materials should be avoided. Acid pickling should also be avoided 
since damaging hydrogen embrittlement may occur. 

Austenitic stainless steels normally do not require cleaning except for a degreas- 
ing with solvent-saturated cloths to remove traces of greases or cutting oils. Subas- 
semblies which have been heated for bending or which have been given a carbide 
solution heat treatment will have a tightly adhering chromic oxide scale. Pickling 
and passivating in a solution of hydrofluoric and nitric acid will remove the scale 
and passivate the exposed surface. Here again, the equipment for pickling may 
limit the size of the subassembly. See ASTM A 380 published by the American 
Society for Testing Materials.” Blasting may also be used, but new silica sand or 
aluminum-oxide grit is required. Sand or grit previously used on ferritic pipe will 
contaminate the pipe surface with iron particles, and it will subsequently rust. 
The blasted surface should be treated with a solution of nitric acid to passivate 
the surface. 

For extreme cleanliness, steam degreasing and rinsing with demineralized water 
may be employed. 

The external surfaces of pipe may be left as is, painted, or otherwise preserved. 
See PFI Standard ES-34 “Painting of Fabricated Piping.’’* 

Depending on the need for maintaining rust-free interior surfaces, the pipe inside 
diameter may be coated with different preservatives, or desiccants may be employed 
during shipping and storage. 

For shipping, the ends of subassemblies are equipped with some type of end 
protection to preclude damage to weld end bevels or flange faces during shipment 
and field handling. See PFI Standard ES-31 “Standard for Protection of Ends of 
Fabricated Piping Assemblies.” 

During shop operations, it is common practice to move piping assemblies with 
overhead or floor cranes, usually with chain or wire rope slings. For austenitic 
stainless steels and nonferrous materials which could be damaged or contaminated, 
use of nylon slings is recommended. 


INSTALLATION 


Drawings 


Drawings used for piping system installation may vary greatly. Often orthographic 
projections of the building showing several systems or single systems, depending 
on complexity, are used. In many cases single or multiple isometric drawings of a 
single system are used. These of course are not to scale but are convenient for 
planning, progress recording, or record keeping when required by quality programs. 
In all cases where prefabricated subassemblies are being erected, these drawings 
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will have been marked up to show the locations and mark numbers of the individual 
subassemblies, the location and designations of field welds, and the locations and 
markings of hangers. 


Erection Planning 


Planning is vitally important in installing a piping system. Many factors must be 
considered, among them accessibility to the building location, coordination with 
other work, availability and accessibility of suitable welding and heat treatment 
equipment, availability and qualification of welders and welding procedures, rigging, 
scaffolding, and availability of terminal equipment. 

Each of the system components should also be carefully checked to assure 
correctness. Valves and other specialty items in particular should be checked to 
assure they are marked with flow arrows, that the handwheels or motor operators 
are properly oriented, and that the material to be welded is compatible with the 
material of the piping. Special valves for use in carbon steel systems are sometimes 
furnished as 5 percent chrome material, and thermowells are often not of the same 
chemical composition as the pipe. This may not be apparent from the drawings. 
Such a preliminary check will indicate the need for alternate welding procedures 
and preclude problems later. 

The location of the work and accessibility to it should be viewed. It may not be 
possible to install an overly long subassembly after other equipment or building 
structure is in place. A common practice in the power field is to have large, heavy 
assemblies often found in the main steam and reheat lines of large central stations 
erected with the structure. In other cases, a preliminary review may show interfer- 
ences from an existing structure, cable trays, ducts, or other piping which are not 
apparent from the drawings. The locations of the terminal points on equipment 
should be checked to assure that they are correct. The type, size, rating, or weld 
preparation of the connection should be checked to assure that it will match the 
piping. Solutions to any problems can be devised with the designer before work 
starts. 

The ideal way to begin erection is to start at some major piece of equipment 
or at a header with multiple outlets. Install the permanent hangers if possible. If 
these are to be welded to the structure, some prudence should be exercised, since 
the final location of the line may warrant some small relocation to assure that the 
hanger is properly oriented relative to the piping in its final position. Obviously a 
certain number of temporary supports will be needed. Welding of temporary sup- 
ports to the building structure or to the piping itself should be avoided or used 
only with the approval of the responsible engineers. Variable spring and constant- 
support-type hangers should normally be installed with locking pins in place, assur- 
ing that they function as a rigid support during the erection cycle. Where welded 
attachments to the pipe are involved, it is preferred that they be installed in the 
shop as part of the subassembly. 

If possible, the major components of the system should be erected in their 
approximate final position prior to the start of any welding. This will reveal any 
unusually large discrepancies which may result from equipment mislocation, fabrica- 
tion error, or tolerance accumulations. Adjustments or corrections can then be 
decided upon. Long, multiplane systems can absorb considerable tolerance accumu- 
lation without the need to modify any part. Short, rigid systems may not be able 
to accommodate any tolerance accumulation, and it may be necessary to rework 
one or more parts. 
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Cold Spring 


Both the B31.1 and B31.3 Codes address cold springing in detail. Cold spring is 
the intentional stressing and elastic deformation of the piping system during the 
erection cycle to permit the system to attain more favorable reactions and stresses 
in the operating condition. 

The usual procedure is to fabricate the system dimensions short by an amount 
equal to some percentage of the calculated expansion value in each direction. The 
system is then erected with a gap at some final closure weld, equal to the ‘‘cut 
shorts" in each direction. Forces and moments are then applied to both ends as 
necessary to bring the final joint into alignment. Once this is done, it is usually 
necessary to provide anchors on both sides of the joint to preserve alignment 
during welding, postweld heat treatment, and final examination. When the weld is 
completed and the restraining forces are removed, the resulting reactions are ab- 
sorbed by the terminal points, and the line is in a state of stress. During start-up 
the line expands as the temperature increases, and the levels of stress and terminal 
reactions resulting from the initial cold spring will decrease. For the 100 percent 
cold sprung condition, the reactions and stress will be maximum in the cold condition 
and theoretically zero in the hot condition. It should be borne in mind that it is 
very difficult to assure that a perfect cold spring has been attained and for this reason 
the codes do not permit full credit in the flexibility calculations. Also remember that 
lines operating in the creep range will ultimately attain the fully relaxed condition. 
Cold spring merely helps it get there faster. Cold spring was historically applied to 
high-temperature systems such as main steam and hot reheat lines in central power 
stations, but this practice is not as prevalent anymore. 

For those involved with the repair of lines which have been cold sprung, or 
which have achieved some degree of creep, caution should be exercised when 
cutting into such lines since the line will be in a state of stress when cold. The line 
should be anchored on either side of the proposed cut to prevent a possible accident. 


Joint Alignment 


In aligning weld joints for field welding it may be necessary to compromise between 
a perfect weld fit-up and the location of the opposite (downstream) end of the 
assembly. The weld bevel may not be perfectly square with the longitudinal axis 
of the assembly. Even a V&-in (0.8 mm) deviation across the face of the weld bevel 
can result in an unacceptable deviation from the required downstream location if 
the joint is aligned as perfectly as possible. Often such a small gap can be tolerated 
in the welding. If, in order to maintain the downstream location, the gap at the 
joint is excessive, the joint should be disassembled, and the land filed or ground as 
needed to attain the required alignment of the weld joint while still maintaining 
the required downstream position. Flanged connections should be made up hand- 
tight so that advantage can be taken of the bolt-hole clearances to translate or 
rotate the assembly for better alignment of downstream connections. 

Weld shrinkage of field welds may or may not be important in field assembly. 
In long flexible systems, they may be ignored. For more closely coupled systems, 
particularly those using GTAW root-pass welding, this factor should be considered. 
The degree of longitudinal shrinkage across a weld varies with welding process, 
heat input, thickness, and weld joint detail. See the section “Layout, Assembly, 
and Preparation for Welding." In extreme cases closure pieces may be used. Here, 
the system is completed except for the final piece. A dummy assembly is then 
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fabricated in place and the closure assembly is fabricated to match the dimensions 
of the dummy assembly with weld shrinkage of the final welds taken into account. 


Cutting, Bending, Welding, Heat Treatment, and Examination 


Cutting, bending, and welding operations in the field parallel those used in the 
shop. See the section "Fabrication." 

Mechanical and oxyfuel gas cutting are most commonly used in the field. Plasma 
cutting may occasionally be used. 

Bending, if used at all, is limited to small-diameter piping using relatively simple 
bending equipment at ambient temperatures. Occasionally in order to correct for 
misalignment, larger-diameter ferritic piping is bent at temperatures below the 
lower critical. Please note that this procedure is limited to ferritic materials. Any 
application of heat to austenitic materials will result in sensitization and loss of 
corrosion properties. See the section “Bending.” For smaller pipe sizes, torches 
may be used to supply heat, but for larger, heavier-wall materials and where better 
temperature control is warranted, heat may be applied by induction or resistance 
heating units in the same manner as local stress relieving. See the section “Local 
Heat Treatment." The heating units are applied to the section of the pipe to be 
bent. The section of the line upstream of the area to be bent should be anchored 
to preclude translation or rotation of the installed portion of the line. The anchor 
should preferably be not more than one or two pipe diameters from the area to 
be heated. Once the bend area has attained the required temperature, a bending 
force can be applied on the downstream leg of the pipe until the required bend 
arc has been obtained. Since most ferritic materials still have reasonably high 
yield strengths even at lower critical temperatures, care should be exercised. Large 
bending forces may damage the building structure or crack the line being bent. 
Apply a reasonable force for the conditions and allow the imposed stress in the 
bend arc to be relieved by the heat. Then repeat. Progress in this fashion until the 
required bend is accomplished. Some small amount of overbending may be required 
to offset the deflection which will occur in the unheated section of pipe between 
the heated arc and the pulling device. When the bend is completed and allowed 
to cool, all restraints may then be removed. Little if any force should be needed 
to align the downstream joint; otherwise additional bending may be needed to 
further correct the situation. No further heat treatment of the bend arc is needed 
since the temperatures applied in this bending method are below the lower critical 
temperature. Corrections to lines with large section modulus or where the required 
bend arc is large should preferably be made in a shop since better controls can 
be exercised. 

Field welding is more often than not in a fixed position. Welders should be 
qualified in the 6G position since this qualifies for all positions. 

Welding will be done using SMAW, GMAW, FCAW, and GTAW. Some welding 
processes can be automated using orbital welding techniques. Such practice can 
result in fewer repairs, provided the bevels and alignment are within tolerance and 
the welding parameters are carefully selected. 

Field postweld heat treatment also follows the practices outlined in the section 
“Heat Treatment" for local stress-relieving of ferritic materials. This usually involves 
induction or resistance heating units with recording devices. For small pipe welds, 
torch heating using temperature-sensitive crayons to control temperature is some- 
times used. Exothermic heating to stress-relieve welds is still used on occasion 
for outdoor applications where heating rates are not required to be controlled. 
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Exothermic materials are preformed to pipe contour and sized to reflect the wall 
thickness and desired stress-relieving temperature. They are placed around the 
weld and ignited, attaining temperature in 5 or 10 min. The actual maximum 
temperature attained may vary. 

NDE in the field will follow the practices outlined in the section ** Verification 
Activities." Radiography is usually limited to radioactive isotopes, although occa- 
sionally X-ray equipment may find a use. Most surface examination is conducted 
using liquid-penetrant methods, since magnetic particle equipment is not as conve- 
nient in the field. Ultrasonics are used for thickness verification and in certain 
situations as an alternative to radiography of welds when permitted by the govern- 
ing code. 


Mechanical Joints 


Threaded joints probably represent the oldest method of joining piping systems. 
The dimensional standards for taper pipe threads are given in ASME B1.20.1.5 
This document gives all required dimensions including number of threads per inch, 
pitch diameter, and normal engagement 
lengths for all pipe diameters. Thread 1 
cutting should be regarded as a precise tp 

ber y É angle 
machining operation. A typical thread- - x 
ing die is shown on Fig. A6.27. For steel psy, 
pipe the lip angle should be about 25°, 
but for brass it should be much smaller. 
Improper lip angle results in rough or 
torn threads. Since pipe threads are not 
perfect, joint compounds are used to 
provide leak tightness. The compounds 
selected, of course, should be compati- 
ble with the fluid carried and should be Cutting 
evaluated for possible detrimental ef- 
fects on system components. Manufac- 
turers’ recommendations should be fol- H 
lowed. ine di 

Where the presence of a joint com- Heu UE 
pound is undesirable, dryseal pipe 
threads in accordance with ASME B1.20.3 may be employed. These are primarily 
found in hydraulic and pneumatic control lines and instruments. 

Flanged joints are most often used where disassembly for maintenance is desired. 
A great deal of information regarding the selection of flange types, flange tolerances, 
facings and gasketing, and bolting is found in B16.5. The limitations regarding cast- 
iron-to-steel flanges, as well as gasket and bolting selection, should be carefully 
Observed. The governing code will usually have further requirements. 

Gasket surfaces should be carefully cleaned and inspected prior to making up 
the joint. Damaged or pitted surfaces may leak. Appropriate gaskets and bolting 
must be used. The flange contact surfaces should be aligned perfectly parallel to 
each other. Attempting to correct any angular deviation perpendicular to the flange 
faces while making up the joint may result in overstressing a portion of the bolts 
and subsequent leakage. The proper gasket should be inserted making sure that it 
is centered properly on the contact surfaces. Bolts should be tightened hand-tight. 
If necessary for alignment elsewhere, advantage may be taken of the bolt hole 


Front of OD of 
chaser i 


A.324 PIPING FUNDAMENTALS 


tolerances to translate or rotate in the plane of the flanges. In no case should 
rotation perpendicular to the flange faces be attempted. When the assembly is in 
its final location, bolts should be made up wrench-tight in a staggered sequence. 
The bolt loading should exert a compressive force of about twice that generated 
by the internal pressure to compensate not only for internal pressure but for any 
bending loads which may be imposed on the flange pair during operation. For a 
greater guarantee against leakage, torque wrenches may be employed to load each 
bolt or stud to some predetermined value. Care should be exercised to preclude 
loading beyond the yield point of the bolting. In other cases, special studs that have 
had the ends ground to permit micrometer measurement of stud elongation may 
be used. Flange pairs which are to be insulated should be carefully selected since 
the effective length of the stud or bolt will expand to a greater degree than the flange 
thicknesses, and leakage will occur. Thread lubricants should be used, particularly in 
high-temperature service to permit easier assembly and disassembly for mainte- 
nance. 


—À 


FIGURE A6.28 Compression sleeve (Dresser) coupling for plain- 
end cast-iron or steel pipe. 


There are a great variety of mechanical joints used primarily for buried cast- 
iron pipelines carrying water or low-pressure gas. They are primarily of the bell 
and spigot type with variations involving the use of bolted glands, screw-type glands, 
and various types of gasketing. The reader is referred to AWWA Standards C 111,” 
C 150, and C 600,? and to catalogs for proprietary types. For reinforced concrete 
pipe, AWWA Standards C 300,? C 301,*! and C 302,” should be consulted. Compres- 
sion-sleeve couplings such as the Dresser coupling (see Fig. A6.28) and the Victualic 
coupling (see Fig. A6.29) are widely used for above- and below-ground services, 
both with cast-iron and steel pipe. Consult the manufacturers' catalogs for more 
information. Refer to Chap. A9 of this handbook. 
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Tubing 


Copper, aluminum, steel, and stainless-steel tubing are frequently used in hydraulic, 
pneumatic, and sampling systems. Installation is most often concerned with protec- 
tion of such materials from damage, 
since they are often associated with 
control systems. The manner of pro- 
tection is left to the designer's judg- 
ment. 

Lighter wall tubing is often bent using 
small compression-type benders. Tubing 
is joined to itself and to pipe-size fitting 
and components with a variety of propri- 
etary tubing fittings which are described 
in Chap. A2. Some heavier-wall stain- 
less-steel tubing is welded using specially 
designed socket welding fittings. GTAW 
welding with filler metal added is used 
for such applications. 


FIGURE A6.29 Victualic coupling for 
grooved-end cast-iron or steel pipe. 


Pipe Supports 


This section offers some thoughts on the installation of piping supports. The design, 
manufacture, and influence of supports on the system flexibility are outlined in 
Chaps. B4 and B5 of this book. 

As pointed out earlier, economics and efficiency dictate that it is preferable to 
install the permanent supports for a system as the first step, thus minimizing the 
need for temporary supports. In so doing considerable judgment should be exercised, 
since there can be minor variations between the as-designed and as-installed line 
location. Resilient and constant-effort support should be locked with stops to pre- 
clude change in supporting effort as the line is being installed. Only after the line 
has been completely welded, tested, and insulated should the stops be removed. 
Once removed, the resilient and constant-effort supports should be carefully ad- 
justed to their “cold” positions. This may take several iterations, since adjustment 
of any one will change the loading on the adjacent ones. Systems with multiple 
constant-effort supports can be especially troublesome. Since the support design is 
most often based on theoretical values of weight of the pipe, insulation, and the 
fluid, there will be some difference between the actual and calculated supporting 
effort. Where rigid supports are involved, this variation will be taken up automati- 
cally. Where a system is designed with multiple resilient or constant-effort supports, 
every effort should be made to incorporate one or more rigid supports in the design 
to absorb the variation between actual and theoretical loads. Otherwise it may be 
necessary, with the approval of the designer, to modify the spring load-carrying 
settings. 

As the line goes to operating temperature, it should be carefully observed to 
assure that there are no unforeseen interferences with its required expansion, partic- 
ularly at nearby structures, floor sleeves, or adjacent lines or by restrained branch 
connections. Some modification may be required to assure free expansion of the 
line. All resilient supports and constant-effort supports should be checked during 
initial start-up to assure that they are functioning properly, and after the line has 
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been at operating temperature for several hours, they should be checked to verify 
that they are in the required “hot” operating condition. It may be necessary to 
readjust some units to match the calculated *hot" loading. These settings should 
be checked on a regular basis for the first few weeks of service, particularly in 
systems operating in the creep range, since the temperature will begin to relieve 
locked-in construction stresses, and the line may choose a different, more relaxed 
location. Readjustments may be required. If after some time in service, the resilient 
and constant-effort supports still require significant adjustment (i.e., the system 
cannot be balanced), a complete review of the flexibility analysis, expansion calcula- 
tions, weight calculations, hanger, design, and installation procedures should be 
made to determine the cause. Resilient and constant-effort support units which are 
not functioning in the spring range (i.e., they have become "solid" or “‘loose’’) may 
impose undesirably high stresses in the line if they are not corrected, which can 
lead to premature failure or significantly reduced system life. 


Leak Testing 


At one time, complex shapes were pressure-tested to determine their suitability 
for the service intended. This involved stressing the component to a point above 
service stresses, but below bursting stress, and was referred to as a pressure test. 
Currently most codes require some type of test to determine leak tightness rather 
than service suitability. 

The most common method of leak testing for piping systems is the hydrostatic 
test. Usually this involves water at ambient temperature as the test medium. B31.1 
requires that the system be pressurized to 1.5 times the design pressure, ASME 
III, to 1.25 times the design pressure, and B31.3 requires a test pressure of 1.5 times 
the design pressure adjusted by the ratio of the allowable stress at test temperature 
divided by the allowable stress at operating temperature. In each case, however, 
the test pressure of unisolated equipment or some function of the yield stress of 
the line material may be a limiting factor. See the applicable code for particulars. 
The line must be held at test pressure for at least 10 min, but may be reduced as 
permitted in the applicable code until the examination for leakage is complete. 

Depending on the specific situation, alternative test fluids may be employed. As 
an example, in a liquid sodium system, where water could be very hazardous, or 
in cases where the possibility of freezing exists, a hydrocarbon or other fluid might 
be used. 

In instances where water or other liquids are unacceptable, or where supports 
may not be adequate to carry the added weight of water, pneumatic tests may be 
performed. Pneumatic tests are potentially more dangerous than hydrostatic tests, 
and extreme care should be exercised. B31.1 and ASME III require the pneumatic 
test be performed at not less than 1.2 times the design pressure, while B31.3 limits 
the test to 1.1 times design. In each case, the limits regarding equipment and yield 
strength previously cited for hydrostatic tests also apply. 

Prior to the test a detailed review of the section of the line to be tested should 
be made with the following in mind: 


1. Temporary supports for those sections where the permanent supports were not 
designed to take the additional weight of the test fluid. 


2. Isolation or restraints on expansion joints. 
3. Isolation of equipment or valves which may be overstressed at test pressure. 


10. 
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Location of test pump and the need for additional test gauges if there is a 
significant head variation due to elevation differential. 


Location of vents and drains. 


Location of a relief valve to preclude excessive overpressure due to possible 
thermal expansion of the test fluid. 


Consideration of the probable ambient test temperature relative to the expected 
brittle fracture toughness of the system materials. Heating the water may be 
a solution. 


Alternative test fluid. 


Accessibility to the weld joints for inspection. Some codes require that the weld 
joints be left exposed until after the test. 


Assurance that no part of the system will exceed 90 percent of its yield strength. 


Itis advisable to prepare a written procedure outlining the scope and boundaries 


of each test to assure that it is performed in a safe manner. The codes vary a bit 
on the required test pressures, time at test pressure, pressure during inspection for 
leakage, and whether alternative tests may be performed. It is advisable to look at 
each one specifically. For more details, refer to Chap. B14 of this handbook. 
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BOLTED JOINTS 
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INTRODUCTION 


While other chapters of the Piping Handbook deal with the pressure integrity of 
the piping system, this chapter deals with managing the leak integrity of bolted 
flanged systems. It covers the main elements of a bolted joint system to provide 
an understanding of the bolted joint connection and the science of joint sealing. 

This chapter focuses exclusively on bolted joints subjected to internal pressures. 
While integrity of mechanical (structural) joints are also critical, they are not covered 
in this book. 

Oil, gas, and power plants and other process industries are under constant 
pressure to work their plants at maximum design limitations and for longer periods. 
The bolted joint is often regarded as the weak link in the plant's pressure envelope. 
Whether a pipe flange, heat exchanger, reactor manway, or valve bonnet, the joint 
integrity relies not only on the mechanical design of the flange and its components, 
but also on its condition, maintenance, and assembly. Plant personnel are looking 
for equipment to achieve leak-free joints with reduced shutdown periods while 
increasing the time between shutdowns. Similarly, flanged joints in other piping 
and distribution systems found throughout industrial, commercial, and residential 
facilities are required to maintain their structural integrity and leak tightness. 

Several standards have been written to enable designers to design bolted joints. 
Compliance to the requirements of these standards ensures mechanical integrity 
of bolted joints. However, these standards do not provide adequate and effective 
requirements or guidelines to assure leak integrity of flanged joints. 

To achieve leak integrity, a broader view of the bolted flange joint as a system 
must be adopted. Ideally, a process is to be followed that manages the key elements 
of the bolted system, which allows the design potential of the bolted joint to be 
realized and helps in achieving continued leak-free operation. 

This chapter reviews the process required to achieve flange-joint integrity. 
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COST OF A LEAK 


Some believe leaking flanges are normal and leaks cannot be prevented. Some also 
hold similar views about health and safety. Safety professionals now know that 
accidents can be prevented and that the goal of zero accidents is achievable. The 
goal of zero leaks is also achievable. Leaks are still very commonplace. A thorough 
survey throughout North American industry, performed by Pressure Vessel Re- 
search Council (PVRC), concluded that the average plant experiences 180 leaks 
per year. A breakdown of the severity of these leaks is shown in Fig. A7.1. 


The average plant experiences 180 leaks per year 


Ratio of Leaks Severity of Leaks 


— Major - Shutdown 


— Serious - High repair cost 


— Minor - Some damage 


9-17 


— Near misses - Nuisance 


158-167 pd 


FIGURE A7.1 Industry leak study (PVRC Study, July 1985). 


In a manner similar to accident ratio statistics, there is a relationship between 
minor, serious, and other dangerous events. All events represent failure in control. 
Failures in control that result in leaks cost industry millions of dollars yearly due to: 


* Emission 
* Pollution, spills 
* Rework 
* Leak sealing 
* Fires 
* Lost product 
* Late schedules 
* Forced shut downs— production losses 
Control is the issue. Leaks are controllable. Control is achieved by implementa- 


tion of a Flange Joint Integrity program. Joint Integrity is a control program that 
becomes an integral part of a plant's safety and reliability. 
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THE PROCESS OF JOINT INTEGRITY 


To assist in managing a process, ask yourself the following questions: why, what, 
who, and how? 

Why do we need a Flange Joint Integrity program? This was addressed in the 
previous section, Cost of a Leak." The stakes are enormous. A Flange Joint 
Integrity program will help improve plant safety and reliability while reducing its 
environmental impact. 

What do we need to control? The operating environment, the components, and 
assembly all need to be controlled. 

Who do we need to control? The designers, field operatives, and supervisors. 

How do we control? Train personnel to required competency. Design compo- 
nents using latest engineering standards. Develop best practices for assembly and 
maintenance. Implement a quality assurance program that provides traceability and 
ensures compliance to specifications. 

There are over 120 variables that affect flange joint integrity. These can be 
controlled through the following categories: 


* Environment (internal and external) 
* Components 
* Assembly 


The internal environment outlines the design and operating conditions of temper- 
ature, pressure, and fluid. With the external environment, consideration is given to 
location of the flange, whether it is operating in air or sub-sea, and externally 
applied piping loads. An understanding of the environment is crucial to the design 
and selection of the appropriate components with the correct assembly methods. 

The components include the most appropriately designed and selected flange, 
gasket, and bolting, commensurate with the risk dictated by the environment. 

Assembly includes checking the condition of the components and proceeding 
according to established procedures. Proper assembly requires that 


* Flange faces meet the standards 
* Gasket-seating stress is achieved 


* Bolts, nuts, and gaskets are free of defects 
* Appropriate lubrication is used 


Execution requires trained, competent people using the correct tools and follow- 


ing procedures. 
The steps in the joint integrity process are shown in Fig. A72. 


FLANGE JOINT COMPONENTS 


Flanges 


There are numerous types of flanges available. The type and material of flanges is 
dependent on the service environment. The service environment is specified in the 
Piping and Instrumentation Drawing (P&ID) and other design documents. Refer 
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Understand operating environment, construction 


Client Consultati 
i pi and maintenance schedules 
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Detailed Engineer 
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finish and gasket installation 
SEES 
Develop Comprehensive * Best practice procedures for field personnel 
Procedures specifying assembly method and equipment 
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ent Operations ‘ : 
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Verified Proof of . Quality assurance to verify that specifications 
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$ 
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Tracebility and audit trail for future 


Complets Document eriam Aids to trouble shooting and future planning 


100% Leak Prevention š Goal 


H 


FIGURE A7.2 Steps in joint integrity process. 


to Chap. B1 of this handbook. Selection of flange materials is done in conjunction 
with piping specification. 
Flange Standards 


There are a variety of standards used in the design and selection of flanges. The 
following codes and standards relate to pipe flanges: 


ASME Codes and Standards: 


B16.1 Cast Iron Flanges and Flanged Fittings 

B16.5 Pipe Flanges and Flanged Fittings 

B16.24 Bronze Flanges and Fittings—150 and 
300 Classes 

B16.42 Ductile Iron Pipe Flanges and Flanged 
Fittings—150 and 300 Classes 

B16.47 Large Diameter Steel Flanges 

Section VIII 

Division 1 Pressure Vessels 

Appendix 3 Mandatory Rules for Bolted Flange 


Connections 
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ANSI/AWWA Standards 
C-111/A21.15 Flanged C.I. Pipe with Threaded Flanges 
C-207 Steel Pipe Flanges 


API Specifications 


Spec 6A-96 Specification for Wellhead and Christ- 
mas Tree Equipment 


The two most commonly used flange standards for process and utilities pipework 
are ASME B16.5 and BS 1560 (British Standards). API 6A (American Petroleum 
Institute) specifies flanges for wellhead and Christmas tree equipment. Less common 
flange standards which may be encountered are flanges for metric or DIN standards. 

Refer to Chap. A4 for other codes and standards. 


Flange-End Connection 


The flange-end connection defines the way in which it is attached to the pipe. The 
following are commonly available standard flange end types: 


Weld-Neck (WN) Flange. Weld-neck flanges are distinguished from other types 
by their long, tapered hub and gentle transition to the region where the WN 
flange is butt-welded to the pipe. The long, tapered hub provides an important 
reinforcement of the flange, increasing its strength and resistance to dishing. WN 
flanges are typically used on arduous duties involving high pressures or hazard- 
ous fluids. 

The butt-weld may be examined by radiography or ultrasonic inspection. Usually, 
the butt-welds are subject to visual, surface, or volumetric examinations, or a combi- 
nation thereof, depending on the requirements of the code of construction for 
piping or a component. There is, therefore, a high degree of reliability in the 
integrity of the weld. A butt-weld also has good fatigue performance, and its 
presence does not induce high local stresses in the pipework. 


Socket-Weld (SW) Flange. Socket-weld flanges are often used on hazardous duties 
involving high pressure but are limited to a nominal pipe size NPS 2 (DN 50) and 
smaller. The pipe is fillet-welded to the hub of the SW flange. Radiography is not 
practical on the fillet weld; therefore correct fitting and welding is crucial. The fillet 
weld may be inspected by surface examination, magnetic particle (MP), or liquid 
penetrant (PT) examination methods. 


Slip-on Flanges. Slip-on flanges are preferred to weld-neck flanges by many users 
because of their initial low cost and ease of installation. Their calculated strength 
under internal pressure is about two-thirds of that of weld-neck flanges. They are 
typically used on low-pressure, low-hazard services such as fire water, cooling water, 
and other services. The pipe is *double-welded" to both the hub and the bore of 
the flange, but, again, radiography is not practical. MP, PT, or visual examination 
is used to check the integrity of the weld. When specified, the slip-on flanges are 
used on pipe sizes greater than NPS 2% (DN 65). 


Composite Lap-Joint Flange. This type of flanged joint is typically found on high 
alloy pipe work. It is composed of a hub, or “‘stub end," welded to the pipe and a 
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backing flange, or lapped flange, which is used to bolt the joint together. An alloy 
hub with a galvanized steel backing flange is cheaper than a complete alloy flange. 
The flange has a raised face, and sealing is achieved with a flat ring gasket. 


Swivel-Ring Flange. As with the composite lap-joint flange, a hub will be butt- 
welded to the pipe. A swivel ring sits over the hub and allows the joint to be bolted 
together. Swivel-ring flanges are normally found on sub-sea services where the 
swivel ring facilitates flange alignment. The flange is then sealed using a ring-type 
joint (RTJ) metal gasket. 


Blind Flange. Blind flanges are used to blank off the ends of piping, valves, and 
pressure vessel openings. From the standpoint of internal pressure and bolt loading, 
blind flanges, particularly in the larger sizes, are the most highly stressed of all the 
standard flanges. However, since the maximum stresses in a blind flange are bending 
stresses at the center, they can be safely permitted to be stressed more than other 
types of flanges. 

These common flange types are shown in Fig. A7.3. 


Flange Faces 


There are five types of flange faces commonly found. The surface finish of the faces 
are specified in the flange standards quoted above. 


Raised Face (RF). The raised face is the most common facing employed with 
bronze, ductile iron, and steel flanges. The RF is “sc-in high for Class 150 and Class 
300 flanges and %-in high for all pressure classes, higher than Class 300. The facing 
on a RF flange has a concentric or phonographic groove with a controlled surface 
finish. Sealing is achieved by compressing a flat, soft, or semimetallic gasket between 
mating flanges in contact with the raised face portion of the flange. 


Ring-Type Joint (RTJ). This type is typically used in the most severe duties, for 
example, in high-pressure-gas pipe work. Ring-type metal gaskets must be used on 
this type of flange facing. 


RTJ for API 6A Type 6B, BS 1560 and ASME B16.5 Flanges 

The seal is made by plastic deformation of the RTJ gasket into the groove in 
the flange, resulting in intimate metal-to-metal contact between the gasket 
and the flange groove. The faces of the two opposing flange faces do not come 
into contact because a gap is maintained by the presence of the gasket. Such 
RTJ flanges will normally have raised faces, but flat faces may also be used 
or specified. 


RTJ for API 6A Type 6BX Flanges 

API 6A Type 6BX flanges have raised faces. These flanges incorporate special 
metal ring joint gaskets. The pitch diameter of the ring is slightly greater than 
the pitch diameter of the flange groove. This factor preloads the gasket and 
creates a pressure-energized seal. A Type 6BX flange joint that does not 
achieve face-to-face contact will not seal and, therefore, must not be put into 
service. 


Flat Face (FF). Flat-face flanges are a variant of raised face flanges. Sealing is 
achieved by compression of a flat nonmetallic gasket (very rarely a flat metallic 
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b} Raised Face Socket Weld Flange 
e) Swivel Ring Flange 


RSS 


€) Raised Face Slip-On Weld Flange — d) Composite Lap Joint Flange 
FIGURE A7.3 Common flange types. 
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gasket) between the grooved surfaces of the mating FF flanges. The gasket fits over 
the entire face of the flange. FF flanges are normally used on the least arduous of 
duties, such as low pressure water piping having Class 125 and Class 250 flanges 
and flanged valves and fittings. In this case the large gasket contact area spreads 
the flange loading and reduces flange stresses. 

Note: Both ASME B16.5 and BS 1560 specify flat face flanges and raised face 
flanges as well as RTJ flanges. API 6A is specific to RTJ flanges only. 


Male and Female Facings. The female face is ?4e-in deep, the male face is V4-in 
high, and both are smooth finished. The outer diameter of the female face acts to 
locate and retain the gasket. Custom male and female facings are commonly found 
on the heat exchanger shell to channel and cover flanges. 


Tongue-and-Groove Facings. Tongue-and-groove facings are standardized in 
both large and small types. They differ from male-and-female in that the inside 
diameters of the tongue-and-groove do not extend into the flange base, thus retaining 
the gasket on its inner and outer diameter. These are commonly found on pump 
covers and valve bonnets. 


Flange Specification and Identification 


A flange is specified by the following information: 


Type and Facing. The flange is specified according to whether it is, for example, 
“weld-neck RTJ” or *socket-weld RF." Ring joint facing and RTJ gasket dimen- 
sions for ASME B16.5 are shown in Table A7.1. 


Nominal Pipe Size (NPS). This is a dimensionless designation to define the nomi- 
nal pipe size (NPS) of the connecting pipe, fitting, or nozzle. Examples include 
NPS 4 and NPS 6. 


Flange Pressure Class. This designates the pressure temperature rating of the 
flange, which is required for all flanges. Examples include Classes 150, 300, 900, 
and 1500. 


Standard. Basic flange dimensions for ASME B16.5 are shown in Table A7.2. 
Examples include ASME B16.5, BS 1560, DIN or API 6A. 


Material. A material specification for flanges must be specified and be compatible 
to the piping material specifications. 


Pipe Schedule. This is only for WN, composite lap-joint and swivel-ring flanges 
where the flange bore must match that of the pipe, such as schedule 40, 80, 120, 
and 160. 


Gaskets 


A gasket is a material or combination of materials designed to clamp between the 
mating faces of a flange joint. The primary function of gaskets is to seal the irregulari- 
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ties of each face of the flange, preventing leakage of the service fluid from inside 
the flange to the outside. The gasket must be capable of maintaining a seal during 
the operating life of the flange, provide resistance to the fluid being sealed, and 
meet the temperatures and pressure requirements. 


Gasket Standards 


There are a variety of standards that govern dimensions, tolerances, and fabrication 
of gaskets. The more common international standards are 


ASME B16.20-1997 Metallic Gaskets for Pipe Flanges, Ring- 
Joint, Spiral Wound and Jacketed 

ASME B16.21-1990 Nonmetallic Flat Gaskets for Pipe 
Flanges 

BS 4865 Part 1 Flat Ring Gaskets to Suit BS4504 and 
DIN Flange 

BS 3381 Spiral Wound Gaskets to Suit BS 1560 
Flanges 

API 6A Specification for Wellhead and Christ- 


mas Tree Equipment 


Types of Gaskets 


Gaskets can be defined into three main categories: nonmetallic, semimetallic, and 
metallic types. 


Nonmetallic Gaskets. Usually composite sheet materials are used with flat-face 
flanges and low pressure class applications. Nonmetallic gaskets are manufactured 
with nonasbestos material or compressed asbestos fiber (CAF). Nonasbestos types 
include arimid fiber, glass fiber, elastomer, Teflon (PTFE), and flexible graphite 
gaskets. Full-face gasket types are suitable for use with flat-face (FF) flanges. Flat- 
ring gasket types are suitable for use with raised faced (RF) flanges. 

Gasket dimensions for ASME B16.5 flanges are shown in Table A7.3. Gasket 
dimensions for ASME B16.47 Series A large diameter steel flanges are shown in 
Table A7.4a. Gasket dimensions for ASME B16.47 Series B large diameter steel 
flanges are shown in Table A7.4b. 


Semimetallic Gaskets. Semimetallic gaskets are composites of metal and nonme- 
tallic materials. The metal is intended to offer strength and resiliency, while the 
nonmetallic portion of a gasket provides conformability and sealability. Commonly 
used semimetallic gaskets are spiral wound, metal jacketed, camprofile, and a variety 
of metal-reinforced graphite gaskets. Semimetallic gaskets are designed for the 
widest range of operating conditions of temperature and pressure. Semimetallic 
gaskets are used on raised face, male-and-female, and tongue-and-groove 
flanges. 

Spiral Wound Gaskets. Spiral wound gaskets are the most common gaskets 
used on raised face flanges. They are used in all pressure classes from Class 150 to 
Class 2500. The part of the gasket that creates the seal between the flange faces is 
the spiral wound section. It is manufactured by winding a preformed metal strip 
and a soft filler material around a metal mandrel. The inside and outside diameters 
are reinforced by several additional metal windings with no filler. 
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TABLE A7.1 Ring Joint Facing and RTJ Gasket Dimensions 
a) ASME B16.5 Class 150 


Nominal pipe size 10 


Diameter of 
; I 13 
raised section 


Groove pitch 
diameter CLASS 150 12 %2 


Depth of groove FLANGES V4 LZ V. V4 V4 
Width NOT Wag 9 12 12 12 Wap 


Outside diameter SPECIFIED 12%6 | 15%6 | 151346 20MAe | 22%6 | 261345 


Inside diameter IN THESE 11M%e | 146 | 15946 20%6 | 21%e | 2646 


Width SIZES 546 946 546 946 he 546 


Thickness Wy Ve LE Ve LA LA 


R number 52 56 59 68 72 76 


Notes: 
1. All dimensions in inches. 
2. Ring dimensions are per ANSI B16.20. 
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TABLE A7.1 Ring Joint Facing and RTJ Gasket Dimensions 
b) ASME B16.5 Class 300 


Nominal pipe size 14 16 


Diameter of 18 20 
raised section 


Groove pitch 1615 18% 
diameter 


Depth of groove ie e 


Width Who ay) 


Outside diameter 161546 | 181546 


Inside diameter 16146 18346 


Width "Ae "Ae 


Thickness ys ys 


R number 61 65 


Notes: 
1. All dimensions in inches. 
2. Ring dimensions are per ANSI B16.20. 
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TABLE A7.1 Ring Joint Facing and RTJ Gasket Dimensions 
c) ASME B16.5 Class 600 


Nominal pipe size 14 


Diameter of 
; ‘ 18 
raised section 


Groove pitch 15 16% 
diameter 


Depth of groove 946 Ae 


Width 15⁄2 We 


Outside diameter 161346 | 181546 


Inside diameter 14%6 | 16146 


Width "Ae "Ae 


Thickness y5 95 


R number 57 61 


Notes: 
1. All dimensions in inches. 
2. Ring dimensions are per ANSI B16.20. 
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TABLE A7.1 
d) ASME B16.5 Class 900 


Nominal pipe size 


Ring Joint Facing and RTJ Gasket Dimensions 


Diameter of 
raised section 


Groove pitch 
diameter 


Depth of groove 


Width 


Outside diameter 


Inside diameter 


Width 


Thickness 


R number 


Notes: 
1. All dimensions in inches. 


USE CLASS 1500 
DIMENSIONS 
IN 
THESE SIZES 


2. Ring dimensions are per ANSI B16.20. 
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TABLE A7.1 Ring Joint Facing and RTJ Gasket Dimensions 
e) ASME B16.5 Class 1500 


Nominal pipe size 


Diameter of 
raised section 


Groove pitch 
diameter 


Depth of groove 


Width 


Outside diameter 


Inside diameter 


Width 


Thickness 


R number 


Notes: 
1. All dimensions in inches. 
2. Ring dimensions are per ANSI B16.20. 
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TABLE A7.1 Ring Joint Facing and RTJ Gasket Dimensions 
f) ASME B16.5 Class 2500 


Nominal pipe size 


Diameter of 
raised section 


Groove pitch 
diameter 


Depth of groove 


Width 


Outside diameter 


Inside diameter 


Width 


Thickness 


R number 


Notes: 
1. All dimensions in inches. 
2. Ring dimensions are per ANSI B16.20. 
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TABLE A7.2 Basic Flange Dimensions 
a) ASME B16.5 Class 150 


Nominal pipe size 


Outside diameter 


Thickness Al 


Outside diameter B 


Hub diameter C 


Slip on 


Lapped 


Weld neck 
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TABLE A7.2 Basic Flange Dimensions 
b) ASME B16.5 Class 300 


Nominal pipe size 


Outside diameter 


Thickness Al 


Outside diameter B 


Hub diameter C 


Slip on 


Lapped 


Weld neck 
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TABLE A7.2 Basic Flange Dimensions 
c) ASME B16.5 Class 600 


Nominal pipe size 


Outside diameter 


Thickness A2 


Outside diameter B 


Hub diameter C 


Slip on 


Lapped 


Weld neck 


6vg&' V 


TABLE A7.2 Basic Flange Dimensions 
d) ASME B16.5 Class 900 


Nominal pipe size 


Outside diameter 


Thickness A2 


Outside diameter B 
Use Class 1500 


Hub diameter C dimensions 
in 
these sizes 


Weld neck 
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TABLE A7.2 Basic Flange Dimensions 
e) ASME B16.5 Class 1500 


Nominal pipe size 


12 


14 


16 


Outside diameter 


12% 


14 


16 


Thickness A2 


4% 


54 


534 


Outside diameter B 


23 


2615 


29% 


32% 


Hub diameter C 


11% 


14% 


17% 


19% 


21% 


Slip on 


NOT SPECIFIED FOR CLAS 


S 1500 


Lapped 


5% 


7 


8% 


9% 


10% 


Weld neck 


8% 


10 


11% 


11% 


121A 


[E 


TABLE A7.2 Basic Flange Dimensions 
f) ASME B16.5 Class 2500 


Nominal pipe size 


Outside diameter 


Thickness A2 


Outside diameter B 


9V4 


Hub diameter C 


3% 3% | Sa 


6% 


9% 


Slip on 


NOT SPECIFIED FO 


R CLASS 2500 


Lapper 


2% 23A 3% 


4% 


6 


Weld neck 


4% 5 6% 


TA 


Class 2500 
flanges not 
specified 


in these 


sizes 


ese v 


TABLE A7.3 Gasket Dimensions for ASME B16.5 Pipe Flanges and Flange Fittings 
a) Class 150 


Class 150 gaskets Class 300 gaskets 
Nominal Number Bolt Number Bolt 
pipe Gasket of Hole circle of Hole circle 
size ID OD holes diameter diameter OD holes diameter diameter 
L 0.84 3.50 4 0.62 2.38 3.75 4 0.62 2.62 
394 1.06 3.88 4 0.62 2.75 4.62 4 0.75 3.25 
1 1.31 4.25 4 0.62 3.12 4.88 4 0.75 3.50 
1% 1.66 4.62 4 0.62 3.50 5.25 4 0.75 3.88 
1% 1.91 5.00 4 0.62 3.88 6.12 4 0.88 4.50 
2 2.38 6.00 4 0.75 4.75 6.50 8 0.75 5.00 
2V6 2.88 7.00 4 0.75 5.50 7.50 8 0.88 5.88 
3 3.50 7.50 4 0.75 6.00 825 8 0.88 6.62 
3% 4.00 8.50 8 0.75 7.00 9.00 8 0.88 7.25 
4 4.50 9.00 8 0.75 7.50 10.00 8 0.88 7.88 
5 5.56 10.00 8 0.88 8.50 11.00 8 0.88 9.25 
6 6.62 11.00 8 0.88 9.50 12.50 12 0.88 10.63 
8 8.62 13.50 8 0.88 11.75 15.00 12 1.00 13.00 
10 10.75 16.00 12 1.00 14.25 
12 12.75 19.00 12 1.00 17.00 


General note: Dimensions are in inches. 
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TABLE A7.3 Gasket Dimensions for ASME B16.5 Pipe Flanges and Flange Fittings 
b) Class 300, 400, 600 and 900 


Gasket OD 
Nomimal pipe Gasket 
size ID Glass 300 Class 400 Class 600 Class 900 
Vo 0.84 2.12 2.12 2.12 2.50 
39A 1.06 2.62 2.62 2.62 2.75 
1 1.31 2.88 2.88 2.88 3.12 
1% 1.66 3.25 3.25 3.25 3.50 
1% 1.91 3.75 3.75 3.75 3.88 
2 2.38 4.38 4.38 4.38 5.62 
2% 2.88 5.12 5.12 5.12 6.50 
3 3.50 5.88 5.88 5.88 6.62 
3% 4.00 6.50 6.38 6.38 HS 
4 4.50 7.12 7.00 7.62 8.12 
5 5.56 8.50 8.38 9.50 9.75 
6 6.62 9.88 9.75 10.50 11.38 
8 8.62 12.12 12.00 12.62 14.12 
10 10.75 14.25 14.12 15.75 17.12 
12 12.75 16.62 16.50 18.00 19.62 
14 14.00 19.12 19.00 19.38 20.50 
16 16.00 21.25 21.12 22.25 22.62 
18 18.00 23.50 23.38 24.12 25.12 
20 20.00 25.75 25.50 26.88 27.50 
24 24.00 30.50 30.25 31.12 33.00 


General note: Dimensions are in inches. 


For applications involving raised face flanges, the spiral wound gasket is supplied 
with an outer ring; for critical applications it is supplied with both outer and inner 
rings. The outer ring provides the centering capability of the gasket as well as the 
blow-out resistance of the windings and acts as a compression stop. The inner 
ring provides additional load-bearing capability from high-bolt loading. This is 
particularly advantageous in high-pressure applications. The inner ring also acts 
as a barrier to the internal fluids and provides resistance against buckling of the 
windings. 

Spiral wound-ring gaskets are also used in tongue-and-groove flanges. Inner 
rings should be used with spiral wound gaskets on male-and-female flanges, such 
as those found in heat-exchanger, shell, channel, and cover-flange joints. 

Spiral wound gaskets are designed to suit ASME B16.5 and DIN flanges. See 
Table A7.5 for dimensions for spiral wound gaskets used with ASME B16.5 flanges. 

See Table A7.6a and A7.6b for dimensions for spiral wound gaskets used with 
ASME B16.47 large diameter steel flanges. 

See Table A7.7 for inner-ring inner diameters for spiral wound gaskets. 

Camprofile Gaskets. Camprofile gaskets are made from a solid serrated metal 
core faced on each side with a soft nonmetallic material. 

The term camprofile (or kammprofile) comes from the groove profile found on 
each face of the metal core. Two profiles are commonly used: the DIN 2697 profile 
and the shallow profile. The shallow profile is similar to the DIN 2697 profile except 


TABLE A7.4a Flat Ring Gasket Dimensions for ASME B16.47 Series A (MSSSP44) 
Large Diameter Steel Flanges, Classes 150, 300, 400 and 600 


OD 
Nominal pipe 
size ID Class 150 Class 300 Class 400 Class 600 
22 22.00 26.00 27.75 27.63 28.88 
26 26.00 30.50 32.88 32.75 34.12 
28 28.00 32.75 35.38 35.12 36.00 
30 30.00 34.75 37.50 37.25 38.25 
32 32.00 37.00 39.62 39.50 40.25 
34 34.00 39.00 41.62 41.50 42.25 
36 36.00 41.25 44.00 44.00 44.50 
38 38.00 43.75 41.50 42.26 43.50 
40 40.00 45.75 43.88 44.58 45.50 
42 42.00 48.00 45.88 46.38 48.00 
44 44.00 50.25 48.00 48.50 50.00 
46 46.00 52.25 50.12 50.75 52.26 
48 48.00 54.50 52.12 53.00 54.75 
50 50.00 56.50 54.25 55.25 57.00 
52 52.00 58.75 56.25 57.26 59.00 
54 54.00 61.00 58.75 59.75 61.25 
56 56.00 63.25 60.75 61.75 63.50 
58 58.00 65.50 62.75 63.75 65.50 
60 60.00 67.50 64.75 66.25 67.75 


General note: Dimensions are in inches. 


TABLE A7.4b Flat Ring Gasket Dimensions for ASME B16.47 Series B (API 605) Large 
Diameter Steel Flanges, Classes 75, 150, 300, 400 and 600 


Nominal Gasket OD 
pipe Gasket 
size ID Class 75 Class 150 Class 300 Class 400 Class 600 
26 26.00 27.88 28.56 30.38 29.38 30.12 
28 28.00 29.88 30.56 32.50 31.50 32.25 
30 30.00 31.88 32.56 34.88 33.75 34.62 
32 32.00 33.88 34.69 37.00 35.88 36.75 
34 34.00 35.88 36.81 39.12 37.88 39.25 
36 36.00 38.31 38.88 41.25 40.25 41.25 
38 38.00 40.31 41.12 43.25 
40 40.00 42.31 43.12 45.25 
42 42.00 44.31 45.12 47.25 
44 44.00 46.50 47.12 49.25 
46 46.00 48.50 49.44 51.88 
48 48.00 50.50 51.44 53.88 
50 50.00 52.50 53.44 55.88 
52 52.00 54.62 55.44 57.88 
54 54.00 56.62 57.62 61.25 
56 56.00 58.88 59.62 62.75 
58 58.00 60.88 62.19 65.19 
60 60.00 62.88 64.19 67.12 
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TABLE A7.5 Dimensions for Spiral Wound Gaskets Used with ASME B16.5 Flanges 


Outside diameter 


of gaskets 
Flange Classes Classes Inside diameter of gasket by class Outside diameter of centering ring by class 
size 150, 300, 900, 1500, 

(NPS) 400, 600 2500 150 300 400 600 900 1500 2500 150 300 400 600 900 1500 2500 
Vo 125 125 0.75 0.75 (5) 0.75 (5) 0.75 0.75 1.88 2.13 (5) 2.13 (5) 2.50 2.75 
% 1.56 1.56 .00 1.00 (5) 1.00 (5) 1.00 1.00 2.25 2.63 (5) 2.63 (5) 2.15 3.00 

1 1.88 1.88 3 125 (5) 125 (5) 1.25 125 2.63 2.88 (5) 2.88 (5) 3.13 3.38 
1% 2.38 2.38 1.88 1.88 (5) 1.88 (5) 1.56 1.56 3.00 3.25 (5) 3.25 (5) 3.50 4.13 
1% 2.75 2.75 2:93 2.13 (5) 2.13 (5) 1.88 1.88 3.38 3.75 (5) 3:75 (5) 3.88 4.63 
2 3.38 3.38 2:75 2.75 (5) 2.75 (5) 2.31 2.31 4.13 4.38 (5) 4.38 (5) 5.63 5.75 
2% 3.88 3.88 3:25 3.25 (5) 3.25 (5) 2.75 2.75 4.88 5.13 (5) 5.13 (5) 6.50 6.63 
3 4.75 4.75 4.00 4.00 (5) 4.00 3.75 3.63 3.63 5.38 5.88 (5) 5.88 6.63 6.88 TAS 
4 5.88 5.88 5.00 5.00 4.75 4.75 4.75 4.63 4.63 6.88 7.43 7.00 7.63 8.13 825 9.25 
5 7.00 7.00 6.13 6.13 5.81 5.81 5.81 5.63 5.63 7.15 8.50 8.38 9.50 9.75 10.00 11.00 
6 825 825 7.19 7.19 6.88 6.88 6.88 6.75 6.75 8.75 9.88 9.75 10.50 11.38 T5139 12.50 
8 10.38 10.13 9.19 9.19 8.88 8.88 8.75 8.50 8.50 11.00 12.13 12.00 12.63 14.13 13.88 1525 

10 12.50 1225 11.31 11.31 10.81 10.81 10.88 10.50 10.63 13.38 1425 14.13 15.75 17.13 17.13 18.75 

12 14.75 14.50 13.38 13.38 12.88 12.88 12.75 12.75 12.50 16.13 16.63 16.50 18.00 19.63 20.50 21.63 

14 16.00 15.75 14.63 14.63 14.25 1425 14.00 14.25 (5) 17.75 19.13 19.00 19.38 20.50 22.75 

16 18.25 18.00 16.63 16.63 16.25 16.25 16.25 16.00 (5) 20.25 21.25 21.13 22.25 22.63 25.25 

18 20.75 20.50 18.69 18.69 18.50 18.50 18.25 18.25 (5) 21.63 23.50 23.38 24.13 25.13 27.15 

20 22.75 22.50 20.69 20.69 20.50 20.50 20.50 20.25 (5) 23.88 25.75 25.50 26.88 27.50 29.75 

24 27.00 26.75 24.75 24.75 24.75 24.75 24.75 24.25 (5) 28.25 30.50 30.25 31.13 33.00 35.50 
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TABLE A7.6a Dimensions for Spiral Wound Gaskets Used with ASME B16.47 Series A (MSS SP44) Flanges 


Class 150 Class 300 Class 400 Class 600 Class 900 
Gasket Centering Gasket Centering Gasket Centering Gasket Centering Gasket Centering 

Flange ring ring ring ring ring 

size Inside Outside outside Inside Outside outside Inside Outside outside Inside Outside outside Inside Outside outside 
(NPS) diameter diameter diameter diameter diameter diameter diameter diameter diameter diameter diameter ^ diameter ^ diameter diameter ^ diameter 

26 26.50 27.75 30.50 27.00 29.00 32.88 27.00 29.00 32.75 27.00 29.00 34.13 27.00 29.00 34.75 

28 28.50 29.75 32.75 29.00 31.00 35.38 29.00 31.00 35.13 29.00 31.00 36.00 29.00 31.00 37.25 

30 30.50 31.75 34.75 31.25 33.25 37.50 31.25 33.25 37.25 31.25 33.25 38.25 31.25 33.25 39.75 

32 32.50 33.88 37.00 33.50 35.50 39.63 33.50 35.50 39.50 33.50 35.50 40.25 33.50 35.50 42.25 

34 34.50 35.88 39.00 35.50 37.50 41.63 35.50 37.50 41.50 35.50 37.50 42.25 35.50 37.50 44.75 

36 36.50 38.13 41.25 37.63 39.63 44.00 37.63 39.63 44.00 37.63 39.63 44.50 37.75 39.75 47.25 

38 38.50 40.13 43.75 38.50 40.00 41.50 38.25 40.25 42.25 39.00 41.00 43.50 40.75 42.75 47.25 

40 40.50 42.13 45.75 40.25 42.13 43.88 40.38 42.38 44.38 41.25 43.25 45.50 43.25 45.25 49.25 

42 42.50 44.25 48.00 42.25 44.13 45.88 42.38 44.38 46.38 43.50 45.50 48.00 45.25 47.25 51.25 

44 44.50 46.38 50.25 44.50 46.50 48.00 44.50 46.50 48.50 45.75 47.75 50.00 47.50 49.50 53.88 

46 46.50 48.38 52.25 46.38 48.38 50.13 47.00 49.00 50.75 47.75 49.75 52.25 50.00 52.00 56.50 

48 48.50 50.38 54.50 48.63 50.63 52.13 49.00 51.00 53.00 50.00 52.00 54.75 52.00 54.00 58.50 

50 50.50 52.50 56.50 51.00 53.00 54.25 51.00 53.00 55.25 52.00 54.00 57.00 

52 52.50 54.50 58.75 53.00 55.00 56.25 53.00 55.00 57.25 54.00 56.00 59.00 

54 54.50 56.50 61.00 5525 57.25 58.75 55.25 57.25 59.75 5625 5825 61.25 

56 56.50 58.50 63.25 5725 59.25 60.75 57.25 59.25 61.75 58.25 60.25 63.50 

58 58.50 60.50 65.50 59.50 61.50 62.75 59.25 61.25 63.75 60.50 62.50 65.50 

60 60.50 62.50 67.50 61.50 63.50 64.75 61.75 63.75 66.25 62.75 64.75 68.25 
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TABLE A7.6b 


Dimensions for Spiral Wound Gaskets Used with ASME B16.47 Series B (API 605) Flanges 


0.117 in.- 0.131 in. 


t thick Centering ring 


Bolt and 
bolt hole 


Inner ring [Note (1)], 
0.112 in.- 0.131 in. thick 

App roximata Gasket inside diameter 

0.06 in. 


(bead) Gasket outside diameter 


Clearance Bolt 
0.06 in. diameter Centering ring outside diameter 
Class 150 Class 300 Class 400 Class 500 Class 900 
Gasket Centering Gasket Centering Gasket Centering Gasket Centering Gasket Centering 

Flange ring eS St ring = ring EL E RI ring BÀ ring 

size Inside Outside outside Inside Outside outside Inside Outside outside Inside Outside outside Inside Outside outside 
(NPS) diameter diameter diameter diameter diameter diameter diameter diameter diameter diameter diameter diameter ^ diameter diameter ^ diameter 

26 26.50 27.50 28.56 26.50 28.00 30.38 26.25 27.50 29.38 26.13 28.13 30.13 2725 29.50 33.00 

28 28.50 29.50 30.56 28.50 30.00 32.50 28.13 29.50 31.50 27.75 29.75 32.25 29.25 31.50 35.50 

30 30.50 31.50 32.56 30.50 32.00 34.88 30.13 31.75 33.75 30.63 32.63 34.63 31.75 33.75 37:75 

32 32.50 33.50 34.69 32.50 34.00 37.00 32.00 33.88 35.88 32.75 34.75 36.75 34.00 36.00 40.00 

34 34.50 35.75 36.81 34.50 36.00 39.13 34.13 35.88 37.88 35.00 37.00 39.25 36.25 38.25 42.25 

36 36.50 37.75 38.88 36.50 38.00 41.25 36.13 38.00 40.25 37.00 39.00 41.25 37.25 39.25 44.25 

38 38.37 39.75 41.13 39.75 41.25 43.25 38.25 40.25 42.25 39.00 41.00 43.50 40.75 42.75 47.25 

40 40.25 41.88 43.13 41.75 43.25 45.25 40.38 42.38 44.38 41.25 43.25 45.50 43.25 45.25 49.25 

42 42.50 43.88 45.13 43.75 45.25 47.25 42.38 44.38 46.38 43.50 45.50 48.00 45.25 47.25 51.25 

44 44.25 45.88 47.13 45.75 47.25 49.25 44.50 46.50 48.50 45.75 47.75 50.00 47.50 49.50 53.88 

46 46.50 48.19 49.44 47.88 49.38 51.88 47.00 49.00 50.75 47.75 49.75 52.25 50.00 52.00 56.50 

48 48.50 50.00 51.44 49.75 51.63 53.88 49.00 51.00 53.00 50.00 52.00 54.75 52.00 54.00 58.50 

50 50.50 52.19 53.44 51.88 53.38 55.88 51.00 53.00 55.25 52.00 54.00 57.00 

52 52.50 54.19 55.44 53.88 55.38 57.88 53.00 55.00 57.25 54.00 56.00 59.00 

54 54.50 56.00 57.63 55.25 57.25 60.25 5525 5725 59.75 56.25 58.25 61.25 

56 56.88 58.18 59.63 5825 60.00 62.75 57.25 59.25 61.75 58.25 60.25 63.50 

58 59.07 60.19 62.19 60.44 61.94 65.19 59.25 61.25 63.75 60.50 62.50 65.50 

60 61.31 62.44 64.19 62.56 64.19 67.19 61.75 63.75 66.25 62.75 64.75 68.25 
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TABLE A7.7 Inner Ring Inside Dimensions for Spiral Wound Gaskets 


Flange Pressure class 
size 
(NPS) 150 300 400 600 900 1500 2500 
L^ 0.56 0.56 0.56 0.56 0.56 
Ya 0.81 0.81 0.81 0.81 0.81 
1 1.06 1.06 1.06 1.06 1.06 
11⁄4 1.50 1.50 1.50 1.31 1.31 
1% 1.75 1.75 1:75 1.63 1.63 
2 2.19 2.19 2.19 2.06 2.06 
2% 2.62 2.62 2.62 2.50 2.50 
3 3.19 3.19 3.19 3.19 3.19 3.19 
4 4.19 4.19 4.19 4.19 4.19 4.19 4.19 
5 5.19 5.19 5.19 5.19 5.19 5.19 5.19 
6 6.19 6.19 6.19 6.19 6.19 6.19 6.19 
8 8.50 8.50 8.25 8.25 825 8.12 7.88 
10 10.56 10.56 10.25 10.25 10.25 10.15 9.75 
12 12.50 12.50 12.50 12.50 12.38 12.38 11.50 
14 13.75 13.75 13.75 13.75 13.50 13.38 
16 15.75 15.75 15.75 15.75 15.50 15.25 
18 17.69 17.69 17.69 17.69 17.50 17.25 
20 19.69 19.69 19.69 19.69 19.50 19.25 
24 23.75 23.75 23.75 23.75 23.75 22.15 


that the groove depth is 0.5 mm (versus 0.75 mm for DIN 2697). This allows for a 
cost advantage for the shallow profile. The profile can be made from sheet metal 
or strip with a thickness of 3 mm instead of a thickness of 4 mm for DIN profile. 
For the original German Standard see Fig. A7.4, DIN 2697, Profile for Cam- 
profile Gasket. 

The most common facing for camprofile gaskets is flexible graphite. Other facings 
such as expanded or sintered PTFE and CAF are also used. The camprofile gasket 
combines the strength, blowout, and creep resistance of a metal core with a soft 
sealing material that conforms to the flange faces providing a seal. Standard cam- 
profile gaskets are available to suit ASME B16.5, BS1560, and DIN 2697. These 
dimensions are shown in Table A7.8, Camprofile Dimensions to Suit Standard 
Flanges. 


FIGURE A7.4 DIN 2697 Profile for camprofile gasket. 


BOLTED JOINTS A.359 


TABLE A7.8  Camprofile Dimensions to Suit Standard Flanges 
a) Suit ASME B16.5 and BS 1560 Flanges Class 150 to 2500 


Style PN, ZG & ZA to suit ASME B16.5 and BS 1560 flanges class 150 up to 2500 


Dimensions in inches 150 300 400 600 900 1500 2500 


NPS d3 
Ve 
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TABLE A7.8 Camprofile Dimensions to Suit Standard Flanges 
b) Suit DIN 2697 PN 64 to PN 400 


Style PN, ZG & ZA in accordance with DIN 2697, PN64 to PN400 


Dimensions in mm 64 100 160 250 320 


DN di d2 


10 22 40 


15 25 45 


25 36 68 


40 50 88 


50 62 


65 74 


80 90 


Camprofile gaskets are used on all pressure classes from Class 150 to Class 2500 
in a wide variety of service fluids and operating temperatures. 

Jacketed Gaskets.  Jacketed gaskets are made from a nonmetallic gasket mate- 
rial enveloped in a metallic sheath. This inexpensive gasket arrangement is used 
occasionally on standard flange assemblies, valves, and pumps. Jacketed gaskets 
are easily fabricated in a variety of sizes and shapes and are an inexpensive 
gasket for heat exchangers, shell, channel, and cover flange joints. Their metal 
seal makes them unforgiving to irregular flange finishes and cyclic operating condi- 
tions. 

Jacketed gaskets come in a variety of metal envelope styles. The most common 
style is double jacketed, shown in Fig. A7.5. 
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Metallic Gaskets. Metallic gaskets are 
fabricated from one or a combination 
of metals to the desired shape and size. 
Common metallic gaskets are ring-joint 
gaskets and lens rings. They are suitable 
for high-temperature and pressure ap- 
plications and require high-bolt loads 
to seal. 

Ring-Joint Gaskets. Standard ring- 
joint gaskets can be categorized into 
three groups: Style R, RX, and BX. 

They are manufactured to API 6A 
and ASME B16.20 standards. 

Dimensions of Style R gaskets are 
shown in Table A7.1. 

Style R gaskets are either oval or oc- 
tagonal. Style RX is a pressure-ener- 
gized adaptation of the standard Style 
R ring-joint gasket. The RX is designed 
to fit the same groove design as the Stan- 
dard Style R. These gasket styles are 
shown in Fig. A7.6. Dimensions of RX 
gaskets are shown in Table A7.9. 

Style BX pressure-energized ring 
joints are designed for use on pressur- 
ized systems up to 20,000 psi (138 MPa). 
Flange faces using BX-style gaskets will 
come in contact with each other when 
the gasket is correctly fitted and bolted 
up. The BX gasket incorporates a pres- 
sure-balance hole to ensure equalization 
of pressure which may be trapped in the 
grooves. Dimensions of BX gaskets are 
shown in Table A7.10. 

Lens Rings Gaskets. Lens rings gaskets have a spherical surface and are suited 
for use with conical flange faces manufactured to DIN 2696. They are used in 
specialized high-pressure and high-temperature applications. Standard lens rings 
gaskets in accordance with DIN-2696 are shown in Table A7.11. 

Other specialty metallic seals are available, including welded-membrane gaskets 
and weld-ring gaskets. These gaskets come in pairs and are seal-welded to their 
mating flanges and to each other to provide a zero-leakage high-integrity seal. 


FIGURE A7.5 Double-jacketed gaskets. 


Bolts and Nuts 


Bolts and nuts provide for clamping of the flange and gasket components. Bolting 
is a term that includes studbolts, nuts, and washers. 


Bolting Standards. The following are international standards that pertain to 
bolting: 

ASME B1.1 Unified Inch Screw Threads 

ASME B18.2.1 Square and Hex Bolts and Screws 
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ASME B18.22 
ASME B1821.1 
ASME B18.22.1 
ASTM F436 

BS 4882 
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Oval Octagonal 
The oval profile An adaptation of 
provided the the oval design. 
original ring 
joint design. 


Oval Octagonal 


FIGURE A7.6 Style R (oval and octagonal) and 
RX gaskets. 


Square and Hex Nuts 

Lock Washers 

Plain Washers 

Mechanical Properties of Plain Washers 


Bolting for Flanges and Pressure Con- 
taining Purposes 


Bolts. A bolt is a fastener with a head integral with the shank and threaded at 
the opposite end. Bolting for flanges and pressure-containing purposes are usually 
studbolts. Studbolts are fasteners that are threaded at both ends or for the whole 
length. The general forms of studbolts are shown in Fig. A7.7. Screw threads for 
studbolts for all materials are shown in Table A7.12. The nominal length of an 
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TABLE A7.9 Type RX Ring Gasket Dimensions 


Outside Width Width Height of Height Radius Hole 
Ring diameter of ring of flat outside of ring in ring size 
number of ring OD A C bevel D H R E 
RX-20 3.000 0.344 0.182 0.125 0.750 0.06 N/A 
RX-23 3.672 0.469 0.254 0.167 1.000 0.06 N/A 
RX-24 4.172 0.469 0.254 0.167 1.000 0.06 N/A 
RX-25 4.313 0.344 0.182 0.125 0.750 0.06 N/A 
RX-26 4.406 0.469 0.254 0.167 1.000 0.06 N/A 
RX-27 4.656 0.469 0.254 0.167 1.000 0.06 N/A 
RX-31 5.297 0.469 0.254 0.167 1.000 0.06 N/A 
RX-35 5.797 0.469 0.254 0.167 1.000 0.06 N/A 
RX-37 6.297 0.469 0.254 0.167 1.000 0.06 N/A 
RX-39 6.797 0.469 0.254 0.167 1.000 0.06 N/A 
RX-41 7.547 0.469 0.254 0.167 1.000 0.06 N/A 
RX-44 8.047 0.469 0.254 0.167 1.000 0.06 N/A 
RX-45 8.734 0.469 0.254 0.167 1.000 0.06 N/A 
RX-46 8.750 0.531 0.263 0.188 1.125 0.06 N/A 
RX-47 9.656 0.781 0.407 0.271 1.625 0.09 N/A 
RX-49 11.047 0.469 0.254 0.167 1.000 0.06 N/A 
RX-50 11.156 0.656 0.335 0.208 1.250 0.06 N/A 
RX-53 13.172 0.469 0.254 0.167 1.000 0.06 N/A 
RX-54 13.281 0.656 0.335 0.208 1.250 0.06 N/A 
RX-57 15.422 0.469 0.254 0.167 1.000 0.06 N/A 
RX-63 17.391 1.063 0.582 0.333 2.000 0.09 N/A 
RX-65 18.922 0.469 0.254 0.167 1.000 0.06 N/A 
RX-66 18.031 0.656 0.335 0.208 1.250 0.06 N/A 
RX-69 21.422 0.469 0.254 0.167 1.000 0.06 N/A 
RX-70 21.656 0.781 0.407 0.271 1.625 0.09 N/A 
RX-73 23.469 0.531 0.263 0.208 1.250 0.06 N/A 
RX-74 23.656 0.781 0.407 0.271 1.625 0.09 N/A 
RX-82 2.672 0.469 0.254 0.167 1.000 0.06 0.06 
RX-84 2.922 0.469 0.254 0.167 1.000 0.06 0.06 
RX-85 3.547 0.531 0.263 0.167 1.000 0.06 0.06 
RX-86 4.078 0.594 0.335 0.188 1.125 0.06 0.09 
RX-87 4.453 0.594 0.335 0.188 1.125 0.06 0.09 
RX-88 5.484 0.688 0.407 0.208 1.250 0.06 0.12 
RX-89 5.109 0.719 0.407 0.208 1.250 0.06 0.12 
RX-90 6.875 0.781 0.479 0.292 1.750 0.09 0.12 
RX-91 11.297 1.188 0.780 0.297 1.781 0.09 0.12 
RX-99 9.672 0.469 0.254 0.167 1.000 0.06 N/A 
RX-201 2.026 0.226 0.126 0.057 0.445 0.02 N/A 
RX-205 2.453 0.219 0.120 0.072 0.437 0.02 N/A 
RX-210 3.844 0.375 0.213 0.125 0.750 0.03 N/A 


RX-215 5.547 0.469 0.210 0.167 1.000 0.06 N/A 
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TABLE A7.10 Type BX Ring Gasket Dimensions 


Nominal Outside Height Width Diameter Width Hole 


Ring size diameter of ring of ring of flat of flat size 
number (in) of ring OD H A ODT C D 
BX-150 16 2.842 0.366 0.366 2.790 0.314 0.06 
BX-151 17946 3.008 0.379 0.379 2.954 0.325 0.06 
BX-152 26 3.334 0.403 0.403 3.277 0.346 0.06 
BX-153 2946 3.974 0.448 0.448 3.910 0.385 0.06 
BX-154 36 4.600 0.488 0.488 4.531 0.419 0.06 
BX-155 4e 5.825 0.560 0.560 5.746 0.481 0.06 
BX-156 Tre 9.367 0.733 0.733 9.263 0.629 0.12 
BX-157 9 11.593 0.826 0.826 11.476 0.709 0.12 
BX-158 11 13.860 0.911 0.911 13.731 0.782 0.12 
BX-159 13% 16.800 1.012 1.012 16.657 0.869 0.12 
BX-160 13% 15.850 0.938 0.541 15.717 0.408 0.12 
BX-161 16% 19.347 1.105 0.638 19.191 0.482 0.12 
BX-162 16% 18.720 0.560 0.560 18.641 0.481 0.06 
BX-163 18% 21.896 1.185 0.684 21.728 0.516 0.12 
BX-164 18% 22.463 1.185 0.968 22.295 0.800 0.12 
BX-165 21% 24.595 1.261 0.728 24.417 0.550 0.12 
BX-166 21% 25.198 1.261 1.029 25.020 0.851 0.12 
BX-167 26% 29.896 1.412 0.516 29.696 0.316 0.06 
BX-168 26% 30.128 0.142 0.632 29.928 0.432 0.06 
BX-169 5% 6.831 0.624 0.509 6.743 0.421 0.06 
BX-170 6% 8.584 0.560 0.560 8.505 0.481 0.06 
BX-171 8%e 10.529 0.560 0.560 10.450 0.481 0.06 
BX-172 11982 13.113 0.560 0.560 13.034 0.481 0.06 


BX-303 30 33.573 1.494 0.668 33.361 0.457 0.06 


inch-series studbolt is the overall length, excluding the point at each end. The ends 
of the studbolt are finished with a point having an included angle of approximately 
90 degrees to a depth slightly exceeding the depth of the thread. Markings indicating 
the grade of studbolt are applied to one end of the studbolt. 

The minimum length of the studbolt should ensure full engagement of the nut 
such that the point protrudes above the face of the nut. For applications that utilize 
hydraulic stud-tensioning tools for tightening, one bolt-diameter is added to this 
minimum length. Hydraulic stud tensioning and other tightening methods are cov- 
ered later in this chapter. While there is no maximum length of thread, unnecessarily 
long studs are avoided due to cost and to prevent corrosion and other damage to 
exposed threads, which would make subsequent removal difficult. 


Nuts 


Heavy Series. Heavy-series nuts are generally used with studs on pressure 
piping. The nonbearing face of a nut has a 30-degree chamfer, while its bearing 
face is finished with a washer face. Dimensions of heavy-series nuts are shown in 
Table A7.13. 
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TABLE A7.11 Lens Rings Gasket Dimensions in Accordance with DIN 2696 


d, middle 
Nominal pipe S for d contact 
size DN in. 3 di max diameter 


minal pressure PN64—400 


21 7 17.1 
28 8.5 22 
43 11 34 
62 14 48 
78 16 60 
102 20 76.6 
116 22 88.2 
108 143 26 116 
135 180 29 149 
158 210 33 171 


Nominal pressure PN64 and 100 


183 243 41 202.5 
206 276 35 225 
257 332 37 277.7 
305 385 40 323.5 
348 425 41 368 
395 475 42 417.2 


Nominal pressure PN160—400 


177 243 37 202.5 
200 276 40 225 

246 332 46 277.7 
285 385 50 323.5 


Avoid nominal pipe sizes in brackets. 
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Length of Nominal length 


point 


(a) Studbolt threaded full length 
Nominal length 


Length of thread = 


nominal dia. plus 0.375 [— Dia. of plain portion 


A 


Y 


(b) Studbolt threaded each end with nominal diameter portion at center 


Nominal length 
mal » 


Length of thread — Min.R- 1/811 


i —————— 1 3/16>142 
al dia. plus 0.3 
nominal dia. plus 0.375 | 1/4»2 
[————————3À4 D 


[ py L. Co V 
Reduced dia. = 0.95 x minor dia. 


(c) Studbolt threaded each end with reduced diameter portion at center 


Length of thread Le Nominal length E 


plus length of 


4 » 
reduced dia. -— Length of reduced dia. 
- 0.6 X nominal dia. 
Length of thread = Dia. of plai ; 
nominal dia. plus 0.375 [~ Dia. of plain portion 
Kd A N 


iB R 0.375 min. A Min.R- 1/811 


Reduced dia. = 0.95 X =3/16>172 
min. minor dia. =1/4>2 


(d) Studbolt threaded each end with two reduced diameter portions and nominal diameter portion at center 


Dimensions are in inches. 


NOTE 1. Exclusion of length to points from nominal length is in agreement with USA oil industry practice. 
NOTE 2. Dimensions at each end are the same for all designs. Centering holes are permitted in types (c) and (d). 


FIGURE A7.7 Dimensions of studbolts—inch series. 
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TABLE A7.12 Pitch of Screw Threads for Studbolts 


a) Metric sizes 


Nominal diameter Pitch 


«M27 ISO Metric coarse (see BS 3643) 


=M30 < M43 3 mm 
=M45 x M100 4mm 


b) Inch sizes 


Nominal diameter Pitch 


<1 inch ISO Unified inch coarse (UNC) 
= 1% inch 8 threads/in UN Series 


Lock Nuts. The primary purpose of a self-locking nut is to resist loosening 
under service conditions experiencing vibration and shock. The self-locking nut 
produces an interference fit between the bolt threads and the nut threads. Most 
common self-locking nuts contain a nylon insert. The degree of interference is 
controlled during manufacture of the nylon-insert minor diameter. The elastic nature 
of the nylon provides uniform reaction from nut to nut. Generally, in pressure-piping 
systems, the primary concern is obtaining and maintaining proper stud preload to 
affect the gasket seal. Vibration is not normally a concern in these applications, 
and in situations where vibration is prevalent, adequate preload control will prevent 
nut rotation and loosening. 


Washers 


Flat Washers. Flat washers are used principally to minimize embedment of 
the nut and to aid torquing. Plain washers are manufactured in accordance with 
standard ANSI/ASME B18.22.1. Hardened washers are utilized in high-torque 
applications. Suitable mechanical properties for hardened, stamped, plain washers 
are covered by ASTM F436. Applicable properties for plain washers rolled from 
wire shall be AISI 1060 steel or equivalent, heat treated to a hardness of Rockwell 
C 45-53. 

Dimensions of preferred sizes of Type A plain washers are shown in Table 
A7.14. 

Live Loading. Live loading using belleville springs improves the elasticity of 
the flange joint. A belleville spring is a washer that is dished in the center to give 
it a cone shape. The cone shape provides for a very stiff spring, in comparison to 
coil springs. The cone will deflect and flatten at a specified spring rate (ratio of 
load to deflection) when subjected to the axial load (Fp) generated in a stud. Figure 
A7.8 shows a section of a belleville spring. Belleville springs are described by the 
following dimensions: 


OD = outside diameter 
ID = inside diameter 
t = material thickness 
h = deflection to flat 
H = overall height 
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TABLE A7.13 Dimensions of Heavy Series Nut— Metric Series 


Width across 

Width across flats s corners e Thickness m 

Nominal size Tolerance on 
and pitch max i min i squareness 


mm mm mm 
M10 x 1.5 16.00 17.59 0.29 
M12 x 1.75 18.00 19.85 0.32 
(M14 X 2) 21.00 22.78 0.37 
M16 x 2 24.00 26.17 0.41 
M20 x 2.5 30.00 32.95 0.51 
(M22 X 2.5) 34.00 37.29 0.54 
M24 x 3 36.00 39.55 0.61 
M27 X3 41.00 45.20 0.70 
M30 x 3 46.00 50.85 0.78 
M33 X 3 50.00 55.37 0.85 
M36 x 3 55.00 60.79 0.94 
M39 x 3 60.00 66.44 1.03 
M42 X 3 65.00 72.09 1.11 
M45 X 4 70.00 77.74 1.20 
M48 X 4 75.00 83.39 1.29 
M52 x 4 80.00 89.04 
M56 x4 85.00 94.47 
M64 x 4 95.00 105.77 
M70 x 4 100.00 114.42 
M72 Xx 4 105.00 117.07 
M76 x 4 110.00 122.72 
M82 x 4 120.00 134.01 
M90 x 4 130.00 145.32 
M95 x 4 135.00 150.97 
M100 x 4 145.00 162.27 
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TABLE A7.13 Dimensions of Heavy Series Nut—Inch Series 


Washer 


Width across Width 
flat s across Diameter d, T" DNI 
Nominal Threads corners e Thickness UR 


size per inch max i max min H max min squareness 


in threads/in in i i in in i in in in 

13 0.875 0.836 0.808 0.464 0.015 
11 1.062 1.013 0.979 0.587 0.016 
1.250 1.189 1.150 0.710 0.019 
1.438 1.366 1.324 0.833 0.023 
1.625 1.539 1.496 0.956 0.023 
1.812 1.710 1.668 1.079 0.027 
2.000 1.892 1.841 1.187 0.027 
2.188 2.070 2.013 1.310 0.030 
2.375 s 2.251 2.185 1.433 0.030 
2.562 2.433 2.857 1.566 0.030 
2.750 2.605 2.529 1.679 0.030 
2.938 2.779 2.702 1.802 0.035 
3.125 A 2.949 2.874 1.925 0.035 
3.500 3.296 3.219 2.155 0.040 
3.875 3.65 3.563 2.401 0.045 
4.250 $ 4.012 3.906 2.647 0.050 
4.625 4.373 4.251 3.893 0.055 
5.375 E I 5.061 4.94 3.370 0.060 
5.750 5.42 5.27 3.616 0.065 
6.125 5.78 5.62 3.862 0.070 


No) 


Oo 00 00 Oo OO Oo OO OO OOo OO OO OO OO OO OO OO 


Flange assemblies always tend to relax in time, particularly at elevated tempera- 
tures. The rate of relaxation is dependent on many factors, including embedment 
relaxation of studs and nuts, flange rotation, bolt creep, and gasket creep. The 
relaxation phenomenon is covered more fully in the section “Behavior of the 
Flanged Joint System." The high load-deflection or spring rate, characteristics of 
belleville springs, aid in maintaining bolt preload, compensating for some of the 
joint relaxation. 

The spring rate of a belleville spring depends on geometry, material, and loading 
conditions. The load-deflection characteristics can be varied by stacking springs in 
combinations of series and parallel stacks. Figure A7.9 shows load-deflection curves 


TABLE A7.14 Dimensions of Preferred Sizes of Type A Plain Washers 


A B 


Inside diameter Outside diameter 


Normal tolerance tolerance Thickness 


washer 
size Basic Plus Minus | Basic Plus Minus | Basic Max Min 


No. % 0.625 N | 0.656 0.030 0.007 | 1.312 0.030 0.007 | 0.005 0.121 0.074 
5% 0.625 W | 0.688 0.030 0.007 | 1.750 0.030 0.007 | 0.134 0.160 0.108 
940.750 N | 0.812 0.030 0.007 | 1.469 0.030 0.007 | 0.134 0.160 0.108 
340.750 W | 0.812 0.030 0.007 | 2.000 0.030 0.007 | 0.148 0.177 0.122 


% 0.875 N | 0.938 0.007 0.030 | 1.750 0.030 0.007 | 0.134 0.160 0.108 
% 0.875 W | 0.938 0.007 0.030 | 2.250 0.030 0.007 | 0.165 0.192 0.136 
1 1.000N | 1.062 0.007 0.030 | 2.000 0.030 0.007 | 0.134 0.160 0.108 
1 1.000 W | 1.062 0.007 0.030 | 2.500 0.030 0.007 | 0.165 0.192 0.136 


1% 1.125 N | 1.250 0.030 0.007 | 2.250 0.030 0.007 | 0.134 0.160 0.108 
1% 1.125 W | 1.250 0.030 0.007 | 2.750 0.030 0.007 | 0.165 0.192 0.136 
1% 1.250 N | 1.375 0.030 0.007 | 2.500 0.030 0.007 | 0.165 0.192 0.136 
1% 1.250 W | 1.375 0.030 0.007 | 3.000 0.030 0.007 | 0.105 0.192 0.136 


1% 1.375 N | 1.500 0.030 0.007 | 2.750 0.030 0.007 | 0.165 0.192 0.136 
1% 1.375 W | 1.500 0.045 0.010 | 3.250 0.045 0.010 | 0.180 0.213 0.153 
1% 1.500 N | 1.625 0.030 0.007 | 3.000 0.030 0.007 | 0.165 0.192 0.136 
1% 1.500 W | 1.625 0.045 0.010 | 3.500 0.045 0.010 | 0.180 0.213 0.153 


1% 1.625 1.750 0.045 0.010 | 3.750 0.045 0.010 | 0.180 0.213 0.153 


1% 1.750 1.875 0.045 0.010 | 4.000 0.045 0.010 | 0.180 0.213 0.153 
1% 1.875 2.000 0.045 0.010 | 4.250 0.045 0.010 | 0.180 0.213 0.153 
2 2.000 2.125 0.045 0.010 | 4.500 0.045 0.010 | 0.180 0.213 0.153 


2% 2.250 2.375 0.045 0.010 | 4.750 0.045 0.010 | 0.220 0.248 0.193 
2% 2.500 2.625 0.045 0.010 | 5.000 0.045 0.010 | 0.238 0.280 0.210 
2% 2.750 2.875 0.065 0.010 | 5.250 0.065 0.010 | 0.259 0.310 0.228 
3 3.000 3.125 0.065 0.010 | 5.500 0.065 0.010 | 0.284 0.327 0.249 


H Fp h Fp t 
FIGURE A7.8 Section of Belleville spring. 
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LOAD (is) 
THOUSANDS 


0.02 0.04 0.06 0.08 0.1 0.12 0.14 
INCHES 
DEFLECTION 
FIGURE A7.9 Load deflection in curves of several Belleville arrangements. 


of several different belleville arrangements. The hysteresis between increasing and 
decreasing load (the upper and lower curves, respectively) is caused by the friction 
between the spring and the loading surfaces. Two springs stacked in parallel doubles 
the load to flatten the pair with no further increase in deflection. Two springs 
stacked in series will produce twice the deflection at the same load. 


FUNCTION OF GASKETS 


The function of a gasket is to conform to the irregularities of the flange faces to 
affect a seal, preventing the inside fluid from leaking out. See Fig. A7.10 for a 
typical flange-gasket arrangement. The leak performance of the gasket is dependent 
on the stress on the gasket during operation. Each different type of gasket has its 
own inherent leak-tightness capabilities. The higher the gasket stress, the higher 
the leak-tightness capability. 

The ideal gasket is comprised of a body with good load-bearing and recovery 
characteristics, with a soft conformable surface layer. Gaskets have a combination of 
elastic and plastic characteristics. Ideal gaskets should have the following properties: 


1. Compressibility —Gaskets that have sufficient compressibility to suit the style 
and surface finish of the flange, ensuring that all the imperfections will be filled 
with the gasket material. 

2. Resilience— Gaskets that have high resilience will enable the gasket to move 
with the dynamic loadings of the flange to maintain its seating stress. 

3. No change in thickness— Gaskets that will not continue to deform under varying 
load cycles of temperature and pressure or under a constant load at elevated 
temperatures (creep). 


Unfortunately, most gaskets available on the market are not ideal gaskets. Most 
gaskets usually just have one or sometimes two of the above properties. For critical 
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Flange Faces Must Contact 
inner/Outer Ring 


Raised Face Flanges 


FIGURE A7.10 Typical flange gasket arrangement. 


applications, designers are always on the lookout for gaskets that have all three prop- 
erties. 

The most difficult, often critical, property required of a gasket is its ability to 
resist creep during operation. In high-temperature services, the flanges will heat 
up at a faster rate than the bolts and under steady-state conditions will continue 
to be hotter than the bolts as a result of the thermal gradient. This results in a 
higher thermal expansion of the flanges with respect to the bolts, increasing the 
boat load and concurrently the gasket stress. The gasket will then deform under 
the higher applied load during this cycle. Most gaskets will deform permanently 
and will not rebound when the load cycle goes away with varying conditions. The 
permanent set or plastic deformation that occurred during operation will cause loss 
of bolt load and concurrently loss of gasket stress. As gasket stress decreases leak 
rate increases. 


FUNCTION OF BOLTS 


The function of a bolt is to provide a clamp load or preload (Fp) to sufficiently 
compress and stress the gasket and resist the parting forces exerted by the hydrostatic 
end force and other external loads. The hydrostatic end force is created by the 
pressure of the internal fluid across the internal area of flange. The internal area 
is generally the inside diameter of the sealing element. 

All bolts behave like a heavy spring. As you turn down the nut against the 
flange, the bolt stretches and the flange and gasket compress. All bolt-tightening 
methods result in stretching the bolt. The torque-tightening method uses the thread 
helix of turning the nut against the reactive forces of the flange to stretch the bolt. 
The hydraulic bolt-tensioning method utilizes an annular piston threaded on the 
end of the bolt to provide an axial stretch. Torque tightening and hydraulic bolt 
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tensioning are discussed in the section Methods of Bolt Tightening.” In its elastic 
region, bolts stretch according to Hooke's law: 


Alu c (A7.1) 


AL, = Change in length of bolt, in (mm) 
F, = Applied tensile load (Preload), 1b (KN) 


Lp, = Effective length of bolt Length of bolt in which 
tensile stress is applied, in (mm) 


E = Young s Modulus of Elasticity, psi (N/mm?) 
As = Tensile stress area of bolt, in? (mm?) 


= 0.7854(D — 0.9743 /ny? 


where D = Nominal diameter of bolt 
n — is the number of threads per in 


Preload is the applied bolt load generated during tightening. 


BEHAVIOR OF THE FLANGED JOINT SYSTEM 


It is important to recognize that the individual components of flanges, gaskets, nuts, 
and bolts operate together as a system. Gasket companies are continually fielding 
questions from concerned users about their “gasket” leakage. Gasket leakage is 
symptomatic of a broader problem. To focus exclusively on the gasket as the cause 
of the leakage fails to recognize that the flange joint operates as a system, and a 
systems approach should be used to design flange joints and trouble shoot flange 
problems. 

Under actual operating conditions, the confined fluid, under pressure, creates a 
hydrostatic end force trying to separate the flange faces. The preload developed in 
the bolts keeps the flanges together while maintaining a residual gasket-seating 
stress. The internal pressure of the fluid tries to move, go through, or bypass the 
gasket. This is illustrated in Fig. A7.11, “What Happens under Actual Operating 
Conditions." 


Joint Stiffness 


The flange joint consists of a series of springs in a combination of tension and 
compression. The bolts are springs in tension, while the flange is a spring in compres- 
sion. The interaction of the two depends on their respective stiffness. The interaction 
between the stiffness of the bolt and flange can be represented by a joint diagram. 
See Fig. A7.12, “Joint Diagram of Simple Elastic Joints." 
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1. END FORCE - which originates with the pressure 


of the confined media - trying to separate the flange faces 


2. GASKE T LOAD = or Bolting Load - tries to 


keep the flange faces together to compress the gasket. 


3. INTERNAL PRESSURE - which tries to 


move, go through, or by-pass the gasket. 


FIGURE A7.11 What happens under actual operating condi- 
tions. 


The stiffness of the bolt is: 


F, Ib (KN) 
Kp = : (A7.2) 
AL, in (mm) 
The stiffness of the joint is: 
F, Ib (KN 
K; 2 — Ux) (A7.3) 
ALj in (mm) 


where F, = Preload Ib(kN) 
AL, = Change in length of bolt, in (mm) 
AL; = Change in compression of joint, in (mm) 


BOLT LOAD = Fp 


TENSION 


AL, AL 


BOLT JOINT 
FIGURE A7.12 Joint diagram of simple elastic joints. 
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il 


A A 
BOLT LOAD = Fp + AF, 
Lx = AFj + AF, Lx 
1 
F, 
Fj 
Y Y 
AL, AL, 
<4 > 


FIGURE A7.13 Joint diagram with external tensile load (Lx). 


At the mating surfaces, the bolt sees the preload (F,) in tension while the 
joint sees the same preload in compression. Their deflection under this preload is 
proportional to their respective stiffness. 

If an external tensile load (L,) is applied (i.e., pressure end force), the bolt load 
increases and the bolt lengthens, while the joint unloads. The change in deformation 
of the bolt equals its change in deformation of the joint such that they maintain 
contact with each other. The external load is shared between the bolts and the 
joint in proportion to their stiffness. This is illustrated in Fig. A7.13. 

In a flange joint containing a gasket, behavior is governed to a great degree by 
the gasket. Unfortunately, the gasket stiffness is nonlinear and very difficult to 
predict. Gaskets unload quickly following a steep curve, as shown in Fig. A7.14. 


BOLT JOINT 
FIGURE A7.14 Joint stiffness diagram for a flanged connection with spiral wound gasket. 
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Therefore, externally applied loads have a significant effect on reducing the stress 
of the gasket. A sufficiently high enough bolt preload is required to compensate 
for gasket unloading in order to maintain sufficient stresses to seal during operation. 
If the bolt preload is lost due to bolt creep, gasket creep, or flange rotation, the 
gasket stress drops dramatically and leakage follows. 


Elastic Interaction 


As one bolt is tightened, the flange and gasket partially compress in relation to 
their relative stiffness. As subsequent bolts are tightened, the joint compresses 
further. As each additional bolt is tightened, the compression on the joint will tend 
to reduce the preload in adjacent bolts. Figure A7.15 shows the elastic behavior of 
a simplified four-bolt flange. After tightening bolts 1 and 2, bolts 3 and 4 are 
tightened by compressing the joint further and relaxing the previously tightened 
bolts 1 and 2. The effect of tightening bolts separately and affecting the loads in 
adjacent bolts is referred to as elastic interaction, or cross talk. Elastic interaction 
is one reason why wide scatter in bolt preloads are found in flanged joints. Figure 
A7.16 shows a typical load scatter of a 28-bolt heat-exchanger channel to shell 
flange. The top line is the preload for each stud as it was originally tightened with 
torquing. Notice the wide variation in bolt load with this method of tightening. 


Relaxation of the Flange Joint 


Flange joint relaxation is one of the most important areas to consider when designing 
or troubleshooting flange systems. Over and over again, flanges are hydrostatically 
tested to verify conformance to leak tightness requirements. After successful hydro- 
static testing, some flanged joints are found to be leaking during startup, shutdown, 
or at some time during their operating life. Verification of actual bolt load (using 
ultrasonic measurement) has revealed that the residual load in the studs after the 
hydrostatic test is usually lower than the original bolt preload achieved during tight- 
ening. 

Relaxation of the bolt load observed is due to permanent deformation of the 


Elastic Behavior of the Joint 


ROUES 


1 3 4 2 


Tightening bolts 3 and 4 compresses the joint, 
relaxing the previously tightened bolts 1 and 2. 


FIGURE A7.15 Elastic behavior of simplified 4-bolt 
flange. 
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Relaxed Stud Stretches - Exchanger 
(Channel To Shell) 


Studs: 1 7/8 UN8 ASTM A193 B7 
Gasket: Double Jacket 
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BOLT NUMBER 
FIGURE A7.16 Typical load scatter of 28-bolt heat exchanger. 


gasket element experienced as a result of the pressure test loads. During the hydro- 
static test, high external compressive loads are added to the gasket. The gasket will 
continue to compress (deform) as a result of the additional hydrostatic end load. 
Since most gaskets have poor elastic properties, the hydrostatic end force will result 
in permanent deformation of the gasket. On conclusion of the hydrostatic test, the 
permanent deformation of the gasket will be seen as loss of bolt load and overall 
joint relaxation. This is illustrated in Fig. A7.16. The lower curve is the residual 
bolt load measured after the hydrostatic test. 

The wide scatter shown is consistent with uncontrolled tightening techniques. 
The relaxation effects are typical of gaskets that continue to deform under varying 
load cycles of temperature and pressure or poor creep resistance at elevated temper- 
atures. This flange would likely leak at any number of points in its operating life. 
The wide scatter of the bolt loads illustrated in Fig. A7.16 may lead to failure after 
the hydrostatic test. 

With the wide load scatter in combination with relaxation of the joint after 
hydrotest, the joint may leak during startup. In addition, operating temperatures 
and pressure cycles will continue to relax the joint until there is insufficient bolt 
load and gasket stress at a particular position around the flange to maintain a seal, 
and leakage results. 

Operating relaxation of the flanged joint is affected by the creep-resistant mate- 
rial properties of the flange, studbolts, and gaskets. Materials that continue to creep 
(deform) during operation will lead to leakage. 

The solution to relaxation-affected leak problems is to 


1. Control the initial bolt preload to eliminate the wide scatter around the flange 
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and to ensure the bolt loads are sufficient to maintain a seal throughout the 
operating life. Controlled bolting is described more fully later in this chapter. 


2. Design and install components that are resistant to creep by ensuring that they 
are suitable for the operating temperatures and pressures. 


GASKET SELECTION 


The proper selection of gasket is critical to the success of achieving long-term leak 
tightness of flanged joints. Due to their widespread usage, gaskets are often taken for 
granted. Industry demands for reduced flange leakage in environments of increasing 
process temperatures and pressures have led gasket manufacturers to develop a 
wide variety of gasket types and materials, with new gaskets being introduced on 
an ongoing basis. This rapidly changing environment makes, and will continue to 
make, gasket selection difficult. 

It is highly recommended that the gasket manufacturer be consulted on the 
proper selection of gaskets for each application. Gasket manufacturers are familiar 
with the industry codes and standards and conduct extensive testing of their products 
to ascertain performance under a variety of operating conditions. 

Flange design details, service environment, and operating performance guide 
the gasket selection process. Start with the flange design. Identify the appropriate 
flange standard, outlining size, type, facing, pressure rating, and materials (i.e., 
ASME B16.5, NPS 4, Class 1500, RF, carbon steel). Identify the service environment 
of temperature, pressure, and process fluid. It is useful to highlight gasket-op- 
erating performance. 


Gasket-Operating Performance 


New flange and gasket designs are incorporating tightness factors in their calcula- 
tions to reduce leak rates. Traditional ASME Section VIII code utilizes m and y 
gasket factors in the design calculations of flanges. These factors are useful to 
establish the flange design required to help ensure the overall pressure integrity of 
the system; however, they are not useful parameters to predict flange leak rates. 

All flanges leak to a certain degree. Industry requirements are demanding reduc- 
tion in leak rates along with predictable performance. This has lead to a more 
rigorous approach to establishing gasket factors and the associated methods for 
gasketed flanged-joint design. 

Significant progress has been made in the last six years in Europe by CEN and in 
North America by ASME's Pressure Vessel Research Council (PVRC) to establish 
gasket test procedures and the development of design constants that greatly improve 
the gasketed flanged-joint design. Maximum allowable leak rates have been estab- 
lished for various classes of equipment. EPA Fugitive Emissions basic limits are 
shown below. 


Component Allowable leakage level 
Flange 500 ppmv 
Pump 1,000 ppmv 
Valve 500 ppmv 


Agitator 10,000 ppmv 
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PVRC has established a new set of gasket factors, G, a, and G, and a related 
tightness parameter, T„ which can be used in place of traditional m and y factors 
in determining required bolt load. 

G, and a (Part A testing) represent the initial gasket-compression characteristics. 
G, is the gasket stress at a tightness parameter (T,) of 1; a is the slope of the line 
of gasket stress versus tightness parameter plotted on a log-log curve. This line 
shows that the tightness parameter (or leak tightness) increases with increasing 
gasket stress. That is, the higher the gasket stress, the lower the expected leakage. 
G, is the unloading (Part B) gasket stress at a T, — 1. 

A low value of G, indicates that the gasket requires low levels of gasket stress 
for initial seating. Low values of G, indicate that the gasket requires lower stresses 
to maintain tightness during operation and can tolerate higher levels of unloading, 
which maintain sealability. An idealized tightness curve showing the basis for gasket 
constants G;, a, and G, is shown in Fig. A7.17. 

The data for many gasket styles and materials have been published in various 
PVRC-sponsored publications. Typical PVRC gasket factors for a variety of gasket 
types are shown in Table A7.15. 


Part A 
o 
9o 
2 
ð | _ 
© 
x 
[7] 
ho] 
[o] 
Part B 
100000 


Tightness Parameter, T, 


FIGURE A7.17 PVRC idealized tightness curve. 
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TABLE A7.15 Typical PVRC Gasket Factors 


Type Material 


Spiral wound SS/Graphite 
(Class 150 to 2500) SS/Graphite with inner-ring 
SS/Asbestos 


Metal-reinforced graphite | SS/Graphite 


Sheet gaskets Graphite 
Expanded PTFE 
Filled PTFE 
CAF 


Corrugated gaskets Soft iron 
Stainless steel 
Soft copper 


Metal jacketed Soft iron 
Stainless steel 
Soft copper 


Metal-jacketed corr. Soft iron 


Camprofile SS/Graphite 


Note: All data presented in this table is based on currently available published information. The 
PVRC continues to refine data-reduction techniques, and values are therefore subject to further review 


and alteration. 


PVRC Convenient Method. The PVRC Convenient Method provides an easy 
conservative method for determining bolt load (Wmo) used in flange and gasket 


design as an alternate to using m and y values. 


Gasket operating stress 


Sint = Gs[Gy/Gs x 1 


Seating stress 


S5» = Gple x 1.5] To? = Pd[Ai/Ag] 


Design factor 


Smi or Sma 


M, = the greater of or 
Pd Pd 


Design bolt load 
Wo = Pd(AgMo + Al) 


(A7.4) 


(A7.5) 


(A7.6) 


(A7.7) 
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where a—The slope associated with Part A tightness data 

A,— Area of gasket-seating surface, in? (mm?) = .7854(OD* — ID?) 

A,—Hydrostatic area; the area against which the internal pressure is acting, 
in? (mm?) = .7854G? 

b,— Basic gasket seating width, in (mm) 
b, = (OD - ID)/4 

b— Effective gasket seating width 

b = b, when b, x iin 

b = Vb,/2, when b, > 1 in, in (mm) 


C— Tightness constant 
C — 0.1 for tightness class TI (economy) 
C — 1.0 for tightness class T2 (standard) 
C — 10.0 for tightness class T3 (tight) 


e—Joint assembly efficiency; recognizes that gasket-operating stress is im- 
proved depending on the actual gasket stress achieved during boltup; 
also recognizes the reliability of more sophisticated bolting methods and 
equipment in actually achieving desired bolt loads 
e — 0.75 for manual boltup 
e = 1.0 for “ideal” boltup, e.g., hydraulic stud tensioners, ultrasonics 


G—Diameter of location of gasket load reaction, in (mm), from ASME 
Section 8 
oe (0D ID) if b, < iin, in (mm) 
= OD - 2b, if b, > 4 in, in (mm) 
G,— The stress intercept at T, = 1, associated with Part A tightness data 
psi (MPa) 
G,—The stress intercept at T, = 1, associated with Part B tightness data 
psi (MPa) 
P,— Design pressure, psi (MPa) 
P,— Test pressure (generally 1.5 X P,), psi (MPa) 
S,,— Operating gasket stress, psi (MPa) 
S,5— Seating gasket stress, psi (MPa) 
M,—Design factor 


TC— Tightness class that is acceptable for the application, depending on the 
severity of the consequences of a leaker 
T1 (economy) represents a mass leak rate per unit diameter of 0.2 mg/ 
sec-mm 
T2 (standard) represents a mass leak rate per unit diameter of 0.002 mg/ 
sec-mm 
T3 (tight) represents a mass leak rate per unit diameter of 0.0002 mg/ 
sec-mm 


T,—Tightness parameter. T, is a dimensionless parameter used to relate the 
performance of gaskets with various fluids, based on mass leak rate. 
Recognizes that leakage is proportional to gasket diameter (leak rate 
per unit diameter). T, is the pressure (in atmospheres) required to cause 
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a helium leak rate of 1 mg/sec for a 150 mm OD gasket in a joint. PVRC 
researchers have related T, to other fluids through actual testing as well 
as use of laminar flow theory. 

Ty,—^Assembly tightness; the tightness actually achieved at assembly = 
1243 X CX P, 

min— Minimum tightness; the minimum acceptable tightness for a particular 
application = .1243 X C X P, 

T,—Tightness ratio; = log (T,,.)/log (Tris) 

W.no—Design bolt load, Ib (KN) 


T, 


pi 


Example A7.1 Example of PVRC Convenient Method 
Input data 

Application: Heat exchanger. Reboiler channel 

Design pressure ( P4) = 400 psi 

Test pressure (P,) = 600 psi 

Operating temperature 

Gasket type: camprofile 

Gasket dimensions ID — 37.63 in 

OD = 38.88 in 
Tightness class required T3, therefore C — 10.0 
Assembly efficiency (e) — 1.0, using hydraulic stud tensioners 


From Table A7.15 G, = 387 psi 


a= 33 
G, = 14.0 psi 

Calculations: 

G = 38.32 in 

Ag = 75.10 in? 

A; = 1,153.8 in? 

Tymin = 497.20 

Tpa = 745.80 

T, = 1.07 

Sint = 2,450 psi 

Sin = (3,852) psi 


| 2,450 


ie = 6.13 
400 


BOLTED JOINTS A.383 


Design total bolt load to achieve T3 leak tightness 
Wo = 400 x (75.10 x 6.13 + 1,153) 


= 645,345 Ib 


To illustrate the usefullness of PVRC calculations in gasket selection, the follow- 
ing example shows the same calculations using a double-jacketed gasket typically 
found in the above application instead of the camprofile. 


Input data (as above except) 
Gasket type: Double jacketed 


Gp, = 2900 psi 
a = .23 
Gs = 15 


This changes the calculation of S,,; and S, to 
Smit = 8,759 psi 
Sm2 = 2,709 psi 
M, = 21.90 
Wino = 1,119,255 Ib 


TABLE A7.16 Application of Types of Gaskets 


Pressure class 


Maximum 
Low Class Medium Class High Class temperature of 
Gasket type 150-300 600—900 1500-2500 materials (°F) 


Nonmetallic 
-CAF 650-1000 
—Nonasbestos fibre 550 
-PTFE 390-550 
-Graphite 750 


Semimetallic 
—Metal jacketed 750+* 
—Metal reinforced 750+" 

graphite 
—Spiral wound 750+* 
-Camprofile 750+" 


Metallic 
—Ring-joint gaskets 650+* 
—Lens ring 650+* 
—Machined ring 650 * 


x applicable 
— not applicable 
* depends on material 
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The total bolt load to achieve the same leak tightness of T3 is 1,119,255 Ib. 

These examples would indicate that higher leak tightness can be achieved using 
the camprofile gasket versus the double-jacketed gasket under the design condi- 
tions outlined. 


Types of Gaskets 


As discussed earlier, gaskets can be defined into three main categories: nonmetallic, 
semimetallic, and metallic. The general applications for each gasket type are shown 
in Table A7.16. 


High Temperature Selection 


In high temperature applications, above 650°F (343°C), gasket selection becomes 
even more critical. Many gaskets may perform well at low temperatures but fail to 
meet leak-tightness requirements at elevated temperatures. 

Many gaskets lose their resiliency at elevated temperatures, with changes in 
their elastic behavior. The gasket's inherent stiffness will also tend to diminish, 
resulting in the gasket continuing to deform under the applied flange loads. This 
deformation (or creep) will result in loss of gasket stress, bolt load, and leak 
tightness. In elevated temperature applications, search out materials that retain their 
resiliency and gasket designs that will not change in thickness (retain its stiffness). 

Considerable technical information on gasket selection is available from gasket 
manufacturers and from other technical sources such as the Pressure Vessel Re- 
search Council and industry trade associations such as the Fluid Sealing Associa- 
tion (FSA). 


BOLT SELECTION 


Bolts and nuts should be selected to conform to the design specifications set out 
with the flange design. Care is taken to ensure that the correct grade of material 
is selected to suit the recommended bolting temperature and stress ranges. Material 
specifications for bolts are outlined in BS 4882 and ASME Section VIII. 
Common material specifications for bolts and nuts are shown in Table A7.17. 
The following information should be specified when ordering bolts and nuts: 


1. Quantity 
2. Grade of material, identifying symbol of bolt or nut 
3. Form 


* Bolts or studbolts 
* Nuts, regular or heavy series 
4. Dimensions 
* Nominal diameter, length 
* Diameter of plain and reduced portion, length of thread (if applicable) 
5. Identification of tests in addition to those stated in the standard 
6. Manufacturer's test certificate (if required). Fully threaded studbolts and heavy 
series nuts are most common in industrial applications. 


S8£'V 


Material 
specifications 


Alloy types 


Mechanical properties 


TABLE A7.17 Material Specifications for Bolts and Nuts and Recommended Bolting Temperature Range 


Tensile 
strength 


Yield strength .2% 
proof stress min 


Recommended bolting 
temperature range") °C 


Recommended 
corresponding 
nut grades 


B7, L7 
BS 1506-621A 


1% Chromium molybde- 
num steel 


N/mm? psi 


N/mm? psi 


max 


860 


123,000 


730 103,000 


400 


2H, 4, 7, or 8 
(L4, 7 or 8 
with L7 bolts) 


B16 
BS 1506-661 


196 Chromium molybde- 
num vanadium steel 


860 


123,000 


730 103,000 


520 


4, 7, or 8 


B8, L8 
BS 1506-801B 


Austenitic chromium 
nickel 18/8 type steel 


540 


71,000 


210 30,000 


575 


B8, CX 
BS 1506-821T: 


Stabilized austenitic chro- 
mium nickel 18/8 type 
steel, cold worked 
after solution 
treatment 


123,000 


99,000 


Precipitation hardening 
austenitic nickel chro- 
mium steel 


128,000 


B80A 
BS 3076 NA20 


Precipitation hardening 
nickel chromium tita- 
nium aluminum alloy 


143,000 


Note: (1) Temperature of bolting refers to actual metal temperatures. 
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FIGURE A7.18 Stress relaxation behavior of various bolting materials showing percentage of 
initial stress retained at 1000 hours. 


High Temperature Bolting Applications 


The relaxation of bolt stress under constant strain conditions is widely recognized 
and has been measured in research on studbolt assemblies. At temperatures in 
excess of 300°C, special steels and alloys are required to improve upon the stress 
relaxation performance of low alloy steels. The relaxation behaviors of different 
bolting materials are shown in Fig. A7.18. 

Different nut materials influence the stress-relaxation behavior of the stud, 
nut assembly. 

The recommended nut for each grade of stud is shown in Table A7.17. 

High temperature relaxation is a combined effect of gasket creep, bolt creep, 
and flange rotation. All three or any combination may occur. The symptoms show 
up as loose bolts that reduce gasket stress, resulting in increased leakage. 


FLANGE STRESS ANALYSIS 


The most common design standard for flanges is in ASME Section VIII, Appendix 
3—''Mandatory Rules for Bolted Flange Connections." This standard applies in 
the design of flanges subject to hydrostatic end loads and to establish gasket seating. 

The maximum allowable stress values for bolting outlined in the ASME code 
are design values to be used in determining the minimum amount of bolting required 
under the code. A distinction is made in the code between the design value and 
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the bolt stress that may actually exist in the field. The ASME code Appendix S 
further acknowledges that an initial bolt stress higher than design value may (and, 
in some cases, must) be developed in the tightening operation. This practice to 
increase bolt stress higher than the design values is permitted by the code, provided 
that regard is given to ensure against excessive bolt loads, flange distortion, and 
gross crushing of the gasket. 


General Requirements 


Bolt Loads. In the design of the bolted flange connection, the bolt loads are 
calculated based on two design conditions of operating and gasket seating. 


Operating Condition. The operating condition determines the minimum load 
according to 


3.14 > 
Wat = ee P, + 2b3.14 Gm P, (A7.8) 
where b, G and P, are defined previously and m is gasket factor expressed as a 
multiple of internal pressure 


The equation is the sum of the hydrostatic end force plus a residual gasket load 
equaling a multiple of internal pressure. 


Gasket Seating. The second design condition requires a minimum bolt load deter- 
mined to seat the gasket regardless of internal pressure according to 


Wyo = 3.14 bGy (A7.9) 


where y is the minimum seating stress for the gasket selected 


PVRC Method. As discussed earlier the PVRC method can be used as an alternate 
to Wm or Wm in calculating the bolt loads used in the design of the flange. 


Total Required Bolt Areas. These design values on bolt loads are used to establish 
minimum total cross-sectional areas of the bolts A,,. Am is determined as follows: 


W, 
Am\| = , Where Sb is allowable bolt stress at operating temperature 
W, 
Am2 = oe where Sa is allowable bolt stress at atmospheric temperature 
a 


Using PVRC bolt loads: 


A, is greater of Am or Am or Am. Bolts are then selected so that the actual 
bolt area, A, is equal to or greater than An. 
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Example Calculation. Using the same application outlined in the “Gasket Selec- 
tion" section, the following shows the calculation of bolt loads using m and y factors. 
Input Data 

Gasket type: Camprofile 


m=2 

y = 2500 

ID = 37.63 in 
OD = 38.88 in 


Design Pressure (P) = 400 psi 
Operating Conditions 


3.14 
Wat = a x 38.32? x 400 + 2 x 28 x 3.14 x 38.32 x 2 x 400 = 515,225 Ib 


Gasket Seating 
Wino = 3.14 x .28 x 38.32 x 2500 = 84,227 Ib 


Wm > Wm, therefore W,, would govern in the flange design. Note that using 
the PVRC method, the design bolt load was 645,345 Ib, higher than both W,, and 
Wm. This will be a common occurrence, revealing that higher bolt loads than 
assumed using m and y factors are required to achieve required leak tightness. 


Flange Design. The bolt loads used in the flange design by the code is 


Am + ApS 
W= Cutina (A7.10) 


Alternately, where additional safety is desired, the code recommends that the 
bolt load for flange design is actual bolt area (A;) times the allowable bolt stress (Sa). 

For critical flanges, it is suggested that a more conservative approach to flange 
design be adopted, calculating the design bolt load as actual bolt area (A,) times 
expected field bolt stress (Se). The expected field-bolt stress (Se) achieved is often 
1.5 X Sa. By using this approach a higher bolt load is determined. This will increase 
the flange thickness. The benefits to increased flange thickness are 


1. Thicker flanges will rotate less and distribute the applied bolt load more uniformly 
to the gasket. 


2. Thicker flanges require longer bolts. Longer bolts have more strain energy and 
are more forgiving to joint relaxation. 


Finite Element Analysis 


Finite Element Analysis (FE A) is being used more frequently to review designs of 
critical flanges. FEA costs are dropping dramatically while the procedure's effective- 
ness to model complex structure is increasing. 
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FEA can be used to predict the behavior of the flange structure subjected to its 
operating conditions. It is possible to predict the behavior of the flange structure 
mathematically because the behavior of the materials can be described mathemati- 
cally. Hooke's law describes the mechanical behavior of the metal materials and 
their elastic response. Other types of stress-strain relationships have been developed 
to model the nonlinear, plastic behavior of the gasket. 

The key is to determine the actual operating stress on the gasket to predict 
its leak-tightness performance subjected to thermal effects, pressure, bolt stress, 
relaxation, and flange rotation. 


ASSEMBLY CONDITIONS 


The flange components consisting of flange, gaskets, and bolts may have been 
adequately designed but their performance to specifications will be affected by 
assembly conditions. 


Flange Surface Finish 


Flange surface finish is critical to achieve the design-sealing potential of the gasket. 
Again, gasket-leak tightness is dependent upon its operating gasket stress. Flanges 
that are warped, pitted, rotated, and have incorrect flange gasket-surface finish will 
impair the leak tightness of the gasket. 

Flanges out of parallelism and flatness should be held within ASME B 16.5 
specifications. This will ensure that the uniform bolt loads translate to uniform 
gasket stress. 

The resiliency and compressibility of the gasket are affected by flange surface 
finish. Recommended flange surface finishes for various gasket types are shown in 
Table A7.18. 


TABLE A7.18 Recommended Flange Surface Finish for Various Gasket Types 


Flange surface Flange surface 


Gasket type 


finish microinch CLA 


finish micrometer Ra 


Soft cut sheet gaskets 


Material «1.5 mm thick 
125-250 


Material «1.5 mm thick 
3.2-6.3 


Material =1.5 mm thick 
125-500 


Material =1.5 mm thick 
3.2-12.5 


Camprofile 


125-250 


3.2-6.3 


Metal reinforced graphite 


125-250 


3.2-6.3 


Spiral wound 


125-250 


3.2-6.3 


Metal-jacketed gaskets 


100 max 


2.5 max 


Solid metal gaskets 


63 max 


1.6 max 
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Gasket Condition 


Never reuse a gasket. A gasket's compressibility and resiliency are severely reduced 
once it has been used. 

Check the gasket for any surface defects along the contact faces that may im- 
pair sealing. 

Keep the gasket on its storage board until immediately prior to assembly. 

Do not use any gasket compounds to install the gasket to the flange, as it affects 
the compressibility, resiliency, and creep behavior of the gasket. Consult the gasket 
manufacturer when installing large diameter gaskets for a recommendation on how 
to secure them to the flange during installation. 


Bolt Condition 


Bolts and nuts may be reused providing they are in new condition. Ensure bolts 
and nuts are clean, free of rust, and that the nut runs freely on the bolt threads. 
Install bolts and nuts well lubricated by using a high quality anti-seize lubricant to 
the stud threads and the nut face. 


Methods of Bolt Tightening 


Once the total bolt loads (W) are calculated for the flanges, specifications, and 
procedures should be adopted outlining how to achieve the design bolt load. 

The total bolt load (W) for the flange is divided by the number of bolts to 
determine the individual bolt preload (F,). 

To achieve improved leak tightness sufficient and uniform gasket stress must 
be realized in the field. This obviously requires uniform and correct applied bolt 
load. The higher the requirement to reduce leakage, the more controlled the method 
bolt tightening. 

The common methods of bolt tightening are: 


* hammer, impact wrenches 
* torque wrenches 
* hydraulic tensioning systems 


Each method has its own assembly efficiency. Bolt tightening methods and their 
assembly efficiencies are shown in Table A7.19. 


Hammer, Impact Wrenches Method 


This method remains the most common form of bolt tightening. The advantages 
are speed and ease of use. Disadvantages include a lack of preload control and the 
inability to generate sufficient preload on large bolts. 


Torque Method 


Torque wrenches are often regarded as a means to improve control over bolt 
preload in comparison with hammer-tightening methods. However, as indicated in 
Table A7.19, significant variation in stud-to-stud load control is still evident. 
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TABLE A7.19 Tightening Methods and Assembly Efficiencies 


Method to Stud-to-stud Assembly 
control bolt Tightening load variation efficiency 
preload method from the mean (%) (e) 


No torque/stretch Power impact, lever or > +50% 0.75 
control hammer wrench 


Torque control Calibrated torque wrench +30 to +50% 0.85 
or hydraulic wrench 


Tensioner load Multiple stud tensioners +10 to +15% 
control 


Direct measurement Ultrasonic extensometer, +10% or less 
of stress or strain calipers, strain gages 


Much attention is given to the level of torque that should be applied to a specific 
application. However, it is not the torque that is important but the end result of 
the torque-bolt preload. Control over bolt preload is the factor for ensuring proper 
gasket-seating stresses are achieved. 

Torque is the measure of the torsion required to turn a nut up the inclined plane 
of a thread. The efficiency of the nut’s turn along the bolt thread to generate preload 
is dependent upon many factors, including thread pitch, friction between the threads, 
and friction between the nut face and the flange face. 

In general, only about 10 percent of the applied torque goes toward providing 
bolt preload. The rest is lost in overcoming friction: 50 percent in overcoming the 
friction between the nut and flange faces, and 40 percent in overcoming friction 
between the threads of the nut and the bolt. 

Another variable to overcome is the elastic behavior of the joint as illustrated 
in Fig. A7.15. 

As the bolts are tightened creating the desired preload, the flange will partially 
compress. As additional bolts are tightened, the flange joint will compress a little 
further. The continuous deflection of the flanged joint reduces the stretch (or 
preload) of previously tightened joints. This phenomenon is referred to as cross 
talk and is a result of tightening a multistud flange one bolt at a time. 

A typical wide variation in bolt and bolt preload is experienced using torquing 
because of the uncontrolled effects of friction and cross talk, as illustrated in Fig. 
A7.16, “Typical Load Scatter of 28 Bolt Heat Exchanger Flange.” 


Torque Calculations. The amount of torque that is required to generate a specific 
bolt preload is calculated by 

| KDF, 
BE 


T 


ft-Ib (A7.11) 


where K = nut factor, experimentally determined (see Table A7.20) 
D = nominal diameter of stud, in 
F, = desired bolt preload, calculated by dividing total design bolt load (W) 


by number of bolts 
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TABLE A7.20 Torque Nut Factors (K) 


Nut factor (K) 
Bolt and lubricant reported range 


0.158-0.267 
0.3 
0.08—0.23 
0.13-0.27 
0.10—0.18 


As received alloy bolt 


As received stainless studbolt 
Copper-based antiseize 
Nickel-based antiseize 

Moly paste or grease 


Note: It is important to remember that the K value is an 
experimentally derived constant. The K value should be verified 
in the field for each new application. 


Example: Torque Calculation. Application: Heat exchanger-Reboiler channel 
(see Section “Gasket Selection") 


Input data: 

Type of stud bolt: ASTM A193, Gr. B7 

Number of bolts: 56 

Size of bolt: (d) = .875 in 

Design bolt load: (Wmo) = 645,345 Ib 

Nut factor (K) = .18 copper based antiseize lubricant 
Calculations: 


Fp = 645,345/56 = 11,524 Ib/bolt 
T = .18 x .875 x 11,524/12 = 150 ft-lb 
Torque Procedure. ‘Torquing should be applied in multipasses following a cross 


pattern to reduce warping of flange, crushing the gasket, and to minimize cross talk 
in achieving bolt preload. 


Pass Torque 

1 V5 of final torque (T). Start at bolt no. 1 and follow cross pattern 
2 75 of final torque (T) following cross pattern 

3 At final torque (T) following cross pattern 

4 At final torque (T), start at highest bolt number and tighten in a 


counterclockwise sequence 


The cross pattern is easily followed once the bolts are numbered in the flange. 
Randomly select a bolt and designate it as bolt number 1. Proceed in a clockwise 
motion to the next bolt and add four to the previous bolt number. Moving clockwise, 
the next bolt number would be 1, 5, 9, and so on. 

This system of adding four to the previous bolt number continues until adding 
four to the previous number exceeds the total number of bolts in a flange. At this 
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point, start again at bolt number 3. Continue in the same clockwise direction, 
numbering bolts 3, 5, 11, and so on until again this number is larger than the total 
number of bolts in a flange. At this point the next number is 2; continue as previously 
described: 2, 6, 10, and so on. The last series of bolt numbers start with bolt number 
4 and continue 8, 12, 16, and so on. 

A sample 16-bolt flange showing a typical cross pattern is shown in Fig. A7.19. 


16 


11 
2 15 


FIGURE A7.19 Typical torquing cross pattern of a 16-bolt flange. 


Tensioning Systems 


Many of the variables that reduce the control of bolt preload using the torque 
process are eliminated using hydraulic tensioning systems. 

Hydraulic tensioners are hollow hydraulic compact cylinders that are threaded 
onto a protruding section of the studbolt generally using a pulling device. A bridge 
supports the hydraulic head straddling the nut and reacting against the flange while 
hydraulic pressure is applied to the hydraulic head. Under the applied hydraulic 
load, the bolt stretches at the same time as it compresses the flange and gasket. 
Residual bolt load equivalent to the desired preload (F,) is achieved by manually 
turning down the nut under the tensioner bridge during the applied hydraulic load. 
Applied bolt load is directly proportional to the hydraulic pressure and the area 
of the hydraulic cylinder. There are no frictional losses associated with tensioning, 
as compared to torquing. À cross section of a hydraulic stud tensioner is illustrated 
in Fig. A7.20. The residual load (preload F,) = Applied Load — Load Loss Factor. 

The load loss factor is dependent upon the stud stress realized, bolt diameter, 
and effective length of the bolt. For each application its load loss factor can be 
precisely calculated to determine the necessary applied load to generate the residual 
preload. Development of thorough procedures is essential to maintain the accuracy 
of hydraulic stud-tensioning process. 

Cross talk is significantly reduced by utilizing multistud tensioning. Generally 
50 percent of the studs in a flange are tensioned simultaneously by using multiple 
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FIGURE A7.20 Hydraulic stud tensioning. 


tools interconnected with a high-pressure hose tied into a common pump source. 
Many flange configurations allow for 100 percent of the studs to be tensioned 
simultaneously. This completely eliminates cross talk. 

Hydraulic tensioning provides the most controlled tightening method for achiev- 
ing specified bolt preload. 


Controlled Bolting 


Controlled bolting is the method where the loading-stress of the flange bolts is 
measured using ultrasonic equipment to ensure that the correctly specified bolt 
preload is achieved. 

The application of torque alone to the flange is not controlled bolting, as there 
remain many uncertainties about the actual bolt load. 

Torquing in combination with ultrasonic measure provides necessary controls 
to achieve the required bolt preload. 

Multistud tensioning following established procedures provides a high degree 
of control over bolt preload. In critical application, multistud tensioning should 
also be combined with ultrasonic measurement to verify that all specifications 
are met. 
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BOLT LOAD MONITORING 


Monitoring of the actual residual bolt load after tightening is essential to ensure 
that leak-tightness goals are achieved and becomes an important part of the quality 
assurance process of achieving flange joint integrity. 

All tightening methods provide a degree of stud-preload scatter as a function 
of their process capability. The only way to be sure that specified stud preload is 
achieved is to measure it. 

There are several methods for performing stud-stretch measuring, including 
strain gauges, bow micrometers, mechanical extensometers, and ultrasonic exten- 
someters. The most common and versatile is the ultrasonic extensometer. 


Theory of Operation 


The ultrasonic extensometer operates by placing a high-frequency transducer at 
one end of the stud. Frequencies used for stud measurement range from 1 to 20 
megahertz. At these frequencies a liquid couplant (gel) is used to couple the ultra- 
sound from the transducer to the stud. 

An ultrasound wave is generated by the transducer and travels down the body 
length of the stud. The wave reflects off the opposite end of the stud and travels 
back to the transducer. 

The ultrasonic instrument measures the time of flight of the ultrasound in the 
stud. Many factors, including material density, stud length, temperatures, and stress 
are used to convert the time-of-flight measurement into an ultrasonic reference 
length. 


Hooke's Law and Stud-Stretch Measurement 


All studs elongate in their elastic region following Hooke’s law, as outlined in the 
section “Function of Bolts". 

In the relaxed state, a reference length is measured using the ultrasonic extenso- 
meter. After the stud has been tightened, an additional reading is made to measure 
stud stretch. Given the known parameters of effective bolt length (L,), tensile area 
of bolt (A,), Young's modulus of elasticity (E), the preload (F,) can now be directly 
correlated to stretch. Rearranging equation A7.1 allows the calculation of bolt 
preload (F,): 


The measured residual preload can then be compared to design preload to ensure 
it falls within an acceptable tolerance. Alternately the stretch reading AL, actual 
is compared to AL, design. 


Example A7.2 Example Calculation: Application: Heat exchange—Reboiler 
channel 
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Input data: 


9743 \? 
Ay = 7854( 875 = 28) = 462 in? 


Stud size (D) = 0.875 in 

Thread pitch(n) = 9 

Material — A193, Gr. B7 

Young's modulus (E) = 30 x 10° psi 


Effective length (L5) = Grip length + 1 x D, where grip length equals 
measured distance between nut faces 


Design bolt load (F5) — 11,524 Ib 


Calculation: 


11,524 x 9.5 


Aj m e EU. 
> ~ 30 x 106 x .462 


— 0.008 in 


Expected tolerance on critical application is + 10%; therefore, actual AL, should 
fall between 0.0072 in and .0088 in. 


MANAGING FLANGE JOINT INTEGRITY 


Leaks are a threat to profits, safety, and the environment. Problems resulting from 
leaks in flanges can range from local in severity to plant-wide catastrophe. Although 
the range of negative results can vary widely, leaks have one thing in common: all 
leaks are preventable. 

Leaks don't happen by accident, they happen by design. Rather than being 
symptoms of product failure, leaks are generally evidence of failure in process 
control. When you fix the process control, you fix the leaks before they happen. 

This chapter has reviewed the key elements to achieving flange joint integrity 
to assure leak-free integrity of the bolted flange joint. An integrated approach must 
be adopted to ensure success of the process of joint integrity. 

This process begins with an understanding of the operating environment, contin- 
ues with design and selection of the flange components, setting of assembly specifi- 
cations, establishment of best-practices procedures, assignment of competent per- 
sonnel, quality assurance, traceability through complete documentation, and finishes 
with meeting the goal of leak prevention. 

The goal of leak prevention is achievable and starts with a mind-set of doing 
things right the first time. 
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INTRODUCTION 


History 


Prestressed concrete cylinder pipe (PCCP) has been manufactured in the United 
States since 1942. An American Water Works Association (AWWA) tentative 
standard was developed in 1949 and was made a permanent standard in 1952. Since 
that time, this standard has been reviewed and updated on a regular basis. PCCP 
offers the specifier and owner numerous advantages, including ease of installation, 
custom-designed fittings, superior corrosion resistance, high-flow characteristics, 
low maintenance costs, and product support by the manufacturer. PCCP is used 
extensively for a wide range of project types both in the United States and around 
the world. 

There are three other types of concrete pressure pipe: reinforced concrete cylin- 
der pipe (referenced in the AWWA Standard C300/), reinforced concrete noncylin- 
der pipe (referenced in the AWWA Standard C302’), and pretensioned concrete 
cylinder pipe (referenced in the AWWA Standard C303). 


Terminology and Definitions 


Spigot ring— the protruding end of a PCCP joint 
which contains a shaped groove to re- 
tain the O-ring rubber gasket (refer 
to Fig. A8.1) 


A.397 


A.398 


Mortar coating 
Prestressing wire 


Steel cylinder 


Concrete core 
FIGURE AS8.1 Spigot ring. 


Bell ring— 


O-ring gasket— 


Laying length— 


Working pressure— 


Transient pressure— 


Mortar coating 
Bell ring 
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Spigot ring 


Gasket groove 
f i 


the receiving portion of a PCCP joint 
(refer to Fig. A8.2) 

rubber ring of circular cross-section 
which, when compressed into the 
spigot-ring groove by the bell ring, 
provides a water-tight seal 


a measure of a pipe or fitting’s length 
along its axis for purposes of advanc- 
ing the length of a pipeline 

the long-term, internal 


pressure 


steady-state 


the incremental change in internal pres- 
sure in a pipeline, which is usually of 
short duration, that is caused by a rela- 
tively sudden change in flow velocity 


Prestressing wire 


Steel cylinder 


FIGURE A8.2 Bell ring. 


Concrete core 
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Field test pressure— an internal pressure applied to a pipeline 
or portion of a pipeline to test its struc- 
tural and water-tight performance 


External dead load— an applied load to a pipe which is gener- 
ally constant, such as earth weight, 
foundation loads, and so on 


External live load— an applied load to a pipe which is tran- 
sient in nature and usually of short 
duration, such as motor vehicles 


Applications for Prestressed Concrete Pressure Pipe 


PCCP is the most widely used type of concrete pressure pipe for the transport of 
water and wastewater in the United States and the world. Uses include raw and 
potable water transmission lines, water distribution systems, gravity and pressure 
sewers, power plant cooling systems, industrial process lines, water and wastewater 
treatment plant process lines, sewer outfalls, raw water intakes, and impoundment- 
dam spillway conduits. It is a versatile pipe that can be installed in the normal 
direct-buried condition; as an aerial crossing over canals, rivers, and other obstacles; 
or subaqueously in both freshwater and seawater. 


Reference Standards 


Table A8.1 summarizes the standards covering the design and manufacture of 
PCCP. The AWWA standards in Table A8.1 include reference to other standards 
published by the American Society for Testing and Materials (ASTM), American 
Society of Mechanical Engineers (ASME), American Concrete Institute (ACI), 


TABLE A8.1 Reference Standards 


Title Purpose 


American National Standards Institute/ Covers the manufacturing process for 
American Water Works Association PCCP, including raw material specifica- 
C301 Prestressed Concrete Pressure tions, manufacturing techniques, and test- 
Pipe, Steel-Cylinder Type* ing procedures. 


American National Standards Institute/ Covers the design process for PCCP. 
American Water Works Association 
C304 Design of Prestressed Concrete 
Cylinder Pipe? 


American Water Works Association Provides general information regarding the 
Manual of Water Supply Practices design, manufacturing, and use of PCCP. 
**M9— Concrete Pressure Pipe" ° Also includes information on the other 

types of concrete pressure pipe: rein- 

forced cylinder pipe, reinforced noncylin- 
der pipe, and pretensioned concrete cyl- 
inder pipe. 
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American Iron and Steel Institute (AISI), American Welding Society (AWS), 
and American Association of State Highway and Transportation Officials 
(AASHTO). 


DESCRIPTION 


Pipe Types 


Prestressed concrete cylinder pipe consists of a structural, high-strength concrete 
core, a steel cylinder with steel joint rings welded at each end providing water- 
tightness, steel prestressing wire, and a portland cement-rich mortar coating. Two 


barrel outside diameter grout after wire mesh 
laying 
prestressing wire Steel bell ring 
" mortar 
steel cylinder coating rubber O-ring gasket 
yw F 
bell NH 
outside 
diameter i cylinder 
joint i us 8 + outside 
diameter D steel spigot rin | diameter 
concrete core óre thickness pig g pipe 
| «joint depth laying length ———————— —^ diameter 
(a) 
; rout after layin 
steel cylinder a yng steel bell ring 
; ; __ mortar - 
prestressing wire j coating dn O-ring gasket 


pipe 

outside 

diameter 
joint : 3A HOS a de cylinder 
diameter $ : outside 

steel spigot ring ) 2 
Med EA ‘—core thickness pipe diameter 
|, joint >i laying length ————>» diameter 
$ depth 


(b) 
FIGURE A8.3 (a) Lined cylinder pipe (LCP) and (b) embedded cylinder pipe (ECP) profiles. 
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Standard Elbow Hardway transition 
bar - both ends 


Fittings mesh on all for large diameter 
mortared surfaces : 


mortar coating 


mortar lining 
Typical end detail for 


Joint Bell laying length small diameters 
depth *l i j 

Elbow- Spigot laying 

deflection ^. 


angle 


Maximum angle of ~, 
22'5 degrees between ^, 
adjacent segments 


Pipe diameter 


Radius 


FIGURE A8.4 Typical elbow fitting. 


types of PCCP are manufactured: lined cylinder pipe (LCP), which is detailed in 
Fig. A8.3a and embedded cylinder pipe (ECP), which is detailed in Fig. A8.3b. 
Lined cylinder pipe has the entire concrete core placed inside the steel cylinder. 
The cured concrete core and steel cylinder are then helically wrapped with pre- 
stressing wire, which is subsequently coated with cement mortar. Embedded cylinder 
pipe has the concrete core placed both outside and inside the steel cylinder by a 
vertical casting operation. The cured concrete core and steel cylinder are then 
helically wrapped with prestressing wire and, as LCP, is coated with cement 
mortar. 


Available Size Ranges 


LCP is normally manufactured with inside diameters ranging from NPS 16 (DN 
400) through NPS 48 (DN 1200), although larger sizes have been made. ECP is 
normally manufactured with inside diameters ranging from NPS 54 (DN 1350) 
through NPS 144 (DN 3600), but diameters smaller and larger than this range are 
possible. The nominal laying length for pipe up to and including NPS 114 (DN 
2850) is usually 20 ft (6 m), and 16 ft (4.9 m) for larger sizes. These diameter ranges 
and laying lengths can sometimes vary by manufacturer, so the user should check 
with suppliers on specific sizes. In larger sizes, the laying length can be controlled 
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Tee With Crotch Plates 


Hardway transition bar - both ends 
on large diameters — 


Joint depth 
y i Typical end detail for 
3 l e ———- small diameters 
ry 
Crotch plate 
£ Fittings mesh on all 
9 mortared surfaces 
© Branch layin EA 
Ə- length 
EE (Bell A 
g = 
Branch 

Y diameter 
<= 
9 
Sis p h laying length 
S5 ranc 
22 Spigot DNE 
E 
S Branch steel cylinder 
ü 

Run diameter _ Run steel cylinder 
L : T Mortar inside and outside 
ae Y : 


FIGURE AS8.5 Typical tee fitting. 


by the weight of the piece and the manufacturer's and installing contractor's ability 
to handle it. 


Fittings and Special Pipe 


A wide range of fittings and special pipe lengths are available for all types of project 
requirements. Fittings are manufactured from steel plate which is cut, rolled, and 
welded to form the required shape. The completed steel shell is lined and coated 
with portland cement mortar for corrosion protection. Each fitting is designed for 
the same external load and internal pressure as the adjoining pipe. Common fittings 
are elbows, tees, wyes, reducers, wall pieces, and adapters. Adapters are needed 
for connections to other types of joints such as flanges, mechanical joints, and 
couplings. Figures A8.4 through A8.7 show the general configurations of elbows, 
tees, concentric reducers, and flange adapters. 

Special pipe consists of prestressed pipe lengths with additional features such 
as outlets or beveled ends. Prestressed pieces with a laying length shorter than the 


standard constitute a special pipe that can be supplied to match specific job require- 
ments. 
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Fittings mesh on all 
mortared surfaces 


Hardway transition bar 


Laying length 


Small end internal diameter ; 
x 
Y 


Large end intemal diameter 


Joint depth ———» 4— 


mortar lining 


Steel cylinder 
mortar coating 


FIGURE A8.6 Typical concentric reducer fitting. 


mortar inside and outside 


Flange x Spigot 


Laying length | 5 


Flange x Bell 


Laying length Joint 


A 
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FIGURE A8.7 Typical flange adapters. 
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DESIGN 


Design Parameters 


PCCP is designed as a rigid structure to resist the simultaneous application of 
external loads and internal pressures. External dead loads normally encountered 
are earth loads, foundation loads, or surcharges applied at the ground surface. 
External live loads are caused by vehicular traffic, railroads, or construction equip- 
ment. The weight of the pipe and the weight of water inside the pipe are also 
considered in the design procedure. Internal pressures used for design are the 
working pressure, transient pressure, and the field hydrostatic test pressure. The 
working pressure should be the expected steady-state internal pressure for the 
system. The transient pressure is the expected internal pressure over and above 
the working pressure that can occur during surge (water hammer) conditions. If 
the purchaser does not include a transient pressure in the specifications, the AWWA 
C304 design standard requires that, as a minimum, the transient pressure allowance 
be 40 percent of the working pressure, or 40 psi (0.27 MPa), whichever is greater. 
A postconstruction hydrostatic pressure test is usually conducted to confirm the 
structural integrity and watertightness of the completed system. In the absence of 
a field hydrostatic test pressure specified by the purchaser, the AWWA C304 design 
standard requires the use of a test pressure of 1.2 times the working pressure. 
Support under the pipe provided by the bedding material must also be used in the 
design procedure. Various suggested bedding types are shown in the AWWA C304 
design standard. 

The pipe purchaser's plans and specifications should contain as a minimum the 
following design parameters for PCCP: 


Earth cover over the top of the pipe 

Expected live load (normally AASHTO HS20 truck loading configuration) 
Internal working pressure 

Internal transient pressure allowance 

Field hydrostatic test pressure 

Bedding type 


The pipe and fittings manufacturer will design and manufacture the pipe and 
fittings to comply with the pressures and loadings specified. 


Hydraulics 


Energy use in pipeline operation can be greatly reduced during the design stage. 
Head losses due to pipe wall friction are among the most manageable causes of 
energy consumption for pipelines which use pumps. These losses can be minimized 
with the use of pipe which has excellent long-term hydraulic characteristics and by 
selecting a large enough pipe diameter to avoid high-flow velocities which accelerate 
energy costs. Energy savings resulting from these design decisions will help reduce 
operating costs each year throughout the life of the pipeline. 
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Flow Formulas 


Over the years, many empirical flow formulas have been proposed. The Hazen- 
Williams formula, shown below, was first published by Allen Hazen and Gardner S. 
Williams in 1905, and continues to be the most widely used for pressure pipe systems. 


hi 0.54 h, 0.54 
v -ossoc, (^E) d99? — (Ag.]) v - oasis, (7) q9 5? (A8.1M) 


where V — mean velocity, ft/s where V — mean velocity, m/s 
C, = Hazen-Williams flow C, = Hazen-Williams flow 
coefficient coefficient 
d — inside pipe diameter, ft d — inside pipe diameter, m 
h; = head loss, ft h; = head loss, m 
L = pipe length, ft L = pipe length, m 


A statistical analysis of 67 flow tests of concrete pressure lines was made by 
Swanson and Reed and published in the January 1963 AWWA Journal.’ Some of 
this pipe was manufactured as early as 1895. This report presented a “‘best fit" mean 
deviation comparison with the well-known formulas by Hazen-Williams, Morris, 
Moody, and Scobey. The authors concluded that the Hazen-Williams expression 
for head loss most closely matched the test results for the range of velocities normally 
encountered in water transmission. The average mean deviation between calculated 
and observed losses was lowest for the Hazen-Williams formula. A regression 
analysis least-squares method was used to develop a correlation equation for the 
Hazen-Williams “C,” term for concrete pipe, as follows: 


C, = 139.3 + 2.028d (A8.2) Cy, = 139.3 + 6.654d (A8.2M) 
where d = inside pipe diameter, ft where d = inside pipe diameter, m 


The Hazen-Williams flow formula can be rewritten in a more convenient form 
where head loss is expressed in terms of flow velocity. 


Head loss in ft: Head loss in m: 


L 1.852 L 1.852 
hr = 3.021 7g (=) (A8.3) hy = pB102 rie (=) (A8.3M) 


Head Losses Due to Fittings 


While head losses due to fittings are generally a minor portion of the overall head 
loss in a pipeline, they can be important in certain applications such as treatment 
plants when the length of a line is short and the number of fittings is high. These 
head losses occur in elbows, reducers, enlargements, valves, and other fittings in 
the pipeline. The rational method of calculating these losses assumes full turbulence 
and expresses the loss in terms of velocity head. This expression is 
y2 
hy =C (A8.4) 
2g 
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where h; = head loss, ft (m) 
V — velocity, ft/s (m/s) 
C; — a dimensionless coefficient 
g = acceleration due to gravity, 32.2 ft/s? (9.81 m/s?) 


Values of “C”? commonly used for design purposes for a variety of fittings 


and appurtenances, along with a more comprehensive treatment of hydraulics, are 
included in the AWWA manual *M9— Concrete Pressure Pipe.’ 


MANUFACTURE 


Figure A8.8 illustrates the various steps in the manufacturing process for 
PCCP. 

Figure A8.9 shows the various steps in the manufacturing process for fittings. The 
AWWA standard C301* provides a comprehensive description of the manufactur- 
ing requirements for pipe and fittings. The purchaser should require, in the specifi- 
cations, that all pipe and fittings be manufactured per the AWWA C301 
standard. 


Quality Assurance 


All PCCP manufacturers should establish quality assurance departments within the 
pipe plant to provide step-by-step attention to all production procedures and assure 
that all machinery and equipment is operating properly. Incoming raw materials 
must be carefully inspected and tested for compliance with the governing standards. 
The AWWA C301 standard contains the testing methods to be used and acceptance 
criteria for all raw materials to be incorporated into the pipe and fittings. 


fabricate steel joint rings weld steel cylinder weld joint rings 
to cylinder 
place concrete to hydrostatic test of 
bre Corieretesenre form core cylinder assembly 


apply cement-rich mortar 
coating over wire 


apply prestressing wire 
to core 


cure mortar coating 


T 


| 


transportation to final inspection 
installation site and storage 


ms] 
=e 


FIGURE A8.8 PCCP manufacturing process. 


PRESTRESSED CONCRETE CYLINDER PIPE (PCCP) AND FITTINGS A.407 


weld steel plate to 
form fitting 


cut and roll steel plate 


affix appropriate joints 


i TS 


apply mortar coating to weld wire mesh inside 
inside and outside and outside 


test welds for integrity 


final inspection transport to 
and storage installation site 


cure mortar coating 


FIGURE A8.9 Fittings manufacturing process. 


JOINTS 


Rubber O-ring Bell and Spigot Joint 


Figures A8.3a and A8.3b show a cross-section of the typical LCP and ECP bell 
and spigot joint. As can be seen, an O-ring rubber gasket is compressed into the 
spigot groove by the bell ring when assembled to form a water-tight seal. Portland 


Hex bolt and nut for 
drawing Snap Ring down 


U-nut 


Grout hole 


Bolt tabs 
mounted on 
Snap Ring 


9) |. mortar coating 


concrete core 


Snap Ring 


Snap Ring recessed Snap Ring drawn down Grout after laying 


in bell during assembly onspigotring — — monar coating 


mortar coating 


coneiete Gore Joint closed - Snap Ring 
recessed in bell 


FIGURE A8.10 Snap Ring® restrained joint. 


Snap Ring in final position concrete core 
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cement grout is poured into a fabric band (diaper) by the installer to provide 
corrosion protection. 


Restrained Joints 


Figure A8.10 depicts a Snap Ring? type restrained joint and Fig. A8.11 a harness 
clamp type restrained joint. These joints can be used to resist axial tensile forces 
on the pipe due to unbalanced thrusts caused by internal pressure at fittings such 
as elbows, tees, and bulkheads. The Snap Ring joint incorporates a split ring which 
is preassembled in the manufacturing plant so that it is recessed into a groove in 
the bell ring. After the spigot is pushed home into the bell, the installer tightens a 
single bolt which draws the split ring down around the shank of the spigot ring. 
This effectively locks the joint together. The harness clamp joint utilizes a two-part 
clamp which engages bars on the bell and spigot rings. After the spigot is pushed 
home into the bell, the installer places the clamp halves over the harness bars, 
securing them with bolts and nuts. The clamp installed in this manner locks the 
joint together. 


harness clamp 2-inch diameter harness clamp, 2.inch diameter 
Grout after | grout hole Grout after | grout hole 


laying Rubber O-ring on Pureer eig 
gasket 


[enn 


joint depth 
FIGURE A8.1la Lined cylinder pipe harness Joint depth 
clamp restrained joint. 
FIGURE AS8.11b Embedded cylinder pipe 
harness clamp restrained joint. 
Grout fill hole 
Drawbolts and lugs : Drawbolts and lugs 
on each side i on each side 
(one per side i (two per side 
on LCP) —> 4—, on ECP) 


| 


| a 


[xfi 
[rna] n 


Inspection hole 
FIGURE AS8.1lc Harness clamp. 


PRESTRESSED CONCRETE CYLINDER PIPE (PCCP) AND FITTINGS A.409 
Grout after laying 


Joint test gasket 
Q C Q. te] Q o a Q xr] 
A Standard laying gasket 
4 A A 3 Testable bell 
4 
Steel cylinder 
3 A l 
A A | —— Testable spigot 
~ Drilled and tapped hole 
Joínt depth EM 


Steel plug with O-ring gasket 


Pressure test coupling, 
pump, and gauge 
To air supply 
< ERO 


FIGURE A8.12 Testable joint. 
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FIGURE AS8.13a Lined cylinder pipe. 
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FIGURE A8.13b 


Embedded cylinder pipe. 
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Grout after 
bonding completed 


Copper cable 


Steel shorting 
strap 


(a) Embedded Cylinder Pipe 


Grout after 
Copper cable bonding 
completed 


(b) Lined Cylinder Pipe 


Wire fusion welded Slack in bonding cable 
to steel clip to allow for movement 


(c) Steel Clips Welded to Joint Rings 


FIGURE AS8.14 Bonded joint. Exothermic fusion welded copper 
cable method. 


Testable Joints 


Figure A8.12 shows a joint configuration which allows for testing the joint seal 
without the need to fill the pipeline with water. These joints are normally used 
when pipe is installed in a manner that necessitates immediate verification of the 
gasket seal. This feature is sometimes necessary for certain pipelines in power, 
industrial, water, and wastewater plants; for pipe in tunnel casings; and for subaque- 
ous pipelines. This can be an effective tool for finding a problem with a joint seal 
at the time it can most easily be corrected. Testable joints are normally available 
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in diameters NPS 54 (DN 1350) and larger. However, some manufacturers may be 
able to supply them in smaller diameters. Testable joints should not be considered 
a replacement for postconstruction hydrostatic pressure tests since they do not 
confirm the overall system integrity (restrained joints or concrete thrust blocks) 
and watertightness of connecting appurtenances such as valves and access manholes. 

Other types of special joints available for PCCP include subaqueous joints and 
bonded joints. Subaqueous joints, depicted in Figs. A8.13a and A8.13b, are designed 
to facilitate jointing underwater by divers. They normally incorporate external lug 
and drawbolt assemblies. Bonded joints, shown in Figs. A8.14a, A8.14b, and A8.14c, 
are designed to provide electrical continuity across the joint for the future monitor- 
ing of electrical activity on the pipeline or for the application of cathodic protection. 


INSTALLATION 


Pipe Handling and Storage 


A crane or backhoe outfitted with a steel cable sling may be used to unload pipe 
unless the pipe has a special exterior coating that could be damaged by a steel 
cable sling. In such cases, a fabric sling should be used. Multiple slings are often 
used in handling large pipe and fittings. Pipe can be stored directly on the ground 
in nonfreezing conditions. If freezing conditions are expected, the pipe should be 
set on wooden timbers off the ground to prevent the pipe from becoming frozen 
to the ground. Rubber gaskets should be stored in a cool place, out of the sun, 
away from fuel oil, gasoline, electric motors, and any other environment that can 
damage rubber. 


Excavation and Bedding Preparation 


In most cases, the trench is excavated to be long enough for one section of pipe. 
The trench should be wide enough to allow installing personnel adequate room to 
work at the sides of the pipe. Pipe should not be laid directly on rocks or other 
unyielding foundation. Refer to the AWWA C304 standard for the bedding and 
backfill requirements for PCCP. 


Jointing 


Just prior to jointing, the steel joint rings should be carefully cleaned and the 
rubber gasket and contact surfaces of the joint rings lubricated. Only lubricant 
recommended by the pipe manufacturer should be used. Once the joint ends are 
properly prepared and the rubber gasket is in place on the spigot, the ends are 
aligned so the spigot will enter the bell squarely. Then the spigot is pushed home 
with a smooth, continuous motion. The position of the gasket is then checked in 
the manner recommended by the pipe manufacturer. A fabric band is secured 
around the exterior joint recess to receive the portland cement grout for corro- 
sion protection. 


A.412 PIPING FUNDAMENTALS 


Backfilling 


After the joint has been assembled and the exterior joint recess has been grouted, 
the pipe can be backfilled to grade. In general, the requirements for backfilling 
rigid PCCP will not be as critical as for flexible types of pipe such as steel, plastic, 
and ductile iron. The backfill in contact with the pipe should not contain large 
rocks, clods, or excessive organic material. 


Field Hydrostatic Testing 


In most situations, a post-construction hydrostatic pressure test of the completed 
pipeline is required before final acceptance by the owner. For very long lines, it 
may be convenient to test shorter sections as they are completed rather than wait 
and test the entire project at one time. This test can verify the overall system 
integrity such as the restrained joints or thrust blocks and the watertightness of the 
connecting appurtenances such as valves, access manholes, and outlets. 


Repair 


Occasionally, damage may occur in the field due to impacts from construction 
equipment or other objects. Minor damage can usually be repaired in the field by 
qualified personnel. Major damage may require shipment of the piece back to the 
manufacturing plant for repair or replacement. Before attempting any repairs in 
the field, the pipe manufacturer should be consulted for specific recommendations 
and assistance. 


Special Installation Situations 


During the design phase of some projects, areas of unstable soil conditions and 
crossings of small rivers, streams, or canals should be identified. In these cases, a 
pier support arrangement for the pipe may be needed. The pipe for this application 
must be designed and manufactured to span the supports and to resist the concen- 
trated load applied to the pipe at the support. 

PCCP to be placed underwater such as for intakes, outfalls, or lake and river 
crossings may require special consideration for joining pipe underwater by divers. 
PCCP to be used for subaqueous lines may have modifications made to the joints 
to allow for joint engaging assemblies such as drawbolts, or special devices may be 
used which create a vacuum force to pull the joint home while the pipe's weight 
is supported by a barge-mounted crane. In either case, it may be advantageous to use 
longer pipe lengths in order to minimize the number of underwater joint assemblies. 

The concrete and mortar linings and coatings specified in the AWWA C301 
standard provide ample corrosion protection in most buried environments. There 
are, however, certain conditions where the ability of the concrete and mortar to 
provide a passivating environment around the embedded steel may need to be 
supplemented. Additional protective measures may be needed in these instances. 
These conditions include 


* High chloride environment 
* Stray current interference 
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* High sulfate environments 

* Severe acid conditions 

* Aggressive carbon dioxide 

* Atmospheric exposure 

* Connections to other pipelines 


Refer to the AWWA manual *M9— Concrete Pressure Pipe’ for further infor- 
mation on the identification and evaluation of these conditions. The pipe manufac- 
turer should also be consulted for specific recommendations and availability of 
supplemental protective measures. 


Tapping Prestressed Concrete Cylinder Pipe 


Outlets, tees, and wyes can be built into the pipe when their need is identified at 
the time the project is designed. When unforeseen circumstances occur that require 
outlets, connections, or branch lines on already installed pipe, tapping of PCCP 
can be done. 

Tapping PCCP for connecting outlets after a pipeline is installed is a common 
occurrence on most public works projects. Taps can easily be made on PCCP. In 


«—— Tapping machine 
(typical) 
«—— Drill bit 
E] 4— Adapter 


e 


& 


*«— Corporation stop 


«— Gland nut 
«— Gland 


After the tap is installed, all metal parts must 
be encased in a 1:3 concrete or mortar mix 
with a minimum cover of 1 inch. 


FIGURE AS8.15 Strap-type tapping saddle assembly. 
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Prestressing wires 


grout opening 


Exposed area 


Gland 


After the tap is installed, all metal 
parts must be encased in a 1:3 concrete 
or mortar mix with a minimum cover of 1 inch. 


FIGURE A8.16  Flange-type tapping saddle assembly. 


most cases, the tap can be done under pressure without interrupting service to 
customers. Tap diameters commonly range from NPS ?4 (DN 20) up to one size 
smaller than the pipe being tapped. For full size branch connections, a cut-in tee 
arrangement or a line stopping process may be feasible. The tapping saddle assembly 
used must be properly designed to work with PCCP. Figure A8.15 shows a strap- 
type tapping saddle assembly, and Fig. A8.16 shows a larger flange-type tapping 
saddle assembly. The strap-type saddle is normally used for tap diameters NPS 3⁄4 
(DN 20) to NPS 2 (DN 50). The flange-type saddle is used for tap diameters NPS 
3 (DN 80) and larger. Consult the pipe manufacturer for additional information 
on tapping saddle assemblies and services provided. 
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CHAPTER A9 


GROOVED AND PRESSFIT 
PIPING SYSTEMS 


Louis E. Hayden, Jr. 
Divisional Operations Manager 
Victaulic Company of America 

Easton, Pennsylvania 


The use of mechanical joints in the design and construction of piping systems is 
rapidly becoming a general practice. This chapter discusses two types of mechanical 
pipe joints. The first is a mechanically pressed joint called Pressfit?* that is designed 
to join light-wall carbon steel and stainless steel pipe. The second joint is generically 
termed a grooved joint. This type of joint is designed for joining any type of pipe, 
metallic or nonmetallic, that is capable of being cut or roll grooved. 

Both types of joints rely on a mechanical interlock with the pipe end for pressure 
and structural integrity and an elastomeric gasket for the pressure boundary seal. 


PRESSFIT® 


Introduction 


The Pressfit piping system is an innovative, rigid, self-restrained mechanical joining 
method for schedule 5 or lighter weight lightweight stainless steel and carbon steel 
pipe. This proprietary mechanical pipe joint is designed for use in small-bore piping 
systems, NPS Y? (DN15) to NPS 2 (DN50). The Pressfit system may be applied to 
any service that is compatible with the piping materials, the gasket material, and 
the temperature range of the system, unless prohibited by the manufacturer's in- 
structions. Typical applications would include building-services piping, potable wa- 
ter, fire protection, heating and cooling, industrial processes, process cooling and 
heating systems, plant utilities, and vacuum systems. 


Joint Concept 
The Pressfit joining system concept is illustrated in Fig. A9.1 The left side of Fig. 
A9.1 shows the pipe fully inserted into the Pressfit fitting in the "unpressed" condi- 


* Pressfit? is a registered trademark of Victaulic Company of America. 
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FIGURE A9.1 Pressfit joint. 


tion. The right side of Fig. A9.1 shows a cross-sectional view of the Pressfit joint 
in the “pressed” condition. Note that the pressing operation indents the Pressfit 
fitting and pipe, thus providing the mechanical restraint required to resist pressure 
and external loads that try to separate the pipe. The O-ring seal has also been 
compressed to provide the pressure-boundary seal of the joint. Additionally, the 
final pressed shape of the Pressfit joint provides resistance to torsional movement. 


Industry Specification, Codes and Product Testing 


Pressfit fittings and pipe meet the requirements of the following specifications, 
codes, and standards: 


Pressfit carbon steel products meet the requirements of ASTM A53 Grade A 
and A135 Grade A. Pressfit stainless steel products meet the requirements of 
ASTM A312 Grade 316/316L and ASTM A269 Grade 304/304L. 


Pressfit products meet the requirements for use in piping systems designed to 
comply with ASME B31.1, B31.3 and B31.9 piping codes. Pressfit products are 
qualified for use in these systems by the following paragraphs: 


ASME B31.1, Power Piping, Paragraphs 104.1.2, 104.7(c), and 118 

ASME B31.3, Process Piping, Paragraphs 304.1, 304.7.2(a), and 304.7.2 
ASME B31.9, Building Services Piping, Paragraphs 904.7, 904.7.2, and 913 
Codes and standards that have approved or listed Pressfit products are 
Underwriters’ Laboratories—UL Listed 

Underwriters’ Laboratories Canada —ULC Listed 

Factory Mutual—FM Approval 


Southern Building Code Congress International, Public Safety Testing, Evaluation 
Service Inc.—SBCCI, PST, and ESI Report No. 9535 
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International Conference of Building Official and Uniform Mechanical Code— 
UMC, ICBO-ES Report No. 5079 


Building Officials and Code Administrators BOCA Evaluation Services Inc. 
Listed Report No. 93-3 Cat. 22 and Cat. 15 
National Fire Protection Association—NFPA 13 


Underwriters’ Laboratories—ANSI/NSF-61 listed for stainless steel potable wa- 
ter service 


System Pressure and Temperature Rating 


The Pressfit pipe joining system, when installed in accordance with the manufactur- 
er’s instructions, is rated as follows: 


* Pressfit joints are rated for 300 psi (2065 kPa) when used in general service or 
process systems. 


* Pressfit joints are rated for 175 psi (1200 kPa) for all fire protection services. 


* The maximum and minimum continuous service temperatures for Pressfit joints 
are defined by the selection of the O-ring seal which is compatible with the 
system fluid. Thermal service conditions are shown in Table A9.1 A comparison 
of the maximum allowable design pressure of the Pressfit joint to an ASME 
Class 150 joint over the temperature range from ambient to the maximum con- 
tinuous service temperature of the Pressfit joint is shown in Figs. A9.2, A9.3 
and A94. 


Joint Installation 


Pressfit pipe fittings are designed to be installed on square cut, plain-end pipe. No 
special pipe-end preparations are needed. Pressfit joints are made using generally 
accepted pipe fitting techniques with the addition of the following requirements: 


* Each pipe end must be marked by measuring back from the end to establish an 
insertion or witness mark. This mark should be highly visible and extend for at 
least 180? of the pipe circumference. The insertion depth should be measured 
and marked as shown in Table A9.2. 


* The marked pipe end should be fully inserted into the Pressfit fitting completely 
to the pipe stop. The insertion or witness mark should be adjacent to the end of 


TABLE A9.1 


Elastomer Minimum temperature Maximum temperature 
EPDM (Grade *E")* —30°F/—34°C +230°F/+110°C 
Nitrile (Grade *T")* —20°F/—29°C +180°F/+82°C 


Fluoroelastomer (Grade **O")* —20°F/—7°C +300°F/+149°C 


* Grade designations “E,” “T,” and “O” are commercial designations assigned by Victaulic Company 
of America for product identification purposes only. 
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the Pressfit fitting. The Pressfit pipe fitting should be squared to the pipe and 
pressed onto the pipe using the proper pressing jaw and Pressfit tool. 


System Installation 


As with all piping systems, a Pressfit system must be properly installed to provide the 
system performance envisioned by the piping designer. At minimum, the following 
installation requirements should be considered: 


* System Support: Like all other piping systems, pipe joined with Pressfit joints 
requires support to carry the weight of the piping system, system fluid, and other 


system equipment. As in other methods of joining pipes, the support or hanging 
method must be adequate to eliminate undue stresses on joints, piping, and other 


TABLE A9.2 


Pressfit insertion mark depth—In (mm) 


NPS %4 NPS 1 NPS 1% NPS 1% 
DN 20 DN 25 DN 32 DN 40 


1 1 1% 1% 
(25) (25) (32) (40) 
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TABLE A9.3 


Suggested maximum span between supports—approved Pressfit pipe ft (m) 


Nominal Water service Gas/air service 
pipe 
size UL/ULC/FM* B31.1 B31.1 B31.9 


NPS % = 7 9 8 
DN 20 = (2.1) (2.7) (2.4) 


NPS 1 7 9 9 
DN 25 (2.1) (2.7) (2.7) 


NPS 1% 7 9 11 
DN 32 (2.1) (2.7) (3.4) 


NPS 1% 7 9 13 
DN 40 (2.1) (2.7) (4.0) 


NPS 2 10 13 15 
DN 50 (3.1) (4.0) (4.6) 


* Carbon steel only 


system components. The suggested maximum span between supports for Pressfit 
piping systems is shown in Table A9.3. 


Thermal Expansion and Contraction: As with all rigid piping systems, piping 
installed utilizing Pressfit joints must be reviewed by the piping designer to assure 
proper allowances are incorporated 
into the piping system design to elimi- 
nate undue stresses from thermal 
expansion or contraction. The use of 
flexible mechanical coupling-type 
expansion joints is highly recom- 
mended for this service. If installation 
of flexible mechanical joints is not pos- 
sible or desired, the designer is encour- 
aged to use single-leg (Z-shaped) or 
dual-leg (U-shaped) expansion com- 
pensation loops as shown in Figs. A9.5 
and A9.6 For calculated piping move- 
ment, A/, the minimum expansion 
compensate leg length L may be deter- 
mined by using Figs. A9.7 and A9.8 


As a result of thermal expansion i . . 
and contraction of pipe, Pressfit joints may be subjected to torsional or rotational 
movement. Rotational angles must be limited to a maximum of 5*. 


FIGURE A9.5 Z-shaped expansion compen- 
sator. 


Advantages of Pressfit 


The Pressfit pipe joint was conceived to provide a fast, clean, and cool method of 
installing lightweight carbon and stainless steel piping systems. Advantages provided 
by using Pressfit are listed as follows: 
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pipe with fittings. 


* The Pressfit piping system, with its lower weight, lack of required pipe-end prepa- 
ration, along with ease and speed of pressing joints, will provide a lower final 
cost installation to the contractor and owner than the same size carbon or stainless 
steel system installed by threading, flanging, or welding. 


Due to the design of the Pressfit fitting, piping designers can take advantage of the 
full-rated pressure capability of the Pressfit fitting across the allowed temperature 
range of the selected O-ring material. Pressure derating with an increase in metal 
temperature is not a factor in Pressfit systems as compared to a flanged system. 
Refer to Figs. A9.2, A9.3, and A9.4 for comparison. 


* Pipe used in piping systems utilizing Pressfit joints has thinner nominal wall 
thickness than Schedule 40 pipe used in most applications where Pressfit should 
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be considered. This difference results in significant increases of flow area and less 
pressure drop in Pressfit piping systems, compared to systems designed utilizing 
Schedule 40 pipe. A tabulation of these factors is shown in Tables A9.4 and A9.5. 


* When considering carbon steel Pressfit and Schedule 40 piping from an internal 
corrosion perspective, the Pressfit system provides adequate performance when 
used in closed-loop service where water treatment is maintained or introduction 
of oxygen into the system is limited to periodic testing or system makeup. In 
Table A9.6 and Fig. A9.9, the corrosion resistance ratio (CRR) of Schedule 5 
and Schedule 40 carbon-steel Pressfit pipe are compared. The corrosion resistance 
ratio (CRR) is a method, established by Underwriters’ Laboratories in 1970, by 
which to compare the effective wall thicknesses for various pipes. The effective 


TABLE A9.4 Friction Loss 


Friction loss (psi per ft) C = 120 


Schedule 10 Schedule 40 


NPS (DN) Schedule 5 psi Higher psi Higher 


Vo (15) 0.500 0.643 22% 0.951 90% 


34 (20) 0.3713 0.4510 21% 0.6351 1% 


1 (25) 0.2584 0.3773 46% 0.4691 82% 


1% (32) 0.4062 0.5426 34% 0.6721 66% 


1% (40) 0.2800 0.3592 28% 0.4445 59% 


2 (50) 0.1330 0.1616 22% 0.1989 50% 
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TABLE A9.5 Flow Area 


Available flow area (sq in) 


Schedule 10 Schedule 40 


NPS (DN) Schedule 5 Flow area Flow area Less 


Vo (15) 0.396 0.357 0.304 2396 


34 (20) 0.655 0.614 0.533 2096 


1 (25) 1.103 0.945 0.864 22% 


1% (32) 1.839 1.633 1.496 19% 


1% (40) 2.461 2.222 2.036 17% 


2 (50) 3.960 3.650 3.360 15% 


wall thickness is the minimum thickness remaining at any point within a system 
which has exposure to both internal and external corrosion. For Schedule 5 pipe, 
the effective wall thickness is the minimum allowed by the applicable ASTM 
standard and for threaded Schedule 40, it is the minimum remaining thickness 
under the first exposed thread. Threaded Schedule 40 is used as the baseline and 
has a CRR of 1. Piping with a CRR greater than 1 will have an effective wall 
thickness greater than threaded Schedule 40. As can be seen in the table above, 
Schedule 5 Pressfit pipe has an effective wall thickness greater than threaded 
Schedule 40 in sizes up through NPS 1% (DN 40). This is normally adequate to 
assure long system life. 


TABLE A9.6 


Corrosion resistance ratio 

Nominal carbon-steel pipe 
size 
pipe Schedule 5 Schedule 40 

NPS (DN) Pressfit threaded 


% (20) 3.38 1.00 
1 (25) 2.17 1.00 


1% (32) 1.40 1.00 


1% (40) 1.00 
2 (50) 1.00 
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GROOVED MECHANICAL PIPE JOINTS 


Introduction 


The grooved piping method for mechanically joining pipe is recognized as the fast, 
easy, economical, and reliable method of joining pipe for many services. With over 
70 years of service experience, the grooved piping method is now accepted along 
with the pipe joining methods, such as welding, flanging, and threading. 

The grooved system provides a self-restrained pipe connection which can with- 
stand the full-pressure thrust loads at the maximum-rated working pressure of the 
coupling. Easy assembly also allows easy disassembly. This, in combination with a 
union at every joint, permits easy system access for maintenance, repair, component 
replacement, and retrofits. Also, fittings can be loosely assembled and rotated to 
line up with mating components before the couplings are tightened. This eases 
work in tight places and around existing pipe, structures, or equipment. Features 
such as easy assembly, system access, and installation in confined spaces are not 
available with other joining methods. 


Reference Codes, Standards, and Specifications 


Grooved joints consist of grooved pipe ends and grooved pipe couplings. The pipes 
themselves may meet many various industry specifications. The pipe ends and 
couplings meet the requirements of the following: 


Pipe Grooves—ANSI/AWWA (606-87 Grooved and Shouldered Joints 


Pipe Couplings—ASTM F1476-93 Standard Specification for Performance of 
Gasketed Mechanical Couplings for use in Piping Applications 


Grooved couplings may meet the requirements or be listed by the following 
codes or agencies. The designer should check with the coupling manufacturer to 
verify compliance or listing: 


American Bureau of Shipping (ABS) 
American National Standards Institute (ANSI) 
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American Petroleum Institute (API)—API Std. 5L Sect. 7.5 


American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE) 


American Society of Mechanical Engineers (ASME) Pressure Piping Code, B31; 
B31.1, Power Piping; B31.3, Process Piping; B31.5, Refrigeration Piping; B31.9, 
Building Services Piping; B31.11, Slurry Pipelines 


Building Officials and Code Administrators (BOCA) 

Canadian Standards Association—B242 (CSA) 

Factory Mutual Research Corp. (FM)— Approved for fire protection services 
International Association of Plumbing & Mechanical Officials (LAPMO) 
National Fire Protection Association (NFPA) 

New York Materials and Equipment Acceptance (NY-MEA) 


Southern Building Code Congress International (SBCCI)— Standard Plumbing 
and Mechanical Code 


Underwriters’ Laboratories, Inc. (UL)— Listed for fire protection services 


Underwriters’ Laboratories of Canada (ULC)— Listed for fire protection ser- 
vices 


Underwriters’ Laboratories Inc. Listed (ANSI/NSF-61) 


Joint Concept 


The grooved pipe-joining method is simple and reliable. The coupling housing 
performs several functions as an integral part of the pipe joint. It contains the fully 
enclosed gasket and reinforces and secures it in position for a proper seal. The 
housing also engages the pipe grooves around the full pipe circumference and 
creates a unified joint while it provides the advantages of mechanical joining. The 
leak-tight joint is created without exposing workers and property to the fire, smoke, 
and health hazards associated with welded joints or with welding flanges onto pipe. 


Types of Grooves 


Cut Groove. Grooved piping systems normally use two types of grooves. The first 
type, cut groove, is achieved by machining a groove in the pipe end. This type of 
groove may be used for standard weight and heavier pipe walls, cast ductile iron 
pipe, and other pipe materials that do not lend themselves to mechanical deforma- 
tion, such as fiberglass reinforced plastic. Cut grooving removes material from the 
pipe wall and therefore should not be used for grooves in pipes with walls thinner 
than standard weight. 


Rolled Groove. The second type, roll groove, is achieved by placing the pipe end 
in a roll grooving machine and rolling (mechanically deforming) a groove into the 
pipe. This grooving is accomplished by pressing a grooving roll into the pipe wall 
as the pipe is rotated by the machine. The resultant groove does not remove any 
pipe material. Fig. A9.10 shows the roll grooving process. 
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FIGURE A9.10 Roll grooving process. 


Types of Couplings 


Flexible Couplings. As with grooves, there are two basic types of pipe couplings. 
The first type is defined as a flexible coupling. Flexible couplings allow for controlled 
pipe movement within the coupling while maintaining a positive seal and a self- 
restrained joint. Such performance is achieved through the combination of the 
elastomeric gasket, which seals the joint, with the housing, which engages the groove 
without clamping rigidly onto the pipe. The design allows for expansion, contraction, 
and deflection generated by thermal changes, building or ground settlement, and 
seismic activity. Pipe movement accommodation with flexible couplings will mini- 
mize the stresses that can be generated by this movement. Figure A9.11 is an 
exaggerated illustration of a flexible coupling. A welded system requires additional 
components such as expansion loops and expansion joints, since it consists solely 
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of rigid connections and has no inherent characteristics to prevent the buildup of 
thermal and mechanical stresses. 

In order to ensure that the flexible behavior is available when required, it is 
necessary to support a flexible system in such a manner as to direct all motion to 
the preferred location. For example, to accommodate piping expansion in a long 
piping run, pipe lengths should be in axial alignment joined by properly gapped 
pipe couplings between two opposing anchors. When used in mechanical equipment 
rooms and on pump connections, flexible couplings will characteristically provide 
greater piping deflections than those generated by traditional piping methods when 
adequate additional support is provided. 

Flexible couplings do not clamp rigidly onto the pipe. Therefore, every joint 
minimizes noise and vibration transmission to the piping system generated by pumps 
or other equipment (in contrast to other joining methods). Independent laboratory 
tests have confirmed that three flexible couplings connected in a series reduce more 
vibration than do elastomeric-arch or corrugated flexible-metal hose-type vibration 
isolators. Welded, flanged, or threaded joints offer no vibration attenuation, so 
additional costly vibration control devices are required. 


Rigid Coupling. The second type of coupling is defined as rigid coupling. Rigid 
couplings positively clamp the pipe to create a rigid joint, so axial movement and 
deflection are eliminated. They are particularly useful on risers, mechanical rooms, 
horizontal runs with numerous branches, and other areas where flexibility is not 
desired. Proper rigid coupling installation provides system behavior characteristics 
similar to those of other rigid systems, so that all piping remains in strict alignment 
and is not subject to axial or angular movement during operation. Figure A9.12 is 
an exaggerated illustration of a rigid coupling. For this reason, systems installed 
with rigid couplings utilize support techniques similar to those used in traditional 
flanged and welded systems and do not require additional support as in a flexible 
system. ASME Pressure Piping Code Section B31.1, Power Piping, and B31.9, 
Building Services Piping, may be used as guidelines for supporting rigid systems. 
Risers consisting entirely of rigid couplings can be treated similarly to welded piping 
systems, and where thermal movement is required, expansion joints or offsets will 
be necessary to prevent piping system movement and damage to components. The 
piping systems using rigid couplings are obviously advantageous where rigidity is 
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desired, as in mechanical equipment rooms, long straight runs, and similar applica- 
tions. 


Using Flexible and Rigid Couplings in a Piping System. When both flexible 
and rigid couplings are utilized, the system designer can optimize hanger spacing, 
eliminate expansion loops and flex connectors, and incorporate rigidity and flexibil- 
tiy where desired. An example of such a system would be a pumping system which 
bridges two buildings via an underground line. At the pump end, rigidity may be 
desirable in the mechanical room to control piping motion, whereas within the 
straight piping run between buildings, flexible couplings are the most desirable 
to accommodate anticipated settlements or thermal movements. In the adjoining 
building for the distribution system, it may be advantageous to use a rigid system, 
as a high-joint intensity may require an extensive support system when flexible 
couplings are used. By designing risers and long straight runs with rigid and flexible 
couplings, the designer can make use of the rigidity of rigid couplings to reduce 
guiding requirements and the flexibility of flexible couplings to accommodate ther- 
mal movement as required. 

The use of flexible and rigid couplings provides a variety of benefits to the system 
designer, installer, and owner, which results in the most reliable system for most 
applications and makes the grooved method an excellent choice for joining pipe. 


Grooved Joint Gaskets 


Many factors must be considered in determining the optimum gasket for a specific 
service. The foremost consideration is temperature, along with concentration of 
product, duration of service, and continuity of service. Temperatures beyond the 
recommended limits have a degrading effect on the polymer. Therefore, there is a 
direct relationship between temperature, continuity of service, and gasket life. 

The piping system designer should also consider the gasket style that will provide 
the desired system performance. Three basic styles are shown in Fig. A9.13 The 
standard gasket style is suitable for most piping system applications. The FlushSeal® 
style is designed with a centrally located lip that seals the internal gasket cavity 
and minimizes the entrapment of system fluids or debris. The EndSeal® seals the 
pipe ends to virtually eliminate entrapment of system fluids and debris. The piping 
system designer should review the grooved joint manufacturer's gasket styles and 
select the style most suited to his system design. 
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FIGURE A9.13 Gasket styles. 


Gasket Selection 


A variety of synthetic rubber gaskets are available to provide the option of grooved 
piping products for the widest range of applications. To assure the maximum life 
for the service intended, proper gasket selection and specification is essential. 

The compounding of synthetic rubbers is both a science and an art form. There 
are many gasket materials available from the various manufacturers of grooved 
pipe joints. The piping system designer should consult the manufacturer for gasket 
material recommendations about the grooved joint he has specified. The designer 
is further cautioned that in instances where a gasket is not affected by several 
substances used alone, their combination could adversely affect the gasket. Where 
possible, these materials should be subjected to simulated service conditions to 
determine their suitability. 


FlushSeal? and EndSeal® are registered trademarks of Victaulic Company of America. 
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TABLE A9.7 Maximum Working Pressure 


Rigid coupling 
(Victaulic style 97) 


PIPING FUNDAMENTALS 


Flexible coupling 


Nominal Maximum 
pipe size work Pressfit 
NPS (DN) psi (kPa) 
1 750 
(25) (5175) 
TA 750 
(32) (5175) 
1% 750 
(40) (5175) 
2 750 
(50) (5175) 
2% 750 
(65) (5175) 
750 
3 O.D. (5175) 
3 750 
(80) (5175) 
4 750 
(100) (5175) 
750 
44 O.D. (5175) 
5 750 
(125) (5175) 
700 
5% O.D. (4825) 
700 
1, 
5% O.D. (4825) 
6 700 
(150) (4825) 
700 
1, 
6% O.D. (4825) 
700 
6% O.D. (4825) 
8 600 
(200) (4130) 
10 500 
(250) (3450) 
12 400 
(300) (2750) 
14 300 
(350) (2065) 
16 300 
(400) (2065) 
18 300 
(450) (2065) 
20 300 
(500) (2065) 
24 250 
(600) (1725) 


Source: Courtesy of Victaulic Company of America. 


(Victaulic style 77) 
Nominal Maximum 
pipe size work Pressfit 

NPS (DN) psi (kPa) 
34 1,000 
(20) (6900) 

1 1,000 

(25) (6900) 
TA 1,000 
(32) (6900) 
1% 1,000 
(40) (6900) 
2 1,000 
(50) (6900) 
2% 1,000 
(65) (6900) 
1,000 
3 OD. (6900) 
3 1,000 
(80) (6900) 
3% 1,000 
(90) (6900) 
4 1,000 
(100) (6900) 
1,000 

1 E 
4% O.D. (6900) 
5 1,000 
(125) (6900) 
1,000 

" E 
5% O.D. (6900) 
1,000 

1 E 

5% O.D. (6900) 

6 1,000 
(150) (6900) 
1,000 

1 E 
6% O.D. (6900) 
1,000 

1 » 
615 O.D. (6900) 
8 800 
(200) (5500) 
10 800 
(250) (5500) 
12 800 
(300) (5500) 
14 300 
(350) (2065) 
15 300 
(375) (206) 
16 300 
(400) (2065) 
18 300 
(450) (2065) 
20 300 
(500) (2065) 
22 300 
(550) (2065) 
24 250 
(600) (1725) 
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TABLE A9.8 Gasket Temperature Rating 


Gasket grade* Temperature range* Compound 


—30*F to +230°F 


—34*C to +110°C EPDM 


—20°F to +180°F 


-29°C to +82°C Nitrilę 


Ambient EPDM 
(Type A) 


—40°F to +160°F 
M-2 —40°C to +71°C 


Epichlorohydrin 


30°F to +180°F 
—1°C to +82°C 


Neoprene 


20°F to +300°F Fluoro- 
—7°C to 149°C elastomer 


—30°F to +350°F 


—34*C to +177°C Silicone # 


+20°F to +180°F White 
—TC to +82°C nitrile 


—20°F to +150°F High modulus 
(EndSeal) —29*C to +66°C nitrile 


* The gasket grades and temperature ranges shown in this table are for gaskets 
as manufactured by Victaulic Company of America. Other manufacturers’ products 
may not be rated as shown here. Consult the gasket manufacturer for exact tempera- 
ture range. 


Pressure-Temperature Ratings. Couplings used in grooved mechanical pipe joints 
are proprietary designs offered by their various manufacturers. The piping system 
designer should review the manufacturer’s literature to determine pressure and 
temperature ratings. Pressure ratings for flexible and rigid coupling are shown in 
Table A9.7, and temperature ratings of gasket materials are shown in Table A9.8, 
courtesy of Victaulic Company of America. 


Piping System Design Considerations. Grooved mechanical-joint piping systems 
have some specific characteristics that are different from conventional threaded, 
welded, and flanged systems. When understood and properly utilized, the piping 
system designer can achieve well-designed, economical piping systems. As always, 
professional piping design practice must prevail. The following considerations 
should be reviewed during the piping system design. 

In all piping systems designs, piping system thermal growth must be considered. 
Common methods of accommodating grooved piping system movement are 1) to 
allow the system to free float. This design method allows the pipe to move in a 
desired direction through the use of anchoring or guidance; or 2) utilize the linear 
movement-deflection capabilities of flexible grooved couplings. 

The selection of either of these methods is dependent on the type of piping 
system and the designer’s preference. Since it is difficult to predict all system designs, 
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it is the intent here to call attention to the mechanical advantages of the grooved 
piping method and how it can be used to the piping system designer's benefit. These 
examples are presented to stimulate thought and should not be considered as 
recommendations for a specific system. 


SSA 


| E 
Pressure Zero » | «^ L 
1 (a 
8 8 S DP» 

Line Pressurized 
FIGURE A9.14 


Free-Floating System 


Free-floating systems are piping systems which are allowed to thermally expand or 
contract without the use of expansion joints, provided that this movement does not 
cause bending-moment stresses at branch connections or is not harmful to joints 
and changes in direction or to parts of structures or other equipment. This can be 
accomplished by randomly installing joints or, if desired, by installing guides to 
control the direction of movement. The effects of pressure thrusts must be taken 
into account when utilizing flexible grooved couplings, as the pipe may move to 
the full extent of the available pipe end gaps when allowed to float. See Fig. A9.14 
for pressure-thrust example. 


| ER 
PT = —D-P (A9.1) 
4 
PT — Pressure thrust (Ib) (newtons) 


D — Outside diameter of pipe (in) (mm) 
P = Internal pressure (psi) (kPa) 
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The system designer should ensure that branch connections and offsets are 
sufficiently long so that the maximum angular deflection of the coupling is never 
exceeded and that it can accommodate the anticipated total movement of the pipes. 
Otherwise, the designer must anchor the system and direct movements. See Table 
A9.9 for recommended pipe alignment guide spacing. 


Flexible Grooved Couplings Utilizing Their Linear Movement and 
Deflection Capabilities 


When designing piping joined with flexible mechanical grooved type couplings, it 
is necessary to give consideration to certain characteristics of these couplings. These 
characteristics distinguish flexible groove-type couplings from other types and meth- 
ods of pipe joining. When this is understood, the designer can utilize the many 
advantages that these couplings provide. 

Linear and angular movement available at flexible grooved pipe joints is pub- 
lished for each coupling manufacturer. These values are theoretical maximums. For 
design purposes, these figures should be reduced by the following factors to allow 
for coupling and pipe groove tolerances. 


Linear and Angular Movement Tolerance 


NPS 34-315 (DN20-90)— Reduce published figures by 50 percent 
NPS 4 (DN100) and larger— Reduce published figures by 25 percent 
Standard roll grooved pipe will provide 1⁄2 the expansion-contraction or deflection 


capabilities of the same size standard cut grooved pipe 


The angular deflection available at a flexible grooved pipe joint is useful in 
simplifying and speeding system design and installation. 
Angular deflection or misalignment is calculated 


Y = LSIN* 
© = SIN^!G 
D (A9.2) 
y- GxL 
D 


Y — deflection of misalignment (in) (mm) 

G = allowable pipe end movement (in) (mm) 

* — allowable deflection (degrees) from centerline of pipe 
reduced by angular movement tolerance 

D = pipe outside diameter (in) (mm) 

L = pipe length (in) (mm) 


Reference Fig. A9.15 for sample diagram. 
Flexible grooved-type couplings allow angular flexibility and rotational move- 
ment to take place at joints. These features provide advantages in installing and 
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TABLE A9.9 Recommended Pipe Alignment Guide Spacing 


Nominal 
pipe size 
NPS (DN) 


Maximum distance 
to first guide 
or anchor 
in (mm) 


Approximate 
distance between 
first to second guide 
in (mm) 


1 
Q3) 


4" 
(101.6) 


1'-4" 
(406.4) 


1⁄4 
(32) 


5" 
(127.0) 


1'-5" 
(431.8) 


1% 
(40) 


6" 
(152.4) 


1'-9" 
(533.4) 


2 
(50) 


8" 
(203.2) 


2/—4* 
(711.2) 


2% 
(65) 


10” 
(254.0) 


2-11” 
(889.0) 


3 
(80) 


1 Li —0" 
(304.8) 


3'—6" 
(1066.8) 


3 
(90) 


T9 
(355.6) 


4'—1" 
(1244.6) 


4 
(100) 


424" 
(406.4) 


4'—8" 
(1422.4) 


5 
(125) 


1'-8" 
(508.0) 


$'—8" 
(1727.2) 


6 
(150) 


2t —0" 
(609.6) 


TQ" 
(2133.6) 


8 
(200) 


IR 
(812.8) 


9'—4" 
(2844.8) 


10 
(250) 


3'—4" 
(1016.0) 


11'-8" 
(3556.0) 


12 
(300) 


4'—0" 
(1219.2) 


14’ —-0" 
(4267.2) 


14 
(350) 


4'—8" 
(1422.4) 


16'-4" 
(4978.4) 


16 
(400) 


S'—4" 
(1625.6) 


18'-8" 
(5689.6) 


18 
(450) 


6'—0" 
(1828.8) 


21'-0" 
(6400.8) 


20 
(500) 


6'—8" 
(2032.0) 


23!'—4" 
(7112.0) 


24 
(600) 


8 ^ —0" 
(2438.4) 


28'—0" 
(8534.4) 


Source: Courtesy of Victaulic Company of America. 
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34 - 312" (20 - 90 mm) — Reduce published figures by 50% 
4" (100 mm) and larger — Reduce published figures by 2596 


Standard roll grooved pipe will provide one-half the 
expansion/contraction or deflection capabilities of the same 
size standard cut groove pipe. 


FIGURE A9.15 Angular movement. 
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neering piping systems but must be considered when determining hanger and 
ort spacing. As illustrated in Fig. A9.16, it is obvious that this system would 
ire further hangers (or use of rigid couplings) to eliminate the drooping of the 
s that may occur. Hanger positions must be considered in relation to the angular 
rotational movement that may occur at joints. 


lexible couplings allow linear move- 
t, therefore consideration must be 
1 to pressure thrusts which would 
v the pipe ends to move to the maxi- 
1 extent allowed by the coupling. 
movement will accumulate at the 
of system runs. Offsets at the ends 
stem runs as illustrated in Fig. A9.17 
| to be capable of deflecting suffi- 
ly to prevent harmful bending mo- 
ts which would be induced at the 
s of the offset. It should be noted 
if the pipes were to expand due to 
nal changes, then further growth of 
pipes would also take place at the 


LLLLL/ 


Í 
Ü + 


Sag Due to 
Flexibility 


Front 
Elevation 


FIGURE A9.16 Support requirement. 


ngular deflection at butted or fully spaced joints is not possible unless the ends 
e pipes can shorten and grow as required. Unrestrained deflected joints will 
ghten up under the action of axial pressure thrusts or other forces acting to 
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Movement Due 
to Pressure Thrust | E 


j 8——8——$——8——9 


/ | Offset 


FIGURE A9.17 Pressure thrust movement. 


pull pipes apart. If joints are to be maintained deflected, then lines must be anchored 
to restrain pressure thrusts and end pull forces, otherwise sufficient lateral force 
must be exerted to keep joint deflected. Lateral forces will always act on deflected 
joints due to internal pressure. A fully deflected joint will no longer be capable of 
providing the full linear movement normally available at the joint. 

The grooved piping method will not 


allow maximum linear and angular 
movement simultaneously at the same 
joint. If linear and angular movement 
are expected simultaneously, systems 
should be designed with sufficient joints 
to accommodate both, including allow- 
ance for recommended tolerances. Fig- 
ure A9.18 shows a typical arrangement 
used to accommodate simultaneous lin- 
ear and angular movement. 

For anchored systems, where pres- 
sure thrusts do not act to hold the joints 
in tension, or in systems where the joints 
have been intentionally deflected (e.g., 
curves), lateral restraint should be pro- 


Joints Deflected 
No Expansion/Contraction 
Available 


For 
Deflection 


For 
Expansion 


FIGURE A9.18 Accommodating piping 


vided to prevent movement of the pipes 
due to pressure thrusts acting at deflec- 
tions. Lightweight hangers are not ade- 
quate in preventing sideways movement of pipes. It should be anticipated that small 
deflections will occur in all straight lines, and side thrusts will be exerted on the 
joints. An example of inadequate lateral restraint is shown in Fig. A9.19. 

Flexible couplings do not automatically provide for expansion or contraction of 
piping. In anchored systems, gaps must be set to handle combinations of expansion 
and contraction. In free-floating systems, offsets of sufficient length must be used 
to accommodate movement without overdeflecting joints. Design anchors to direct 
movement away from or to protect critical changes in direction, branch connections, 
and structure. Spacing and suitable types of supports should be considered in 
accommodating anticipated pipe movements. Refer to Table A9.10 for suggested 
support spacing for flexible and rigid coupled systems. 

Movement in piping systems due to thermal changes can be accommodated 
with the grooved piping method. Sufficient flexible joints must be available to 
accommodate anticipated movement, including movement tolerance. If anticipated 
movement will be greater than provided by the total number of joints in the system, 
additional expansion in the form of an expansion joint should be considered. The 


expansion and deflection. 
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Plan View 
(Zero Pressure) 


Plan View 
(Pressurized) 


Gross effect of 
inadequate lateral 

restraint on suspended system. 
(exaggerated for illustration) 


FIGURE A9.19 Inadequate lateral restraint. 


Lateral 
Force 


first step in accommodating thermal movement is to compute the exact change in 
the linear length of the piping system over the distance of interest. The actual 
expansion of 100 ft and 100 m pipe lengths has been computed at different tempera- 
tures for the most common piping materials (carbon steel, stainless steel, and copper 
tubing) and are shown in Table A9.11. These values should not be applied to pipe 
of other materials, as they will vary. Expansion coefficients may vary 5 percent or 
more when obtained from different sources. This variation should be taken into 
account. Example A9.1 illustrating the use of Table A9.11 follows: 


Example A9.1 
Given: 240-ft (75-m)-long carbon-steel pipe 
Maximum operating temperature = 220°F (104°C) 
Minimum operating temperature = 40°F (4°C) 
Temperature at time of installation = 80°F (26°C) 


Calculation: From Table A9.11, carbon-steel pipe expansion 


220°F (104°C) 1.680 in per 100 ft of carbon-steel pipe 
40°F (4°C) 0.300 in per 100 ft of carbon-steel pipe 


Difference: 1.380 in per 100 ft of carbon-steel pipe for 
temperature 40°F (4°C) to 220°F (104°C) 


240(1.380) 


Therefore, 240-ft of pipe = 
100 


= 3.312 in (8.41 cm) 


Example A9.2 A Simplified Calculation for a Long Straight Piping System. 
400-ft (122-m)-long, straight piping system; NPS 6 (DN 150); 20-ft (6-m) random 
lengths; installed at 60°F (+16°C) (also lowest operating temperature; maximum 
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TABLE A9.10 Suggested Support Spacing for Rigid and Flexible Coupled Piping Systems 


ft (m) 


Rigid systems 


Suggested maximum span between supports 


Water service 


Gas or air service 


Suggested maximum span between supports 
ft (m) 


Water service 


Gas or air service 


* Spacing corresponds to ASME B31.1 Power Piping Code. 
t Spacing corresponds to ASME B31.9 Building Services Piping Code. 
+ Spacing corresponds to NFPA 13 Sprinkler Systems. 
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Flexible systems: maximum support spacing for straight runs without concentrated loads and where full 
linear movement is required. 


Flexible systems 


Pipe length in ft (m) 


NPS 


10 
(3.0) 


12 
(3.7 


15 | 20 
)| (4.6) | (6.1) 


22 | 25 | 30 | 35 | 40 
(6.7) | (7.6) | (9.1) (10.7) |(12.2) 


(DN) 


*Average hangers per 


pipe length evenly spaced 


Pipe length in ft (m) 


NPS 


10 | 12 | 15 | 20 | 22 | 25 | 30 | 35 | 40 
(3.0) | (3.7) | (4.6) | (6.1) | (6.7) | (7.6)| (9.1) |(10.7) |(12.2) 


(DN) 


*Average hangers per pipe length evenly spaced 


34-1 
(20—25) 


10-12 
(250-300) 


DA-2 
(32-50) 


14-16 
(350-400) 


214-2 
(65-100) 


18-24 
(450-600) 


5-8 
(125-200) 


* No pipe length should be left unsupported between any two couplings. 


28-42 
(700-1050) 


* No pipe length should be left unsupported between any two couplings. 


Maximum support spacing for straight runs without concentrated loads and where full linear movement 


is not required. 


NPS 
(DN) 


Suggested maximum span 
between supports 
ft (m) 


NPS 
(DN) 


Suggested maximum span 
between supports 
ft (m) 


34-1 
(20-25) 


8 
(2.4) 


10-12 
(250-300) 


16 
(4.9) 


14-2 
(32-50) 


10 
(3.0) 


14-16 
(350-400) 


18 
(5.5) 


25-4 
(65-100) 


12 
(3.7) 


18-30 
(450—750) 


20 
(6.1) 


5-8 
(125-200) 


14 
(43) 


32-42) 
(800-1050) 


21 
(6.4) 
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TABLE A9.11 


Temperature 
°F (°C) 


PIPING FUNDAMENTALS 


Thermal Expansion of Pipe 


In per 100 ft 


(mm per 100 m) 


Carbon 
steel 


Copper 


Stainless 
steel 


Temperature 
°F (°C) 


In per 100 fi 


(mm per 100 


m) 


Carbon 
steel 


Copper 


Stainless 
steel 


—40 
(-40) 


0.288 
(24.0) 


0.421 


0.461 


(—35.1) 


(384) 


180 
(82) 


1.360 
(113.2) 


2.051 
(170.9) 


2.074 
(172.9) 


-20 
(-28) 


0.145 


0.210 


0.230 


(712.1) 


(7174) 


(719.0) 


200 
(93) 


1.520 
(126.6) 


2.296 
(191.3) 


2.304 
(191.9) 


0 
(717) 


0 
(0) 


0 
(0) 


0 
(0) 


212 
(100) 


1.610 
(134.2) 


2.428 
(202.4) 


2.442 
(203.4) 


20 
(-6) 


0.148 
(12.5) 


0.238 
(19.7) 


0.230 
(19.0) 


220 
(104) 


1.680 
(140.1) 


2.516 
(209.7) 


2.534 
(211.3) 


32 
(0) 


0.230 
(19.0) 


0.366 
(30.5) 


0.369 
(30.8) 


230 
(110) 


1.760 
(146.7) 


2.636 
(219.8) 


2.650 
(220.8) 


40 


0.300 
(24.9) 


0.451 
(37.7) 


0.461 
(38.4) 


260 
(126) 


2.020 
(168.3) 


60 


0.448 
(37.4) 


0.684 
(57.1) 


0.691 
(57.7) 


280 
(137) 


2.180 
(181.8) 


80 


0.580 
(48.2) 


0.896 
(74.8) 


0.922 
(76.8) 


300 
(148) 


2.350 
(195.9) 


0.753 
(62.7) 


1.134 
(94.5) 


1.152 
(96.1) 


320 
(160) 


2.530 
(211.0) 


0.910 
(75.8) 


1.366 
(113.9) 


1.382 
(115.2) 


340 
(71) 


2.700 
(225.1) 


1.064 
(88.6) 


1.590 
(132.6) 


1.613 
(134.5) 


350 
(176) 


2.790 
(232.6) 


1.200 
(100.1) 


1.804 
(150.3) 


1.843 
(153.6) 


operating temperature of 180°F [+82°C]. Table A9.11 shows this system will give 
3.7, in (9.4 cm) total anticipated movement. Reference Fig. A9.20 for a sketch of 
Example 1 piping system. 


20 Joints between anchor points 


x 1/4 in Movement per coupling (cut grooved pipe with Victaulic 


Style 77 couplings performance data) 


Sin (12.7 cm) available movement 
—25% Movement tolerance 
3.75 in (9.52 cm) Total linear movement available 

3.7 in (9.4 cm) Required movement 
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FIGURE A9.20 Example piping systems. 
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Expansion Loops Utilizing Flexible Couplings and Fittings 


Grooved piping offers the designer the advantage of using flexible couplings and 
fittings in expansion loops without inducing stresses in the pipes, elbows, or joints. 
The deflection capability of flexible couplings allows for thermal growth-contraction 
to be absorbed within the couplings at the elbows as the thermal forces induce 
deflection. It is important that rigid couplings are not used on expansion loops, as 
these couplings are not designed to accommodate angular deflection. 

As shown in Fig. A9.21a, a total of eight flexible couplings, four grooved 90° 
elbows, and three pipe spools are required to complete each expansion loop. As 
system temperature decreases and the pipe run contracts (see Fig. A9.21b), the 
loop expands, and the deflection capability of the couplings accommodates this 
movement. As system temperature increases (see Fig. A9.21c), the opposite effect 
occurs as the pipe run expands and the loop contracts with the couplings accommo- 
dating the deflection in the opposite direction. 

The amount of thermal expansion and contraction, AX, should be determined 
by the system designer based on the length of pipe run between anchors and the 
anticipated temperature changes from the installation temperature (see Table A9.11 
for details). The angular deflection available at each coupling is a design characteris- 
tic inherent to the coupling size, style, and the type of groove—cut or roll grooved. 
The length of the perpendicular branches of the loop dimension A (see Figure 
A9.21a) is determined by the amount of expected pipeline expansion or contraction, 
AX, and the deflection available per joint. Dimension A should be the same on 
both sides of the loop. The length of the parallel branch of the expansion loop, 
Dimension B, is determined by AX, and it must be sufficiently long 
enough to prevent the elbows at the pipe run from butting during thermal ex- 
pansion. It is recommended that Dimension B be at least 2 in (50.8 mm) larger 
than AX. 

The designer can use Fig. A922, Expansion Loop Design, to aid in the design 
of expansion. These loops incorporate all the design information for each size of 
Victaulic Flexible Coupling, including the angular movement tolerance. The nomi- 
nal pipe size and either the design thermal expansion, AX, or the length of perpendic- 
ular branches, dimension A, must be known, and the other can be determined. It 
is essential for a properly functioning expansion loop that it be installed without 
any coupling deflection and that the pipeline be properly anchored and guided. 
Whenever possible, the expansion loop should be located adjacent to an anchor 
within four pipe diameters. The first and second alignment guides on the opposite 
side of the expansion loop should be located a maximum distance of 4 and 14 pipe 
diameters, respectively. Additional intermediate guides may be required throughout 
the system for pipe alignment. Refer to Table A9.9 for recommended spacing. If 
the expansion loop cannot be located adjacent to an anchor, guides should be 
installed on both sides of the unit, as mentioned. 


Example A9.3 Expansion Loop Calculation. Using the parameters established 
in Example A9.2, NPS 6 (DN 150) nominal pipe size and 3.75 in (95.2 mm) of total 
anticipated movement, refer to Fig. A9.22 to determine the length of perpendicular 
loop branches for both cut and roll groove pipe. Reference Fig. A9.20 for a sketch 
of Example 2 piping system. 


AX = 3.75 in (95.2 mm) 
Pipe size = NPS 6 (DN 150) 
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Victaulic Style 75, — B = Victaulic 90° Elbow 
77, or 791 Coupling A (4 Required) 


(8 Required) Ny e L— —fBN 


Thermal Contraction 
Pipeline Shrinks — Loop Expands 


Thermal Expansion 
Pipeline Grows into Loop — Loop Contracts 


FIGURE A9.21 Thermal expansion loop. 
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Expansion Loop Design Utilizing Victaulic Flexible Couplings and Fittings* 
VICTAULIC CUT GROOVED PIPE 
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FIGURE A9.22 Expansion loop design. 
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Expansion Loop Design Utilizing Victaulic Flexible Couplings and Fittings* 
VICTAULIC ROLL GROOVED PIPE 


Nl € B OA Oo M © «xq 
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* Based on pipe grooved in accordance with Victaulic specifications. 


FIGURE A9.22 (Continued) Expansion loop design. 


Design Thermal Expansion T (Inches) 
(4 X) 
t Valves include design tolerances: 50% reduction for sizes below 4'/259e reduction for sizes 4" and larger. 
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For cut groove pipe (Fig. A9.22) 
A = 2.7 ft (0.82 m) minimum 
For roll groove pipe (Fig. A9.22) 
A — 5.4 ft (1.65 m) minimum 


To provide an expansion loop for the described system, the two branches must 
be a minimum of 2.7 ft (0.82 m) and 5.4 ft (1.65 m) long for cut and roll groove 
pipe, respectively. The parallel branch of the expansion loop must be at least 2 in 
(50.8 mm) larger than AX. 


B=AX+2 
B = 3.75 in +2 in = 5.75 in minimum (95.25 mm + 50.8 = 146.05 mm) 


The simple system described in Example A9.2 and above accommodated thermal 
expansion through the use of flexible couplings and an expansion loop. We must 
also discuss the application of flexible couplings and rigid couplings with the use 
of main anchors, intermediate anchors, and guides to accommodate thermal move- 
ment and pressure thrust. 


Anchors 


Anchors can be used to prevent movement due to pressure thrust and thermal 
growth. There are two types of anchors which are commonly used: 


A. Main anchors 
B. Intermediate anchors 


Main anchors are installed at or near terminal points and changes of direction 
of a pipe line. The forces acting on a main anchor will result from internal 
pressure thrust and thermal growth. These forces can generate substantial loads 
which may require structural analysis. Intermediate anchors divide a long pipe 
run, with main anchors at each end, into individual expanding sections. The pressure 
thrust on the intermediate anchors cancel each other out. Where there is a change 
in pipe diameter, there will be a differential pressure thrust acting on an 
intermediate anchor. Typical examples of main and intermediate anchors are shown 
in Fig. A9.23. 

The following examples illustrate the mechanical advantages of the grooved 
piping method and how they can be utilized to the piping systems designer’s benefit. 
These are presented to stimulate thought and should not be considered as recom- 
mendations for a specific system. The grooved piping method, when used in a 
piping system, should always be utilized in designs consistent with good piping 
practice. 


Example A9.4 Anchor Locations. To properly restrain this system, reference 
Fig. A9.20 for Example 3 piping system sketch. It would be necessary to provide 
a pressure thrust anchor at “A” to prevent the piping outside the structure from 
being forced inside by the pressure thrust acting at the elbow “B.” Inside, it would 
be necessary to provide a hanger at point Cl, or a base support at point C2. No 
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PT = Pressure Thrust (Pounds/kg) 
D = Outside Diameter of Pipe (Inches/mm) 
p = Internal Pressure (PSI/kPa) 
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FIGURE A9.23 


anchoring would be required, and the self-restraining feature of the joints would 
hold the piping securely together. Outside, it would be necessary to ensure that 
the maximum end load of the joints was not exceeded due to thermal movement 
of the pipes. Intermediate anchors may be required. The pipe must be properly 
supported and guided. Refer to Tables A9.9 and A9.10. Where flexible couplings 
are not required to accommodate thermal movement, rigid couplings can reduce 
supports and offsets. 


Example A9.5 Anchor and Guide Locations. Anchor at location D to support 
weight of pipe. Use hangers to support weight of piping. Anchors as well as guides 
may be required at B and C if flexible couplings are used as expansion joints. Refer 
to Fig. A9.20 for Example 4 piping system sketch. 


Example A9.6 Treatment of Risers with Branch Connections. Free-moving ris- 
ers can cause shear forces at branch connections due to pressure thrusts or thermal 
movement. The pipe should be anchored at or near the base with a main pressure 
thrust anchor, A, capable of supporting the full pressure thrust and local weight of 
pipe and fluids. Any movement of horizontal pipe at the bottom of the riser must 
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be considered independently, with adequate provision for movement. Refer to Fig. 
A9.20 for Example 5 piping system sketch. 

When flexible couplings are used, the system can be anchored at the top, B, 
with an anchor capable of withstanding full pressure thrust at the top of the riser 
plus local weight of pipe. The use of this upper anchor prevents any possibility of 
closed flexible joints opening under pressure and causing movement at the riser 
top. This method is often used for fire standpipe or similar systems where movement 
would cause shearing of intermediate components or branches. 

Piping between upper, B, and lower, A, anchors should be supported by interme- 
diate anchors, C, capable of supporting local pipe weight and preventing lateral 
movement. Intermediate anchors should be placed a minimum of every other ran- 
dom length of pipe. 

The system can be anchored at A also, and intermediate anchors at C can be 
used to support local pipe weight. Allowance for thermal movement should be 
considered, depending on application. 


Example A9.7 Treatment of Risers Without Branch Connection for Flexible 
Couplings. Reference Fig. A9.20 for Example 6 piping system sketch. With this 
method, a main thrust anchor is again needed at the bottom of the riser, A, which 
supports the total weight of pipe and fluids. Guidance is necessary at suitable 
intervals to prevent buckling of the riser. It is necessary that the pipe length, S, at 
the top of the stack be long enough to accommodate the total vertical movement. 
This movement is the result of the combined effect of pipe being moved to the 
full extent of the available pipe linear movement due to pressure thrusts and 
thermal growth. 

Rigid couplings also could be used to prevent linear movement due to pressure 
thrust. For offset S at the top of the riser to accommodate thermal growth, it 
would be necessary to use the proper number of flexible couplings to provide the 
angular deflection. 


Example A9.8 Treatment of Risers to Eliminate Concentrated Anchor Loads. 
Refer to Fig. A9.20 for Example 7 piping system sketch. When structural require- 
ments dictate that base anchor load or upper anchor load must be minimized, then 
the use of a looped system should be considered. In the system illustrated, each 
anchor carries the local weight of pipe. This method is often considered in tall 
buildings where high anchor loads would be generated. The offsets must be long 
enough to accommodate movement in the pipes due to flexible-coupling linear 
movement due to pressure thrust plus any thermal or other movements of pipes 
or supports. The use of rigid couplings could be considered to prevent linear move- 
ment due to pressure thrust. 


Offsets and Differential Settlement 


In many piping system designs, offsets or differential settlement must be considered. 
This is particularly important, as pipes pass from one structure to another. Flexible 
couplings offer the designer a method to accommodate offsets of pipe runs due to 
misalignment or building settlement. The offset transition can be achieved only 
with flexible couplings, as they allow for angular deflection at each joint. 


GROOVED AND PRESSFIT PIPING SYSTEMS A.451 


"Y" DISPLACEMENT 
(LATERAL MISALIGNMENT) 


"X" DISPLACEMENT 
(OFFSET LENGTH) 


FIGURE A94 Pipe displacement. 


Offsets are determined by the amount of lateral misalignment on the particular 
pipe run and the length along the pipe run that is required for the parallel shift of 
the run. In Fig. A924, these two parameters are shown as the Y-Displacement, 
lateral misalignment, and the X-Displacement, offset length, respectively. 

The pipe spools are first deflected in the direction of the misalignment until the 
midpoint of a particular pipe spool is more than half the required Y-Displacement. 
This spool then becomes a transition spool, as an equal number of couplings and 
pipe spools are required on either side of the transition spool to deflect the pipeline 
back to its original direction. 

A major objective in designing for a misalignment is to achieve the required Y- 
Displacement, using the minimum number of couplings. To this end, because of 
symmetry around a transition point, as explained earlier, the point of inflection is 
a pipe spool and not a coupling. Therefore, for all calculations and results in this 
section, an even number of couplings and an odd number of pipe spools have been 
used. Also, to maximize the deflection at each joint, cut-groove pipe should be 
considered. Should roll-grooved joints be used, then the deflection available will 
be one-half that of a cut-grooved joint. 

The number of couplings and the length of the pipe spools are the two variables 
that can be altered to obtain the desired misalignment. Other factors, such as the 
maximum angle of deflection at each coupling and the maximum pipe-end separation 
are a function of the size and style coupling being used. 

The following is a technical explanation of the formulas derived to calculate the 
number of couplings, spool length, X- and Y-Displacements. 

The geometric derivation to accommodate offsets starts with the deflection 
on one pipe spool from the pipe run at the angle, O (see Fig. A9.24). The Y- 
Displacement from the pipe-run centerline after the first deflected spool is 
shown as AY, = (L + a) sin O, where L is the length of the pipe spool and a 
is one-half the maximum pipe-end separation for the particular coupling 
to be used. As the second spool is connected and deflected, also at the angle, O, 
the total angle of deflection from the pipe run is © + O, or 20 (see Fig. 
A9.25). The Y-Displacement due to the second coupling and pipe spool is 
OY, = (L + a) sin 20. 
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FIGURE A9.25 Deflection of pipe. 


Since the length of each pipe spool is equal, then the total Y-Displacement to 
the end of the second pipe spool from the pipe run is the sum of each spool or 


AYTOTAL = AY, + AY» = (L + a) (sin Q) + sin 20). (A9.3) 


When the value of AYroraL is at least half of the required Y-Displacement, 
then the last calculated pipe length up to that point becomes the point of transi- 
tion. Geometrical symmetry about this point allows that the actual Y-Displace- 
ment of the completed misalignment will be equal to two times the AYroraL 
up to the transition spool piece plus the Y-Displacement of the spool piece 
itself, or 


Y-Displacement = (L + a)[2(sin ©) + 2(sin ©) +... 
2(sin(P — 1)0) + (L + a)|sin PO} (A9.4) 


where P is the number of spool pieces to achieve the transition and is equal to 
one-half of the number of couplings involved in the total misalignment. 


This expression is mathematically simplified to: 
po 
Y-Displacement = (L + a)[sin PO + 2sin n6] 
n=1 
When n = the total number of couplings in the misalignment, and 


P = n/2. 
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By using the same geometric and trigonomic relations, the distance in the X 
direction required for the misalignment is as follows: 


P-1 
X-Displacement = (L + a)|cos PO + 2etcosnO] (A9.5) 
n=1 


Example A9.9 Pipe Misalignment. A designer wants to connect a NPS 6 
(DN150) feed main from an existing building to a new structure. There is 66 in 
(1676 mm) of pipe run between the connection points, and it is expected that a 
settlement of 3 in (76.2 mm) will occur. To utilize the maximum deflection available 
from flexible coupling, cut grooved-pipe nipples will be used. 


Requirements 
Y-Displacement = 3 in (76.2 mm) 
X-Displacement = less than 66 in (1676 mm) 


Maximum pipe-end separation = 0.25 in (6.4 mm) (from coupling manufacturer 
performance data for flexible coupling) 


Design pipe-end separation" = 0.188 in (4.8 mm) 
1/2 pipe-end separation, a = 0.094 in (2.4 mm) 


Maximum angle of deflection = 2° 10’ = 2.167? (from coupling manufacturer 
performance data for flexible coupling) 


Design angle of deflection,* © = 1° 38’ = 1.625° 


*Maximum values reduced by 25% for design and installation purposes. The 
published maximum pipe-end separation and angular deflection figures should 
be reduced by 50% for NPS 34. -NPS 3'2 (DN 20-DN 90) sizes, and 25% for 
NPS 4 and larger sizes. 
Try: 4 couplings (n = 4)P =n/2=2 
Spool lengths, L = 12 in 
a = 0.094 in 
© = 1.625° 

P—| 
Y-Displacement = (L + a)[sin PO + 2sinnO] 

n=] 

= (12 + 0.094){sin(2 x 1.625) + 2 
[sin(1 x 1.625]} 


= 12.094 (0.057 + 2(0.028)} = 1.37 in 
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Not enough; Y-Displacement of 3 in (76.2 mm) is required, so try 6 couplings: 


n=6 


P=n/2=3 
L= 12in 

a = 0.094 in 
© = 1.625° 


Y-Displacement = (12 + 0.094){sin(3 x 1.625) + 2 
[sin(1 x 1.625) + sin(2 x 1.625)]} 
= 12.094 {0.085 + 2(0.028 + 0.057]} = 3.08 in 
Y-Displacement is sufficient (exceeds 3 in requirement). 
Check: X-Displacement 
P-1 
X-Displacement = (L + a)[cos PO + 2etcosnO] 


n=1 
n —6 
P=n/2=3 
L =12in 
a = 0.094 in 
© = 1.625° 


= 12.094 {cos(3 x 1.625) + 2[cos(1 x 1.625) + cos(2 x 1.625)]} 
X-Displacement = 60.38 in (1533.7 mm) 


X-Displacement is sufficient [less than 66 in (1676 mm) requirement] 


With six NPS 6 (DN150) flexible couplings and five 12 in (300 mm) cut-groove 
pipe spools, the misalignment can be accommodated, attaining the required Y- 
Displacement in the limited X-Displacement. 


Earthquake Design Considerations 


Piping systems designed for earthquake prone areas must be analyzed for the 
movements and loads associated with these events. The grooved system provides 
many mechanical design features useful in systems subject to earthquake conditions. 
The inherent flexibility of flexible couplings acts to reduce the transmission of 
stresses throughout the piping system, and the resilient gasket aids to further reduce 
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the transmission of vibration. Where flexibility is not desired, rigid couplings can 
be used. 

As a general practice, seismic bracing and piping supports are utilized in piping 
systems to prevent excessive movement by controlling and directing system move- 
ment during a seismic occurrence which would result in overstressing the piping 
system. In a similar manner, piping supports for a grooved piping system must 
limit pipe movements such that they do not exceed the recommended allowable 
deflections and end loads. An excellent reference source, which covers these piping 
systems, is NFPA 13 Installation of Sprinkler Systems. This standard requires sprin- 
kler systems to be protected to minimize or prevent pipe breakage where subject 
to earthquakes. 

This is accomplished by using two techniques: 


* Making the piping flexible where necessary by use of flexible couplings 


* Affixing the piping to the building structure for minimum relative movement by 
using sway bracing 


Flexibility is provided by using flexible couplings joining grooved end pipe and 
swing joints. “‘Rigid-Type” mechanical couplings, which do not permit movement 
at the grooved connection, are not considered flexible couplings. Rigid couplings 
are used in horizontal piping for purposes other than the requirements of earthquake 
protection. Where large pipe movements are anticipated, seismic swing joints are 
made up using flexible grooved couplings, pipe nipples and grooved elbows, as 
shown in Fig. A9.26. 


Product Applications 


The use of grooved piping systems has become widespread throughout the world. 
Applications of these joints come from all commercial, industrial, and municipal 
areas. Grooved joints are being used from NPS 3⁄4 (DN 20) to NPS 100 (DN 2500). 
Applications are limited by the pressure, temperature, and system media. Each 
manufacturer of grooved piping joints has published pressure and temperature 
ratings of their various style couplings and gaskets. The piping system designer 
should consult this information to assure proper systems design. 

The piping system designer can expect to find joints and gaskets available to 
accommodate temperatures from —30°F (—34°C) to 300°F (140°C) and pressures 
of up to 1000 psi (6900 kPa) and above. Materials of construction are normally 
ductile cast iron; however, couplings are also available in stainless steel, aluminum, 
and other castable materials, as special applications may require. Grooved systems 
can utilize pipe made of steel, stainless steel, aluminum, PVC, fiberglass, ductile 
iron and lined ductile iron, and steel, or any metallic or nonmetallic material that 
can be grooved. 


Benefits of Grooved Piping Systems 


Grooved piping systems offer a number of benefits when designed and installed 
properly. 


* Grooved systems provide the designer the choice of flexible and rigid joints. The 
system can be designed to be flexible, allowing for expansion, contraction, and 
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FIGURE A9.26 Seismic swing joint. 
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structure settlement. Rigid couplings can be included in the system design to 
provide rigidity to minimize pipe supports. 

Grooved piping systems provide dampening of system vibration. The prevention 
of the transmission of objectionable vibration induced by piping systems to the 
building structure has become increasingly crucial, as vibration induced noise is 
a major complaint by building occupants. 


A properly designed grooved piping system will normally result in a lower installa- 
tion cost to the facility owner. Piping is prepared rapidly through roll grooving. 
Installation is accomplished with simple hand tools and standard pipe-fitting 
techniques. Takeout dimensions for fittings and valves are consistent, thus pipes 
can be roll grooved at ground level and then lifted into place and coupled into 
the system. Where the designer chooses, piping can be prefabricated off site. In 
either case, installation is much more rapid when compared to welding or thread- 
ing. In most cases, this speed of installation will result in a more cost-effective 
system. 
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* Where piping must be removed for replacement or maintenance, the grooved 
system should be the system of choice. With each joint becoming a union, a 
grooved system is the easiest and quickest piping system to service. Flanges for 
the same size pipe have many more bolts to remove and replace, and a new 
gasket is always needed. A grooved coupling is removed more rapidly because 
it has fewer bolts. The bolts and gasket are readily reusable unless they have 
been damaged. 


CHAPTER A10 


PART 1 SELECTION AND 
APPLICATION OF VALVES 


Mohinder L. Nayyar, P.E. 
ASME Fellow 


INTRODUCTION 


Valves are an essential part of any piping system that conveys liquids, gases, vapors, 
slurries and mixtures of liquid, and gaseous phases of various flow media. Starting 
with primitive means for stopping, allowing, or diverting water-flow from a source 
through shallow or deep channels, such as wooden or stone wedges stuck between 
the edges of a water passage, man has developed several different types of simple 
and sophisticated valve designs. Different types of valves include: gate, globe, check, 
ball, plug, butterfly, diaphragm, pinch, pressure relief, and control valves. Each of 
these types has several categories and designs, each offering different features and 
functional capabilities. Some valves are self-actuated while others are manually 
operated or have actuators that are powered with electric motors, are pneumatic 
or hydraulic, or a combination to operate the valve. Valves are manufactured with 
metals and nonmetals. Valves are used in industrial piping systems, transportation 
and distribution pipelines, building services piping, civic facilities, and irrigation 
piping systems. The piping systems of industrial, commercial, residential, and other 
civic facilities carry the lifeblood of modern civilization, like arteries and veins. 
And the valves in those piping systems serve the functions of allowing, stopping, 
regulating, and controlling the flow, to fulfill the intended objectives of the system. 
When fluid pressure builds up beyond a set limit, the valves relieve the overpressure 
to safeguard the integrity of the piping system or a component. Valves help in 
maintaining or breaking a vacuum. Valves also assist in maintaining the pressure 
or temperature of the flow medium within the desired range or limit. In order to 
select a suitable valve for a particular application, the user must evaluate the 
valve characteristics, including the design features, materials of construction, and 
performance, in light of specific application requirements: flow medium, process 
design requirements, piping design criteria, and economic factors. This chapter 
provides a brief discussion of topics considered in the selection and application of 
commonly used valves. 
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VALVE TERMINOLOGY 


Actuator: A device that operates a valve by utilizing electricity, pneumatics, hydrau- 
lics, or a combination of one or more of these energies. Sometimes actuators are 
referred to as operators. In this chapter, the word operator will be used for a person 
who operates any equipment, machine, plant, or system. 


Ambient conditions: The pressure and temperature of the environment surrounding 
a valve. 


Backflow: The flow that occurs in the opposite direction of the normal or expected 
fluid flow. 


Back pressure: The static pressure existing at the outlet of a pressure-relief device 
due to pressure in the discharge system. 


Backseat: A seat on the bonnet or bonnet bushing which contacts a corresponding 
seating surface of the stem or disc holder when the stem is fully retracted. It provides 
a seal between the stem and the inside of the bonnet. It prevents leakage of flow 
medium and allows replacement of valve packing while the valve is open and 
under pressure. 


Block-and-bleed valve: A valve with two seating surfaces which provide simultane- 
ous blockage of flow from both valve ends, and means for draining or venting the 
cavity between the seating surfaces. When the valve is closed (blocked) the drain 
is opened, allowing the trapped fluid between the seats to drain (bleed). 


Block valve: A valve that is used to start or stop the flow. It is also referred to as 
an on-off valve. 


Blowdown: The difference between the set pressure and the disc-reseating pressure 
of a pressure-relief valve, which is expressed as a percentage of the set pressure. 


Blowdown valve: A valve used to release the pressurized contents of a pressure 
vessel or piping. 

Bonnet: A valve body closure component that contains an opening for the stem. 
Bore: The diameter of the smallest opening through a valve. It is also called port. 


Bubble tight: A valve is termed bubble tight when the upstream side of the valve 
is pressurized with air and the downstream side is filled with water and no air 
bubbles are detected on the downstream side with the valve in fully closed position. 


Bypass: A piping loop provided to permit flow around the flow control element 
(disc, plug, etc.) of a valve in its closed position. A stop valve installed in the bypass 
loop is called the bypass valve. 


Cavitation: This occurs when the fluid pressure at the vena contracta falls below 
the vapor pressure, followed by pressure recovery above the vapor pressure. The 
pressure below vapor pressure causes vapor bubbles to form, which then collapse 
as the pressure recovers. Collapsing bubbles can cause erosion of valve and down- 
stream pipe metal surfaces. The phenomena of fluid pressure falling below and 
recovering above vapor pressure, combined with forming and collapsing of bubbles, 
is termed cavitation. 


Chatter: Abnormal rapid reciprocating motion of the movable parts of a pressure- 
relief valve in which the disc contacts the seat. 


Choked flow: When the flow rate cannot be increased even if the downstream 
pressure is decreased. In liquid applications, it is caused by vapor bubbles, formed 
by cavitation or flashing, choking the flow passage. In the case of gases, choked 
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flow is caused when the flow velocity reaches sonic proportions and a reduction in 
downstream pressure cannot increase the gas flow. 


Closing pressure: The pressure equal to the valve of decreasing inlet static pressure at 
which the valve disc reestablishes contact with the seat or at which lift becomes zero. 


Coefficient of discharge: The ratio of the measured relieving capacity to the theoreti- 
cal relieving capacity of a pressure-relief valve. 


Coefficient of flow: The flow rate that passes through the fully open valve at unit 
pressure differential. It is measured in gal (3.8 liters) per minute of 60°F (16°C) 
water with 1 psi (6.9 kPa) pressure differential. It is also referred to as flow coefficient 
or valve coefficient. 


Cold working pressure (CWP): This is the maximum flow-medium pressure at the 
ambient temperature to which the valve may be subjected during normal service. 
This is also referred to as water-oil-gas (WOG) rating. 


Control valve: A valve serving as a control element in a system, providing means 
for varying the rate of flow of the fluid passing through the valve. 


Cracking pressure: The upstream fluid pressure at which a closed check valve starts 
to open and allow the flow through the valve. 


Cryogenic valve: A valve used in applications with fluid temperatures below — 50°F 
(—45°C). A cryogenic valve is provided with an extended stem contained in an 
extension tube so that the valve packing and operator remain at ambient tempera- 
ture when the cryogenic fluid is in the valve body. The valve is oriented so that 
the packing is at a higher elevation than the valve body. It allows a vapor-gas 
pocket to form inside the extension tube, thereby making the extension tube more 
effective at insulating the packing from cryogenic fluid cold temperature. 


Disc: The part of the valve which is positioned in the flow stream to permit or to 
obstruct flow, depending on closure position. In specific designs, it may also be called 
a wedge, plug, ball, gate, or other functionally similar expression. In international 
standards it is referred to as obturator. 


Double-disc: A two-piece disc or two separate discs that mate with two seating 
surfaces. Double discs are used in some designs of gate valves. 

Double-seated valve: A valve with two separate seating surfaces that come in contact 
with two separate seating surfaces of a disc or a double disc. 


Flow characteristic: Defines the relationship between the Flow Coefficient and the 
valve stroke. 


Flow coefficient: See Coefficient of flow. 


Flow control element: The part of the valve that allows, stops, obstructs, and controls 
the fluid flow through the valve. See Disc. 


Fugitive emission: The amount of leakage of hazardous and toxic flow medium 
(fluids) from a valve to the environment. 


Full bore: When valve bore (port) is approximately of the same size as the inside 
diameter of the connecting pipe, it is called full bore (full port). 


Fully stellited: A valve is termed fully stellited when seating surfaces of the valve 
seat(s) and the disc(s) are hard faced with wear and corrosion-resistant material 
(Stellite or other such material). 


Half stellited: A valve is termed half stellited when only the seating surfaces of the 
valve seat(s) are hard faced with wear and corrosion-resistant material (Stellite or 
other such material). 
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Hard facing: Application or deposit of hard, wear, and corrosion-resistant material 
on soft surfaces subject to wear. 


Inside screw-nonrising stem (ISNRS): Threads on the stem are inside the valve 
body. The valve disc travels up and down the stem threads when the stem is rotated. 
Stem does not rise. 


Inside screw-rising stem (ISRS): Threads on the stem are inside the valve body 
and exposed to the flow medium. The stem rises when it is rotated, thus opening 
the valve. Position of the stem indicates the position of the valve disc. 


Iron body-bronze mounted (IBBM): A valve having cast iron body and bronze trim. 


Lantern ring: A spacer ring used in the lantern ring type of packing chamber to 
permit lubrication of the packing, purging of the shaft or stem, or a leak-off system. 


Leak-off connection: A pipe or tube connected to a hole in the stuffing box at the 
level of lantern ring. It is used to collect leakage past a lower set of lantern ring-type 
of packing or to inject lubricant into the stuffing box. 


Linear-flow characteristics: A flow characteristic of the valve when the flow is 
directly proportional to the position of the flow control element. 


Liner: Lining of protective materials applied on the inside surfaces of valve body 
(or valve trim) to enhance resistance to corrosion, erosion, or contamination. 


Nonreturn valve: Stop-check valve, a check valve in which the closure member can 
be mechanically closed. 


Nonrising stem: Refer to Inside screw, nonrising stem (ISNRS). 


Outside-screw-and-yoke (OS&Y): A valve design in which the threaded portion 
of the stem is outside the pressure boundary of the valve. The valve bonnet has a 
yoke, which holds a nut through which the rotating stem rises as the valve is opened. 
The stem part inside the valve is smooth and is sealed so that stem threads are 
isolated from the flow medium. 


Pilot operated pressure relief valve: A pressure-relief valve in which the major 
relieving device is combined with and controlled by a self-actuated auxiliary pres- 
sure-relief valve. 


Port: See bore. 


Power actuated pressure-relief valve: A pressure-relief valve in which the major 
relieving device is combined and controlled by a device requiring an external source 
of energy. 


Quarter-turn valve: A valve whose closure member rotates approximately a quarter 
turn (90?) to move from full-open to full-closed position. 


Reduced port: Valve port smaller than the inside diameter of the end-connecting 
pipe. It is approximately equal to the inside diameter of the one pipe size smaller 
than the end size for gate valves, and 60 percent of full bore on ball valves. 
Regular port: A valve port smaller than the full bore, approximately 75 to 90 percent 
of full bore on ball valves and 60 to 70 percent on plug valves. 

Relief valve: A pressure-relief valve actuated by inlet static pressure and having a 
gradual lift generally proportional to the increase in pressure over the opening 
pressure (set pressure). 

Rotary motion valve: A valve that involves a quarter-turn motion to open or close 
the valve closure element. 


Rupture disc: A nonclosing pressure-relief device actuated by inlet static pressure 
and designed to function by the bursting of a pressure-containing disc. 
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Safety-relief valve: A pressure-relief valve characterized by rapid opening pop 
action, or by opening generally proportional to the increase in pressure over the 
opening pressure. 


Safety valve: A pressure-relief valve actuated by inlet static pressure and character- 
ized by rapid opening or pop action. 

Seat: The portion of the valve against which the closure member presses to ef- 
fect shutoff. 


Seat ring: A separate piece inserted in the valve body to form a seat against which 
the valve-closure member engages to effect shut-off. 


Set pressure: The inlet static pressure of the system at which a relief valve starts 
to open, or safety valve pops open. 


Short pattern valve: A valve that has face-to-face or end-to-end dimension for a 
short pattern design according to standard ASME B106.10. 


Steam working pressure (SWP): The maximum rated or working pressure corre- 
sponding to the steam temperature that must not be exceeded when valve is used 
in steam service. It is marked with S, SP, or SWP on the valve. 


Stroke: The amount of travel the valve-closure member is capable of from a fully 
closed position to a fully open position or vice versa. In linear-motion valves it is 
expressed in in (mm) and in degrees, 0 to 90, for rotary motion valves. 


Throttling: The process of regulating the fluid flow rate or pressure by controlling 
the position of the closure member between the full-open and full-closed positions. 


Trim: Functional parts of a valve which are exposed to the line fluid. Usually refers 
to the stem, closure member and, seating surfaces. The removable or replaceable 
valve metal internal parts that come in contact with the flow medium are collectively 
known as valve trim. Valve parts such as body, bonnet, yoke, and similar items are 
not considered trim. 


Venturi port: A valve bore or port that is substantially smaller than the full port, 
approximately 40 to 50 percent of full port. It is normally found in plug valves. 


Wafer body: A valve body that has a short face-to-face dimension in relation to 
pipeline diameter and is designed to be installed between two flanges using special 
length studs and nuts. 


Wedge: A gate valve-closure member with inclined sealing surfaces which come 
in contact with valve-seating surfaces that are inclined to the stem centerline. Wedge 
is available in solid, split, and flex designs. 


Yoke: That part of the valve assembly used to position the stem nut or to mount 
the valve actuator. 


Yoke bushing, yoke nut: Yoke nut, yoke bushing, or stem nut is the valve part that 
is held in a recess at the top of the yoke through which the stem passes. It converts 
rotary-actuating effort into thrust on the valve stem. 


REFERENCE CODES AND STANDARDS 


The following is a list of commonly used valve standards in the United States. 
Based upon the scope, each of these standards contains rules and requirements for 
design, pressure-temperature ratings, dimensions, tolerances, materials, nondestruc- 
tive examinations, testing, and inspection and quality assurance. Compliance to these 
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and other standards is invoked by reference to codes of construction, specifications, 


contracts, or regulations. 


ASME Standards 
B16.10 


B16.33 


B16.34 


B16.38 


B16.40 


B16.44 


N278.1 


ASME Performance Test Code 
PTC 25.3 


ANSI Guides/Manuals 
1003 


1029 


1032 


AWWA Standards and Specifications 
C500-93 


C501-92 


Face-to-Face and End-to-End Dimen- 
sions of Valves 

Manually Operated Metallic Gas Valves 
for Use in Gas Piping Systems Up to 
125 psig (Sizes 2 Through 2) 

Valves—Flanged, Threaded, and Weld- 
ing End 

Large Metallic Valves for Gas Distribu- 
tion (Manually Operated, NPS 2% to 
12, 125 psig Maximum) 

Manually Operated Thermoplastic Gas 
Shutoffs and Valves in Gas Distribu- 
tion Systems 

Manually Operated Metallic Gas Valves 
for Use in House Piping Systems 

Self-Operated and Power-Operated 
Safety-Related Functional Specifica- 
tion Standard 


Safety and Relief Valves 


Performance Requirements for Water 
Pressure Reducing Valves for Domes- 
tic Water Supply Systems 


Performance Requirements for Water 
Supply Valves; Mixing Valves and 
Single Control Mixing Valves 


Performance Requirements for Dual 
Check Valve Type Backflow Preven- 
ters for Carbonated Beverage Dis- 
pensers 


Metal-Seated Gate Valves for Water 
Supply Service 


Cast-Iron Sluice Gates 
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C504-94 Rubber-Seated Butterfly Valves 

C507-91 Ball Valves, 6 in Through 48 in (150 mm 
Through 1200 mm) 

C508-93 Swing Check Valves for Waterworks 
Service 

C509-94 Resilient-Seated Gate Valves for Water 
Supply Service 

C510-92 Double Check Valve Backflow Preven- 
tion Assembly 

C511-92 Reduced Pressure Principle Backflow 
Prevention Assembly 

C512-92 Air-Release, Air-Vacuum, and Combi- 
nation Air Valves for Waterworks 
Service 

C540-93 Power-Actuating Devices for Valves 


and Sluice Gates 


C550-90 Protective Epoxy Interior Coatings for 
Valves and Hydrants 


ARI (Air-Conditioning and Refrigeration Institute) Standards 


720 Refrigerant Access Valves and Hose 
Connectors 

760 Solenoid Valves for Use with Volatile 
Refrigerants 

770 Refrigerant Pressure Reducing Valves 


ASSE (American Society of Sanitary Engineers) Standards 


1001 Performance Requirements for Pipe 
Applied Atmospheric Type Vacuum 
Breakers. 


Standards 1003, 1029 and 1032 are listed as ANSI Guides/Manuals above. 


American Petroleum Institute (API) Specifications 


6D-94 Specification for Pipeline Valves (Gate, 
Plug, Ball, and Check Valves) 

6FA-94 Specification for Fire Test for Valves 

6FB-92 Specification for Fire Test for End Con- 
nections 

6FC-94 Specification for Fire Test for Valves 
with Automatic Backseats 

6FD-95 Specification for Fire Test for Check 


Valves 
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14A-94 Specification for Subsurface Safety 
Valve Equipment 
14D-94 Specification for Wellhead Surface 


Safety Valves and Underwater Safety 
Valve for Offshore Service 


API Standards 


526-95 Flanged Steel Pressure Relief Valves 

527-91 Seat Tightness of Pressure Relief Valves 

589-93 Fire Test for Evaluation of Valve 
Stem Packing 

594-91 Wafer and Wafer-Lug Check Valves 

598-90 Valve Inspection and Testing 

599-94 Metal Plug Valves-Flanged and Weld- 
ing Ends 

600-91 Steel Gate Valves-Flanged and Butt- 
Welding Ends 

602-93 Compact Steel Gate Valves—Flanged, 
Threaded, Welding, and Extended- 
Body Ends 

603-91 Class 150, Cast, Corrosion-Resistant, 
Flanged-End Gate Valves 

607-93 Fire Test for Soft-Seated Quarter- 
Turn Valves 

608-95 Metal Ball Valves—Flanged, Threaded, 
and Welding Ends 

609-91 Lug- and Wafer-Type Butterfly Valves 


The International Society for Measurement and Control (ISA) 
Recommended Practices (RP) 


RP 75.06-81 Control Valve Manifold Design 

RP 75.18-89 Control Valve Position Stability 

RP 75.21-89 Process Data Presentation for Control 
Valves 

Standards 

$75.01-85 Flow Equations for Sizing Control 
Valves 

$75.02-88 Control Valve Capacity Test Procedure 

$75.03-92 Face-to-Face Dimensions for Integral 


Flanged Globe-Style Control Valve 
Bodies 
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$75.04-95 


$75.05-83 
S75.07-87 


$75.08-85 


$75.11-85 


$75.12-93 


$75.14-93 


$75.16-94 


$75.17-89 


$75.19-89 


$75.20-91 


875.22-92 


MSS Standards 


MSS-SP-6 


MSS-SP-25 


MSS-SP-42 


MSS-SP-45 
MSS-SP-53 


Face-to-Face Dimensions for Flangeless 
Control Valves 


Control Valve Terminology 


Laboratory Measurement of Aerody- 
namic Noise Generated by Control 
Valves 


Installed Face-to-Face Dimensions for 
Flanged Clamp or Pinch Valves 


Inherent Flow Characteristics and 
Rangeability of Control Valves 


Face-to-Face Dimensions for Socket 
Weld-End and Screwed-End Globe- 
Style Control Valves 


Face-to-Face Dimensions for Buttweld- 
End Globe-Style Control Valves 
(ANSI Classes 150, 300, 600, 900, 
1500, and 2500) 


Face-to-Face Dimensions for Flanged 
Globe-Style Control Valve Bodies 
(ANSI Classes 900, 1500, and 2500) 


Control Valve Aerodynamic Noise Pre- 
diction 

Hydrostatic Testing of Control Valves 
(Formerly ASME/ANSI B16.37-80) 


Face-to-Face Dimensions for Separable 
Flanged Globe-Style Control Valves 
(ANSI Classes 150, 300, and 600) 


Face-to-Face Dimensions for Flanged 
Globe-Style Control Valve Bodies 
(ANSI Classes 150, 300, and 600) 


Standard Finishes for Contact Faces of 
Pipe Flanges and Connecting-End 
Flanges of Valves and Fittings 


Standard Marking System for Valves, 
Flanges and Fittings 


Class 150 Corrosion Resistant Gate, 
Globe, Angle, and Check Valves with 
Flanged and Butt Weld Ends 


Bypass and Drain Connection Standard 


Quality Standard for Steel Castings and 
Forgings for Valves, Flanges, and Fit- 
tings and Other Piping Compo- 
nents—Magnetic Particle Examina- 
tion Method 
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MSS-SP-54 


MSS-SP-55 


MSS-SP-60 


MSS-SP-61 
MSS-SP-67 
MSS-SP-68 


MSS-SP-70 


MSS-SP-71 


MSS-SP-72 


MSS-SP-78 


MSS-SP-80 


MSS-SP-81 


MSS-SP-82 
MSS-SP-84 


MSS-SP-85 


MSS-SP-86 


MSS-SP-88 


MSS-SP-91 


MSS-SP-92 
MSS-SP-93 


MSS-SP-94 
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Quality Standard for Steel Castings and 
Forgings for Valves, Flanges, and Fit- 
tings and Other Piping Compo- 
nents—Radiographic Examination 
Method 


Quality Standard for Steel Castings and 
Forgings for Valves, Flanges, and Fit- 
tings and Other Piping Compo- 
nents— Visual Method 

Connecting Flange Joint Between Tap- 
ping Sleeves and Tapping Valves 

Pressure Testing of Steel Valves 

Buttefly Valves 

High Pressure-Offset Seat Butterfly 
Valves 


Cast Iron Gate Valves, Flanged and 
Threaded Ends 


Cast Iron Swing Check Valves, Flanged 
and Threaded Ends 

Ball Valves with Flanged or Butt-Weld- 
ing Ends for General Service 

Cast Iron Plug Valves, Flanged and 
Threaded Ends 

Bronze Gate, Globe, Angle and Check 
Valves 

Stainless Steel, Bonnetless, Flanged 
Knife Gate Valves 

Valve Pressure Testing Methods 

Valves—Socket-Welding and 
Threaded Ends 

Cast Iron Globe & Angle Valves, 
Flanged and Threaded Ends 


Guidelines for Metric Data in Standards 
for Valves, Flanges, Fittings and Actu- 
ators 


Diaphragm Type Valves 


Guidelines for Manual Operation of 
Valves 


MSS Valve User Guide 


Quality Standard for Steel Castings and 
Forgings for Valves, Flanges, and Fit- 
tings and Other Piping Compo- 
nents—Liquid Penetrant Examina- 
tion Method 


Quality Standard for Steel Castings and 
Forgings for Valves, Flanges, and Fit- 
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tings and Other Piping Compo- 
nents— Ultrasonic Examination 


Method 

MSS-SP-96 Guidelines on Terminology for Valves 
and Fittings 

MSS-SP-98 Protective Epoxy Coatings for the Inte- 
rior of Valves and Hydrants 

MSS-SP-99 Instrument Valves 

MSS-SP-100 Qualification Requirements for Elasto- 
mer Diaphragms for Nuclear Service 
Diaphragm Type Valves 

MSS-SP-101 Part-Turn Valve Actuator Attach- 


ment—Flange and Driving Compo- 
nents Dimensions and Performance 
Characteristics 

MSS-SP-102 Multi-Turn Valve Actuator Attach- 


ment—Flange and Driving Compo- 
nent Dimensions and Performance 


Characteristics 

MSS-SP-105 Instrument Valves for Code Applica- 
tions 

MSS-SP-108 Resilient Seated-Eccentric Cast Iron 


Plug Valves 


Refer to Chapter A.4 of this handbook for additional information on codes of 
construction and other standards. See App. E.10 for a listing of British, DIN, 
Japanese, and ISO codes, standards, and specifications related to piping, valves, 
flanges, fittings, and bolting. 


CLASSIFICATION OF VALVES 


The following are some of the commonly used valve classifications: 


Classification Based on Mechanical Motion 


Based on the mechanical or cyclical motion of the valve closure member, valves 
are classified as follows: 


Linear Motion Valves. The valves in which the closure member, as in gate, globe, 
diaphragm, pinch, and lift check valves, moves in a straight line to allow, stop, or 
throttle the flow. Table A10.1 lists the valves based on motion of valve-closure 
member. 


Rotary Motion Valves. When the valve-closure member travels along an angular 
or circular path, as in butterfly, ball, plug, eccentric- and swing check valves, the 
valves are called rotary motion valves. See Table A10.1. 
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TABLE A10.1 Classification of Valves Based on Motion 


Valve type Linear motion Rotary motion Quarter turn 


Gate valve 


Globe valve 


Swing check valve 


Lift check valve 


Tilting-disc check valve 


Folding-disc check valve 


In-line check valve 


Stop check valve 


Ball valve 


Pinch valve 


Butterfly valve 


Plug valve 


Diaphragm valve 


Safety valve 


Relief valve 


Notes: Tilting-disc check valves are in the same category as swing check valves in regard to motion of 
the disc. 

When a swing check valve is provided with the external means to close and maintain the valve disc in 
a closed position, it can be used as a stop check valve. 


Quarter Turn Valves. Some rotary motion valves require approximately a quarter 
turn, 0 through 90°, motion of the stem to go to fully open from a fully closed 
position or vice versa. Refer to Table A10.1. 


Classification Based on Valve Size 


Valve Size. Valve size is denoted by the nominal pipe size (NPS), which is equal 
to the size of valve-connecting ends or the flange-end size. In the metric system, 
valve size is designated by the nominal diameter (DN) of connecting pipe or the 
connecting flange ends. When a valve is installed with reducers on each end, the 
size of the valve will be equal to the size of the reducer-connecting ends attached 
to the valve. The valve size is not necessarily equal to the inside diameter of the valve. 

It is a normal industry practice to categorize valves, based upon size, in two 
classification: small and large. 
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Small Valves. NPS 2 (DN 50) and smaller valves are called small valves. At times, 
NPS 2% (DN 65) and smaller valves are referred to as small valves. As such, the 
size classification can vary and, therefore, it should not be considered a uniform 
industry practice. 


Large Valves. NPS 2⁄2 (DN 65) and larger valves are classified as large valves. 
As indicated earlier, NPS 215 (DN 65) valves may be designated as small valves, 
depending on the criteria used in classifying small valves. 


Classification Based on Pressure-Temperature Rating 


Class Ratings. Pressure-temperature ratings of valves are designated by class 
numbers. Based on the material(s) of construction, the pressure-temperature ratings 
for each class are tabulated to provide the maximum allowable working pressures, 
expressed as gauge pressures, at the temperature shown. The temperature shown 


TABLE A10.2 ASME B16.34 Classification of Valves and Limitations 


Class 


Standard? 


Special? 


Limited^ 


Intermediate? 


Butt welding 


Socket welding*’ 


Flanged? 


Threaded^"? 


! Class 4500 applies only to welding end valves. 

? Valves conforming to the requirements of ASME B16.34, for standard class valves. Ratings shall not 
exceed the values shown in those Tables 2 having an identifying suffix “A.” (ASME B16.34). 

5 Threaded or welding-end valves which have successfully passed the examination required by Section 
8 (of ASME B16.34) may be designated Special Class valves. Ratings shall not exceed the values shown 
in those Tables 2 having an identifying Suffix *B." (ASME B16.34). Special Class ratings shall not be used 
for flanged-end valves. 

* Welding- or threaded-end valves in sizes NPS 2-1/2 and smaller that conform to the requirements of 
Annex G (ASME B16.34) may be designated Limited Class valves. Limited Class ratings shall not be used 
for flanged end valves. 

? Threaded-end valves rated above Class 2500 and socket-end valves rated above Class 4500 are not 
within the scope of ASME B16.34. 

* A welding- or threaded-end valve may be assigned an intermediate pressure and temperature rating 
or Class, either Standard or Special, in accordance with paragraph 6.1.4 of ASME B16.34, provided all 
applicable requirements of this standard are met. 

7 Threaded and socket-welding-end valves larger than NPS 2-1/2 are beyond the scope of ASME B16.34. 

* Flanged-end valves shall be rated as Standard Class. 

? A class designation greater than Class 2500 or a rating temperature greater than 1000°F applied to 
threaded-end valves is beyond the scope of ASME B16.34. 


ely 


MSS Standard 


Rating/class 


TABLE A10.3 Valves Covered by MSS Standards 


Valve types 


Size (NPS) 


Material 


MSS SP-42 
Class 150 Corrosion Re- 
sistant Gate, Globe, 


Class 150 


a. Gates, (OS&Y)! 


a. NPS 14-24 


b. Globes, tee-, wye-pattern and angle, 


b 


A351; CF8, CF8M, CF8C, 
CF3, CF3M 
Alloy 20, CN7M 


Angle, and Check (OS&Y) - NPS 4-24 Globe and angle A182 
Valves with Flanged a NPS 12-24 wye-Pattern Globe A240 
and Butt-Weld Ends A276 
" A479 
c. Check, lift, swing and wye-pattern * NPS 14-24 Lift check 
m NPS 12-24 Swing check 
MSS SP-67 a. Class 25, 125, 150, a. Flangeless (wafer type), Single flange (lug a. NPS 115-72 Bronze 
Butterfly Valves 300, 400, 600, 900, type), and flanged-end valves (B16.24) 
1500, 2500 Cast Iron 
(B16.1) 
b. Class? C606 rating b. Grooved-end and shouldered-end valves b. Pressure rating per ASME Ductile Iron 
B16.34, B16.1, B1624, B1642, | (B16.42) 


B16.47 


Materials per ASME B16.34 


MSS SP-68 
High-Pressure Butterfly 
Valves with Offset 

Design 


ASME B106.34 ratings 


Wafer, lug type 


NPS 3-24 
(DN 80-600) 
NPS 30-48 
(DN 750-1200) 


A126, Class B 
Brass 

Or 

Bronze 


MSS SP-70 


125, 250 and 800 


Type I—Solid-wedge disc 


a. NPS 2-48, flanged end 


A126, Class B 


Cast-Iron Gate Valves, Hydraulic Type II—Split-wedge disc b. NPS 2-6, threaded end Brass 
Flanged and Threaded Type III— Double disc, parallel seat Or 
Ends Bronze 
MSS SP-71 125 and 250 Type I—Full waterway, metal to metal seats? a. 2-24 (DN 50-600) flanged end | A126, Class B trim: 


Gray-Iron Swing Check 
Valves, Flanged and 
Threaded Ends 


Type H—Full waterway, composition to metal 
seats 

Type III— Clear waterway, metal to metal seats 

Type IV— Clear waterway, composition to 
metal seats 


b. 2-6 (DN 50-150)' threaded 
end 


Bronze 
Cast Iron 
Stainless Steel 


MSS SP-72 
Ball Valves with Flanged 
or Butt-Welding Ends 
for General Service 


150, 300, 400, 900 per 
ASME B16.24 and 
ASME B16.5 150 & 
300 per ASME B16.42 


Ball valves 
Full port 
Regular port 
Reduced port 


V5 through 36 


Carbon steel, alloy steel, stain- 
less steel, ductile iron and 
bronze 


MSS SP-78 
Cast-Iron Plug Valves, 
Flanged and Threaded 
Ends 


125, 250 and 800 


Plug valves 
Flanged 
Threaded 
Lubricated 
Nonlubricated 


* NPS 2-2 Flanged 
* NPS 2-6 Threaded 


A126, A48, B62, B584, A47, 
A536, A197, A283 


£LV'V 


TABLE A10.3 Valves Covered by MSS Standards (Continued) 


MSS Standard 


Rating/class 


Valve types 


Size (NPS) 


Material 


MSS SP-80 
Bronze Gate, Globe, 
Angle, and Check 
Valves 


a. 125, 150, 200, 300, and 
350 


a. Threaded and soldered ends 


a. Threaded ends—'%-3 
Soldered ends—14-3 


b. 150 and 300 


b. Flanged ends 


b. Flanged ends—5-3 


Bronze 
B61, B62, B124, B584, B371, 
B99, B16, B140, A494 


MSS SP-81 


Stainless-Steel, Bonnetless, 


Flanged Knife-Gate 
Valves 


Valves for pressure not ex- 
ceeding 150 psig (? tem- 
perature 32 to 150° F 


Bonnetless, flanged knife-gate valves 


2-24 


Stainless steel or stainless-lined 


cast or fabricated 


A290, A351, A276, A743, A216, 


B62, A126 


MSS SP-85 
Cast-Iron Globe and 
Angle Valves, Flanged 
and Threaded Ends 


125 and 250 


Globe, angle, threaded, and flanged 


NPS 2-12 flanged 
NPS 2-6 threaded 


Cast iron 
A126, Class B 


MSS SP-88 
Diaphragm Type? Valves 


Cat. A, 125 and 150 
Cat. B 

Yo-1 (200 psig) 
114-2 (175 psig) 
2%-4 (150 psig) 

5 & 6 (125 psig) 

8 (100 psig) 

10 & 12 (65 psig) 
14 & 16 (50 psig) 
Cat. C, Mfr. rating 


Diaphragm type valves 


Bronze B62 

Cast iron A126, C1.B 
Malleable iron A47 
Carbon steel A216, WCB 
Stainless steel A351 
Ductile iron A395 
Aluminum B26 


MSS SP-99 
Instrument Valves* 


10,000 psi and lower @ 
100°F 


Valves 
needle, packless, ball, plug, check, and manifold 


1 in and smaller 


Steel and alloy 
Materials per ASME B16.34 


MSS SP-105 
Instrument Valves‘ for 
Code Applications 


10,000 psi and lower @ 
100°F 


Valves 
needle, packless, ball, plug, check, and manifold 


1 in and smaller 


Steel and alloy 

Materials per ASME B16.34, 
B31.1, B31.3 

ASME Section III 


MSS SP-108 
Resilient-Seated Cast- 
Iron, Eccentric Plug 
Valves 


* 175 psig CWP’, (NPS 
-112) 

* 150 psig CWP (NPS 
14-72) 


! Outside screw and yoke. 
? Valve ends shall conform to ANSI/AWWA C-606. 
? Refer to figures in MSS SP-71. 
* For equivalent metric (DN) sizes, refer to App. E2, E2M, and Table A1.1 (Chapter A1). 
? Tables and annexes referenced are the ones in the standard. 
€ The application of valve type, size, rating, material of construction, and suitability for service are the responsibility 
of the purchaser and are outside the scope of this standard. 
7 Cold working pressure. 


Plug valves, flanged, threaded, mechanical joint or 
grooved-end connection 


Cast iron 
A126, Class B 
A48, Class 40 
A536 
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for a corresponding pressure rating is the temperature of the pressure-containing 
shell of the component. Items such as a piping system or a portion thereof, a pump, 
tank, heat exchanger, pressure vessel, valves, et cetera are considered components. 

ASME B16.34, Valves—Flanged, Threaded, and Welding End is one of the 
most widely used valve standards. It defines three types of classes: standard, special, 
and limited. ASME B16.34 covers Class 150, 300, 400, 600, 900, 1500, 2500, and 
4500 valves. It also allows valves to be classified as intermediate whose pressure- 
temperature ratings may fall within those listed for the standard and special class 
valves. See Table A10.2 for valve classifications and their limitations covered by 
ASME B16.34. Refer to Table A1.2 in Chapter Al for metric equivalent (PN) of 
valve classifications. 

Tables A10.3 and A10.4 provide a listing of valve classes covered by various 
commonly used valve standards published by the Manufacturers Standardization 
Society (MSS) and the American Petroleum Institute (API). Table A10.5 provides 
a brief summary of valves covered by AWWA standards. 


Cold Working Pressure (CWP) Rating. Valves are also rated by the CWP rating. 
This rating represents the maximum allowable working pressure at the ambient 
temperature to which the valve may be subjected in normal service. Sometimes it 
is referred to as cold rating. The pressure rating of a valve at —20 to 100°F (—29 
to 38°C), as listed in ASME B16.34 and other valve standards, is considered cold 
working pressure (CWP) or cold rating. CWP is also designated as the water-oil- 
gas (WOG) rating. Valves marked with CWP or WOG rating are primarily intended 
for applications in which the flow medium is maintained at ambient temperature, 
such as, but not limited to, water, oil, and gas distribution and transmission systems. 


NFPA Rating. Valves to be used in fire protection systems in the United States 
are required to be rated for fire service. These valves are rated for 175 and 250 psi 
(1210 and 1725 kPa), and they are designated as UL (Underwriters Laboratories) 
listed and FM (Factory Mutual) approved. A valve rated for 175 psi (1210 kPa) 
for fire protection service may also be rated for higher pressure marked as CWP 
or Water Working Pressure (WWP) for general service. As such, a fire-rated valve 
may be used at pressures higher than fire service rating in applications termed as 
general service. 


General Service Rating. The general service rating may be considered to be the 
equivalent of the CWP rating. Some valve manufacturers assign two ratings, fire 
rating and general service rating, to a valve. A UL-listed and FM-approved valve 
rated for 175 psig (1210 kPa) may have a general service rating of 400 psig (2760 
kPa) at ambient temperature. It means that this valve can be used in a fire protection 
system having a maximum allowable working pressure of 175 psi (1210 kPa) or 
less, whereas it can be used in other services termed as general services and be 
subjected to a maximum allowable working pressure of 400 psig (2760 kPa). One 
must classify the service in accordance with the code of construction, as required. 
If the service does not fall within the jurisdiction of a code, then prudent engineering 
judgment may be followed in selecting the valve. 


Steam Working Pressure (SWP) Rating. The SWP rating of a valve is intended 
to define the maximum working pressure corresponding to the steam temperature. 
A valve assigned a SWP rating must not be used in steam service at pressures and 
temperatures exceeding the rating. 


Dual or Multiple Ratings. A valve may be assigned one or more ratings by the 
valve manufacturer. Ratings assigned must be marked on the valve. The marking 


ETA 


API Standard 


TABLE A10.4 Valves Covered by API Standards 


Rating/class 


Valve types 


Size 


Materials 


API Stan: 526 
Flanged Steel-Pressure Relief 
Valves 


150, 300, 600, 900, 2500 


a. Spring loaded 


b. Pilot-operated pressure relief 
valves (PORV) 


a. Table 2-15 for spring- 
loaded Valves 


b. Table 16-29 for PORV 


SA 216, Gr. WCB 
SA 217, Gr. WC 
SA 351, Gr. CF8M 


API Stan 599 
Metal Plug Valves, Flanged, and 
Welding Ends 


150, 300, 400, 600, 900, 1500 and 2500 per 
ASME B16.34 


Plug valves with flanged or butt- 
welding ends 


NPS 1-24 


Ductile iron (B16.42) 
A395, A126 and ASME B16.34 
materials 


API Stan: 600 
Steel Gate, Valves—Flanged and 
Butt-Welding Ends, Bolted, and 
Pressure-Seal Bonnets 


150 through 2500 


Gate valves 


NPS 1-24 


Material listed in ASME B16.34 
A182, A217, A276, A351, A439, 
B473 


API Standard 602 
Compact Steel Gate Valves- 
Flanged, Threaded, Welding, 
and Extended-Body Ends 


* Threaded-end, socket-welded end, or ex- 
tended-body valves 800 or 1500 

* Flanged end valves 150, 300, 600, or 1500 

* Butt-welded end valves 150, 300, 600, 
800, 1500 


Gate valves 
a. Flanged and butt-welding 


. NPS 4 and smaller 


b. Threaded and socket-welding 


. NPS 2% and smaller 


A105, A106, A182, A216, A217, 
A276, A312, A333, A335, A350, 
A351, A352, A582, B473 


API Standard 594 
Check Valves: Wafer, Wafer-Lug, 
and Double-Flanged Type 


a. Class 125 and 250 d. Class 900 & 1500 
b. Class 150 & 300 e. Class 2500 
c. Class 400 & 600 


Check valves 


. NPS 2-48 
. NPS 2-60 
. NPS 2-42 


d. NPS 2-24 
e. NPS 2-12 


A182, A217, A351, A494, B473, 
B564 


API Standard 603 
Class 150, Cast, Corrosion-Resis- 
tant, Flanged-End Gate Valves 


150 


Gate valves 


NPS 15-12 


ASME B16.34 Group 2 or 3 mate- 
rials 


API Standard 608 
Metal Ball Valves—Flanged, 
Threaded, and Welding-End 


. 150 and 300 


a. Butt-welding or flanged ends 


a. NPS 15-12 


. 150, 300, and 600 


b. Threaded or socket-welding 
ends 


b. NPS 15-2 


Per ASME B16.34 


API Standard 609 
Butterfly Valves: Double-Flanged, 
Lug-and-Wafer Type 


. 125 or 150 


a. Category A! 


a. NPS 2-48 


b. 150, 300, and 600 


b. Category B? 


b. NPS 3-24 


Ductile iron copper alloys B16.34 
materials 


API 6D 
Specification for Pipeline Valves 


150, 300, 400, 600, 900, 1500, 2500 


Gate, plug, ball, check flanged, 
or welded ends 


Class 2500 (NPS 2-16) 
Class 1500 (NPS 2-16) 
Class 900 (NPS 2-36) 
Class 150-600 (NPS 2-60) 


! Manufacturer's rated cold working pressure (CWP) butterfly valves, usually with concentric disc and seat configuration. 
? Pressure-temperature rated butterfly valves that have an offset seat and either eccentric or concentric disc configuration. 


A216, A217, A351, A352, A487, 
A757, A105, A182, A350, A541, 
A181, A707 
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TABLE A10.5 Valves Covered by AWWA Standards 


AWWA! Standard 


Rating/class 


Valve types 


Size 


Material 


AWWA C500a-95 
Addendum to ANSI/ 
AWWA C500-93 
AWWA Standard for 
Metal-Seated Gate Valves 
for Water Supply Service 


200 psig (1380 kPa) for 
valves 12 in (300 mm) 
NPS and smaller, and 
150 psig (1050 kPa) 
for valves with diame- 
ter 16 in (400 mm) 
NPS and larger? 


a. NRS gate valves 


b. (OS&Y) rising stem gate 
valves? 


a. 3 in (75 mm)-48 in (1200 
mm) 


b. 3 in (75 mm)-12 in (300 
mm) 


Iron body 
A126, A395, A536, 
A27 


AWWA C501-92 Sluice gate Cast iron 
AWWA Standard for Cast- A126, A48 
Iron Sluice Gates 
AWWA C504-94° a. Class 150 a. Wafer valves a. 3-20 in (75-500 mm) Cast iron 


AWWA Standard for 
Rubber-Seated Butterfly 
Valves 


b. All classes 


b. Short-body flanged valves 


b. 3-72 in (75-1800 mm) 


c. Class 75A, Class 75B, 
Class 150A and Class 
150B° 


c. Long-body flanged valves 


c. 3-72 in (75-1800 mm) 


d. 
a Class 150B 
a All classes 


d. Mechanical joint-end 
valves 


d. 

a 3-24 in (75-600 mm) 

a All sizes 30-48 in (750- 
1200 mm) 


Ductile iron 

Alloy—cast iron 

A48, A126, A216, 
A436, A439, A536 


AWWA C507-91 
AWWA Standard for Ball 
Valves 6 in-48 in (150 

mm-1200 mm) 


150-300 


Flanged end, tight shut-off, 
shaft or trunnion- 
mounted, full port, dou- 
ble- and single-seated ball 
valves 


6 in-48 in (150 mm-1200 
mm) 


Gray iron 

Ductile iron 

Cast steel 

A27, A48, A126, 
A216, A351, A395 
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TABLE A10.5 Valves Covered by AWWA Standards (Continued) 


AWWA! Standard Rating/class Valve types Size Material 
AWWA C508-93 a. 175 psig (1200 kPa) Swing check with a. 2 in (50 mm)-12 in (300 Iron body 
AWWA Standard for b. 150 psig (1030 kPa) mechanical joint or mm) A27, A47, A126, 
Swing-Check Valves for flanged ends b. 16 in (400 mm)-24 in A395, A536 


Waterworks Service, 2 in 
(50 mm) through 24 in 
(600 mm) NPS 


(600 mm) 


AWWA C509a-95 
Addendum to ANSI/ 
AWWA C509-94 
AWWA Standard for 
Resilient-Seated Gate 
Valves for Water Supply 
Service 


* 200 psig (1380 kPa) 
for 3-12 in (75-300 
mm size) 

* 150 psig (1034 kPa for 
16 and 20 in (400 and 
500 mm size) 


Gate with 

a. Flanged end 

b. Mechanical joint ends 
c. Push-on joint ends 

d. Tapping-valve ends 


3, 4, 6, 8, 10, 12, 16, 20 in 
(75, 100, 150, 200, 250, 
300, 400, 500 mm) 


Gray or ductile iron 
A27, A126, A395, 
A536 


ANSI/AWWA. C510-92 
AWWA Standard for 
Double-Check Valve 
Black-Flow Prevention 
Assembly 


150 psig (1034 kPa) 


Double check valve 


54 in (19 mm) 
10 in (254 mm)? 


Bronze and gray iron 

B61, B62, B139, B584 

A126, A276, A395, 
A536 


ANSI/AWWA C512-92 
AWWA Standard for Air- 
Release, Air Vacuum, and 
Combination Air Valves 
for Waterworks Service 


Maximum working 
pressure of 300 psig 
(2070 kPa) 


Air-release, air-vacuum, and 
combination air valves 
flanged or threaded ends 


15 in (13 mm)-16 in (400 
mm) 


Gray cast iron or 
ductile iron 
A48, A126, A536 


1. For detail scope, refer to applicable AWWA Standard. 
2. Valves for operating pressure outside these limits are beyond the scope of this standard. 
3. Gate valves with either double-disc gates having parallel or inclined seats, or solid-wedge gates. Flanges and 
mechanical joints per section 3.5 of this standard. 
4. Valves 14 in (350 mm) NPS and 18 in (450 mm) are not covered by this standard. 
5. Standard cover valves suitable for a maximum steady state fluid-working pressure of 150 psig (1034 kPa), a 
maximum steady state AP of 150 psi (1034 kPa) and maximum velocity 16 ft/sec (4.9 m/sec). 
6. For classification A and B, reference section for definition of classification. 
7. Reference Table 1 of the standard for complete details. 
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on the valve must be in accordance with the applicable valve standard or standards. 
A valve may comply with one or more valve standards. For example, a Class 600, 
NPS 4 (DN 100), butt-welding end, steel gate valve complying with ASME B16.34 
may be marked as Class 800 valve in accordance with API Standard 603, provided 
the valve complies with the design and construction requirements of both ASME 
B16.34 and API 603. Some valve manufacturers may have proprietary design valves 
that are rated for specialty applications. 

Dual- or multiple-rated valves may be used within the pressure-temperature 
rating(s) conforming to the valve standard referenced in the code of jurisdiction 
under which the system is designed and constructed. Dual- or multiple-rated valves 
have increased utility and broad market. The manufacturer benefits from reduced 
design and production costs. 


MAJOR VALVE PARTS 


Pressure Retaining Parts 


Valve body, bonnet or cover, disc, and body-bonnet bolting are classified as pressure- 
retaining parts of a valve. The following provides a brief description of these parts: 


Body. The valve body houses the internal valve parts and provides the passage 
for fluid flow. The valve body may be cast, forged, fabricated, or made by a combina- 
tion of cast, forged, or fabricated portions. Valve bodies can be and are made from 
a variety of metals and alloys. Also, valve bodies can be and are made of nonmetals; 
however, these must be within certain size and pressure-rating limits. 

The valve-body ends are designed to connect the valve to the piping or equipment 
nozzle by different types of end connections, such as butt or socket-welded, threaded, 
flanged or bolted, soldered, brazed, solvent cement joint, mechanical joint, or cou- 
pling. Refer to Table A10.6. 


Bonnet or Cover. The bonnet or cover is fastened to the valve body to complete 
the pressure-retaining shell. In case of gate, globe, stop check, and diaphragm 
valves, it contains an opening for the valve stem to pass through. Usually, it contains 
a stuffing box. It provides access to valve internals, especially when the valve is 
installed. The top works of valves include bonnet, yoke, and operating mechanism. 
The bonnet is the base that supports the valve top works. 

The valve bonnet is attached to the valve body by many different types of joints: 
bolted, pressure-seal joints—breach lock and standard pressure seal joints— 
threaded, welded, union joint, and clamp seal. Some valves have a bonnetless design 
in which valve body and bonnet are combined into one. This is also known as an 
integral bonnet. 

The bolted bonnet design is commonly used with cast or ductile iron, cast or 
forged steel, and alloy valves, which are rated NPS 2% (DN 65) and larger, and 
Class 600 and below. Valves with a pressure seal-bonnet design are usually manufac- 
tured in Class 600 and higher rating classifications and are considered superior in 
regard to the leaktightness of the body bonnet joint. Bolted bonnet designs are 
also produced in valves rated Class 900 and higher. The user needs to consider the 
potential consequences of flow-medium leakage through body bonnet joints and 
take the necessary measures to prevent or contain the leakage. 
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TABLE A10.6 Valves Body Materials and Available End Connections 


Welding 


Mechanical | Solvent 
BW | SW | Threaded | Soldered joint cement Remarks 


See Tables A102, 
Carbon steels 3,4&5 


See Tables A10.2, 
Stainless steels 3,4&5 


See Tables A10.2, 
Alloy steels 3,4&5 


See Tables A10.3, 
Cast iron 4&5 


See Tables A10.3, 
Ductile iron 4&5 


See Tables A10.3, 
Bronze 4&5 


Brass 


Copper 


Refer to ASME 
Thermoplastics B16.40 


! Flanged-end valves include flanged, wafer-and-lug-style valves, which are installed between flanges. 


Bonnet or Cover Bolting. Bolting includes bolts, nuts, and washers. The bolting 
to be used must be made from materials acceptable for the application in accordance 
with the applicable code, standard, specification, or the governing regulation. Refer 
to the applicable valve standard for acceptable bolting materials. 


Disc. The disc is the part which allows, throttles, or stops flow, depending on its 
position. In the case of a plug or a ball valve, the disc is called plug or a ball. A 
valve disc could be cast, forged, or fabricated. A disc is seated against the stationary 
valve seat or seats when the valve is in the closed position. It can be moved away 
from the valve seat(s) by motion of the valve stem, with the exception of check 
and safety-relief valves, in which the disc is moved away from its seat(s) by fluid 
flow and pressure. 

At times some users do not consider the valve disc to be a pressure-retaining 
or -containing part. The reasoning advanced is that when the valve is in an open 
position, the disc does not perform a pressure-retaining or -containing functions. 
However, when the same valve is closed, the disc performs pressure-retaining 
functions. Refer to Table A10.7 for disc materials. 


Valve Trim. The removable and replaceable valve internal parts that come in 
contact with the flow medium are collectively termed as valve trim. These parts 
include valve seat(s), disc, glands, spacers, guides, bushings, and internal springs. 
The valve body, bonnet, packing, et cetera that also come in contact with the flow 
medium are not considered valve trim. 
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TABLE A10.7 Selected Materials of Construction for Valves 


Forgings Castings Tubular 


Material 
nominal Spec. Spec. Spec. 
designation No. Grade No. Grade g No. Grade 


C A105 A216 WCB A672 B70 


C-Si 
3 1/2Ni 


C-1/2Mo F2 A691 CM-75 


1 1/4Cr-1/2Mo F11 CL2 F11 CL2 


2 1/4Cr-IMo F22 C13 F22 Cl3 


5Cr-1/2Mo F5 F5 


9Cr-1Mo F9 F9 


18Cr-8Ni TP304 
TP304H 


9Cr-1Mo-V P91 


16Cr-2Ni-2Mo TP316 
16Cr-12Ni-2Mo TP317 


18Cr-8Ni F304L TP304L 

16Cr-12Ni-2Mo 304L TP316L 

F316L 
316L 


18Cr-10Ni-Ti F321 TP321 
321 TP321H 
F321H 


35Ni-35Fe-20Cr-Cb N08020 | A351 CN7M N08020 N08020 
28Ni-19Cr-Cu-Mo N08020 


33Ni-42Fe-21Cr N08800 N08800 N08800 


54Ni-16Mo-15Cr N10276 N10276 N10276 
42Ni-21.5Cr-3Mo- N08825 N08825 N08825 
2.3Cu 


Valve trim parts may be constructed of assorted materials because of the different 
properties needed to withstand different forces and conditions. Bushings and pack- 
ing glands do not experience the same forces and conditions as do the valve disc 
and seat(s). Flow-medium properties, chemical composition, pressure, temperature, 
flow rate, velocity and viscosity are some of the important considerations in selecting 
suitable trim materials. Trim materials may or may not be the same material as 
the valve body or bonnet. 
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API has standardized trim materials by assigning a unique number to each set 
of trim materials. Refer to Table A10.8 for API trim materials. 


Nonpressure Retaining Parts. Valve seat(s), stem, yoke, packing, gland bolting, 
bushings, handwheel, and valve actuators are some of the major nonpressure- 
retaining parts of a valve. 


Valve Seat(s). A valve may have one or more seats. In the case of a globe or a 
swing-check valve, there is usually one seat, which forms a seal with the disc to 
stop the flow. In the case of a gate valve, there are two seats; one on the upstream 
side and the other on the downstream side. The gate-valve disc or wedge has two 
seating surfaces that come in contact with the valve seats to form a seal for stopping 
the flow. Multiport plug and ball valves may have several seats, depending upon 
the number of ports in the plug or ball. 

The valve leakage rate is directly proportional to the effectiveness of the seal 
between the valve disc and its seat(s). The valve standards MSS SP 61, API 598, 
and ASME B16.34 specify acceptable leak rates. A user may specify more or less 
restrictive leak rates to satisfy the application requirements. 

Valve manufacturers have developed several designs of combination valve seats 
involving elastomer and metal seats that are effective in achieving the desired 
leaktightness, which is not readily accomplished with metal seats. 

Valve seats may be integral, replaceable, or renewable seat rings. Small valves 
generally are provided with screwed-in, swaged-in, welded, or brazed-in valve seats. 
Large valves may have any of the seat designs listed for small valves, or have seats 
integrally cast or forged with the valve body and hardened by heat treatment or 
surfaced with hard material such as Stellite. Stellite is a trade name of the Deloro 
Company. There are other metals that can be used for hardening the seating surfaces. 


Galling Prevention. In order to prevent or minimize galling of the valve disc and 
valve seats, it is common industry practice to maintain a hardness differential 
between the stationary seating surfaces of valve seats and the moving seating 
surfaces of the valve disc. The stationary valve seats are hardened slightly more 
than the disc-seating surfaces. When both the valve seats and the disc are hardened 
by use of Stellite, the valve is termed fully stellited. When only the seats are hardened 
by use of Stellite, the valve is called half stellited. Heat treatment is another method 
of hardening. 


Valve Stem. The valve stem imparts the required motion to the disc, plug, or the 
ball for opening or closing the valve. It is connected to the valve handwheel, actuator, 
or the lever at one end and the valve disc on the other. In gate or globe valves, 
linear motion of the disc is needed to open or close the valve, while in plug, ball, 
and butterfly valves, the valve disc is rotated to open or close the valve. With the 
exception of stop-check valves, check valves do not have valve stems. 


Rising Stem with Outside Screw and Yoke. The outermost part of the stem is 
threaded, while the portion of stem inside the valve is smooth. The stem threads 
are isolated from the flow medium by the stem packing. Two different styles of 
this design are available: one having the handwheel fixed to the stem so that they 
rise together, and the other having a threaded sleeve that causes the stem to rise 
through the handwheel. The rising stem with outside screw and yoke (O. S. & Y.) 
is a common design for NPS 2 (DN 50) and larger valves. Some codes, such as 
ASME B21.1, Power Piping, require that an outside screw-and-yoke design be used 
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TABLE A10.8 API Trim Materials 


Seat surface 


Seat surface 


Typical specification (grade) 


Stem/Bushing 


Trim Nominal material Material Typical specifications 
number trim type (b) Cast Forged Welded type (b) type 
1 F6 13Cr ASTM A217 ASTM A182 (F6a) AWS A5.9 ER410 13Cr ASTM A276 T410 or 
(CA15) T420 
2 304 18Cr-8Ni ASTM A351 (CF8) ASTM A182 (F304) AWS A5.9 ER308 18Cr-8Ni ASTM A276 T304 
3 F310 25Cr-20Ni Š ASTM A182 (F310) AWS A5.9 ER310 25Cr-20Ni ASTM A276 T310 
4 Hard F6 Hard 13Cr id (£) * 13Cr ASTM A276 T410 or 
T420 
5 Hardfaced Co-Cr A(g) m * AWS AS.13E or R 13Cr ASTM A276 T410 or 
CoCrA T420 
5A Hardfaced Ni-Cr * * (h) 13Cr ASTM A276 T410 or 
T420 
6 F6 and 13Cr ASTM A217 ASTM A182 (F6a) AWS A5.9 ER410 13Cr ASTM A276 T410 or 
(CA15) T420 
Cu-Ni Cu-Ni z (k) 5 x * 
7 F6 and 13Cr ASTM A217 (CA15) ASTM A182 (F6a) AWS AS.9 ER410 13Cr ASTM A276 T410 or 
T420 
Hard F6 Hard 13Cr i (£) » e d 
8 F6 and 13Cr ASTM A217 (CA15) ASTM A182 (F6a) AWS AS.9 ER410 13Cr ASTM A276 T410 or 
T420 
Hardfaced Co-Cr A(g) * * AWS AS.13E or R * g 
CoCrA 
8A F6 and 13Cr ASTM A217 (CA15) ASTM A182 (F6a) AWS A5.9 ER410 13Cr ASTM A276 T410 or 
T420 
Hardfaced Ni-Cr $ * (h) * * 
9 Monel Ni-Cu alloy * MFG. Standard t Ni-Cu alloy MFG. Standard 
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TABLE A10.8 API Trim Materials (Continued) 


Nominal 
trim 


Seat surface 
material 


type (b) 


Seat surface 
Typical specification (grade) 


Stem/Bushing 


Cast 


Forged 


Welded 


Material 
type (b) 


Typical specifications 
type 


316 


18Cr-8Ni 


ASTM A351 (CF8M) 


ASTM A182 (F316) 


AWS A5.9 ER316 


18Cr-8Ni ASTM A276 T316 


Monel and 


Ni-Cu alloy 


* 


MFG. Standard 


* 


Ni-Cu alloy MFG. Standard 


Hardfaced 


Trim 5 or 5A 


* 


$ 


SEE TRIM 5 or 5A 


* * 


316 and 


18Cr-8Ni 


ASTM A351 (CF8M) 


ASTM A182 (F316) 


AWS A5.9 ER316 


18Cr-8Ni ASTM A276 T316 


Hardfaced 


Trim 5 or 5A 


* 


* 


SEE TRIM 5 or 5A 


* * 


Alloy 20 


19Cr-29Ni 


ASTM A351 
(CN7M) 


ASTM B473 


AWS A5.9 ER320 


19Cr-29Ni ASTM B473 


Alloy 20 
and 


19Cr-29Ni 


ASTM A351 
(CN7M) 


ASTM B473 


AWS A5.9 ER320 


19Cr-29Ni ASTM B473 


Hardfaced 


Trim 5 or 5A 


* 


See trim 5 or 5A 


* * 


Hardware 


Co-Cr A(g) 


* 


AWS ASA3E or R 
CoCrA 


18Cr-8Ni ASTM A276 T304 


Hardfaced 


Co-Cr A(g) 


AWS AS.13E or R 
CoCrA 


18Cr-8Ni ASTM A276 T316 


Hardware 


Co-Cr A(g) 


AWS AS.13E or R 
CoCrA 


18Cr-10Ni ASTM A276 T347 


Hardfaced 


Notes: 


Co-Cr A(g) 


25%. (k) = Manufacturer's standard with 30 Ni minimum. 


AWS ASA3E or R 
CoCrA 


Trim Numbers and Alternate Trim Number 


Specified trim 
numbers 


Alternative trim number 


1 


8 or 8A 


10 


5 


8 
8 


19Cr-29Ni ASTM B473 


(£) = Case hardened by nitriding to a thickness of 0.13 m (0.005 in) minimum. (h) = Manufacturer’s standard hardfacing with a maximum iron content of 
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FIGURE A10.1  Rising-stem solid-wedge gate FIGURE A10.2 Nonrising stem gate valve for 
valve for 250-psig steam service. 250-psig steam service. 


for NPS 3 (DN 80) and larger valves in pressures above 600 psi (4140 kPa). See 
Fig. A10.1. 


Rising Stem with Inside Screw. The threaded part of the stem is inside the valve 
body, and the stem packing is along the smooth part that is exposed to the atmo- 
sphere outside. In this case the stem threads are in contact with the flow medium. 
When rotated, the stem and the handwheel rise together to open the valve. This 
design is commonly used in the smaller-sized low-to-moderate pressure gate, globe, 
and angle valves. 


Nonrising Stem with Inside Screw. The threaded part of the stem is inside the 
valve and does not rise. The valve disc travels along the stem like a nut when the 
stem is rotated. Stem threads are exposed to the flow medium and, as such, are 
subjected to its impact. Therefore, this design is used where space is limited to 
allow linear stem movement, and the flow medium does not cause erosion, corrosion, 
or wear and tear of stem material. See Fig. A102. 


Sliding Stem. This stem does not rotate or turn. It slides in and out of the valve 
to close or open the valve. This design is used in hand-lever-operated quick- 
opening valves. It is also used in control valves that are operated by hydraulic or 
pneumatic cylinders. 


Rotary Stem. This is a commonly used design in ball, plug, and butterfly valves. 
A quarter-turn motion of the stem opens or closes the valve. 


Stem Packing. Stem packing performs one or both of the following two functions, 
depending on the application: 


* Prevent leakage of flow medium to the environment 
* Prevent outside air from entering the valve in vacuum applications 
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Stem packing is contained in a part called the stuffing box. Packing rings are 
packed and compressed by tightening a packing nut or packing gland bolts. Compres- 
sion must be adequate to achieve a good seal. Sometimes it requires regular inspec- 
tion and tightening of packing rings, if required, to stop leakage. If this does not 
stop the leakage, the packing may need to be replaced. Belleville washers are used 
to maintain live loading, or the required compression of packing to achieve an 
effective seal against leakage. 

A stuffing box may be provided with some or all of the following features as 
dictated by the valve application: 


* Two sets of packing rings separated by an intermediate lantern ring 
* A bottom junk ring 


* A leak-off connection which detects leakage past the lower set of packing rings 
and is piped off to a leakage collection tank 


* A blow-off connection for removal of packing rings using compressed air 
* Belleville washer, live loading 


* A steam-seal connection, where an external steam supply is used to prevent 
leakage from the packing chamber 


* As an alternate to steam-seal connection, a grease or sealant-seal connection 
used to prevent loss of vacuum within the valve 


* Inverted-V packing for vacuum service 


Figure A10.3a shows a standard graphite packing arrangement; Figure A10.3b 
depicts the inverted Teflon packing arrangement for vacuum service; Figure A10.3c 
reflects a lantern-ring packing arrangement; and Figure A10.3d shows a live-loading 
packing system. 


Stem Protector. In the case of outside-screw-and yoke rising-stem gate and globe 
valves, a portion of the threaded valve stem is exposed to the outside environment 
when the valve is in the open position. Airborne dirt and other substances may be 
deposited on the exposed portion of the threaded stem and impair its smooth 
operation or shorten its stem-bushing life. A stem protector in the form of a clear 
plastic sleeve, tubing, or a pipe with a cap at the end is installed to protect the 
stem. The length of the stem protector must be adequate to allow full stem travel. 


Back Seat. Back seat is comprised of a shoulder on the stem and a mating surface 
on the underside of the bonnet. It forms a seal when the stem is in the fully open 
position. It prevents leakage of flow medium from the valve shell into the packing 
chamber and consequently to the environment. Back seat enables dismantling of 
the valve beyond the bonnet, without disrupting the fluid flow through the valve. 
In addition, it allows the replacing of the stuffing box while the valve is in service. 


Yoke. Yoke is also called yoke arms. It connects the valve body or bonnet with 
the actuating mechanism. In some cases, it provides support for the gland-pull- 
down bolts. On many valves, the yoke and bonnet are designed as one-piece con- 
struction. The top of the yoke holds a yoke nut, stem nut, or yoke bushing and the 
valve stem passes through it. See Fig. A10.1. 

For power-actuated valves, the yoke arms are of a heavier construction to provide 
adequate support to the actuator. The yoke usually has openings or windows to 
allow access to the stuffing box, position-switch dogs, actuator couplings, et cetera. 
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FIGURE A10.3a Standard graphite packing arrangement. (Courtesy of 
Velan.) 


FIGURE A10.3b Inverted Teflon packing arrangement for vacuum service. 
(Courtesy of Velan.) 
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Lantern ring packing arrangement. (Courtesy of Velan.) 
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FIGURE A10.3d  Live-loading packing arrangement. (Courtesy of Velan.) 
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Structurally, a yoke must be sturdy enough to withstand forces, moments, and 
torque developed by the actuator. 


Yoke Bushings. An internally threaded nut held in the top of a yoke through 
which the valve stem passes. In gate and diaphragm valves, the yoke nut is turned 
and the stem travels up or down depending upon the direction of rotation of the 
nut. In the case of globe valves, the nut is held fixed and the stem is rotated through 
it. Usually, the yoke nut or yoke bushing is made of softer material than the stem 
for valves requiring medium effort to actuate. Valves which require greater effort 
to open or close are provided with anti-freeze yoke-sleeve bearings that minimize 
the friction between the hardened stem and the yoke bushing. 


MATERIALS 


Each of the valve standards listed in the beginning of this chapter lists material 
specifications which are acceptable for construction of valves covered by the stan- 
dard. At times, a valve standard may make reference to other standard(s) which 
list the acceptable materials. One of the most widely used valve standards is ASME 
B16.34. It lists three groups of acceptable materials that are further subdivided into 
several subgroups. 

Valve bodies, discs, and bonnets may be made from forgings, castings, or fabri- 
cated from combination of plate materials and others. Stems are usually produced 
from bar stock. Stems may be heat treated to provide needed hardness. Tubular 
materials are also used to make valve parts. 

Valve bodies and trim materials may be totally different. For example, cast iron 
body valve may have stainless steel or bronze trim. Sometimes, the discs may be 
electroplated or lined to provide protection against corrosion. 

Refer to Tables A10.3, A10.4, A10.5, A10.7, and A10.8 for lists of valve materials. 
For additional listing of acceptable valve materials, refer to valve standards and 
the code of jurisdiction. 


VALVE CATEGORIES 


Stop (Isolation) Valves 


As the name implies, stop valves are used to stop flow or isolate a portion of the 
system until it is desirable to achieve flow downstream of the valve. The basic 
design requirement of stop valves is to offer minimum resistance to flow in the 
fully open position and to exhibit tight shut-off characteristics when fully closed. 
Gate, globe, ball, butterfly, plug, and diaphragm valves satisfy the above require- 
ments in varying degrees and, therefore, are widely used in shut-off service. The 
actual type of valve selected is dictated by several parameters, including: 


* Pressure drop 
* Seat leakage 
* Fluid properties 
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* System leakage 

* Actuation requirements 
* Initial cost 

* Maintenance 


Regulating Valves 


Regulating valves are used extensively in piping systems to regulate the flow of 
fluid. Whether the desired effect is to control flow, pressure, or temperature, the 
task is accomplished by increasing or decreasing the flow through the valve in 
response to a signal from a pressure, flow, or temperature controller. 

The primary requirement of a flow-control valve is to predictably regulate the 
flow with respect to its open position and impart the required pressure drop without 
sustaining damage. Specially designed globe, needle, butterfly, ball, plug, and dia- 
phragm valves are capable of satisfying these requirements in varying degrees. 
The manufacturer's literature should be consulted for the limitations placed on a 
particular valve. 


Backflow Prevention 


Valves are generally used for the prevention of backflow. The valves are self- 
actuating and the valve disc is kept open by the forward flow of fluid. The valve 
disc is quickly closed by reverse flow. In certain applications, pneumatic actuators 
may be used to assist in the rapid closure of the valves on reversal of flow. 


fh — Xr 


Pressure-Relief Devices 


Pressure-relief devices are used to pro- 
tect piping and equipment from being 
subjected to pressures that exceed their 
design pressures. Generally, the seating 
of relief valves is accomplished by a com- 
pressed spring, which exerts a force on 
the valve disc, pressing it against the 
valve seat. When the force exerted by 
the fluid on the valve disc exceeds the 
spring force, the valve automatically 
opens to release the excess pressure. 
Other designs incorporate a pilot valve, 
which uses system pressure to control 
the movement of the disc. Another type 
of pressure-relieving device, although FIGURE A10.4 The rupture disc, a type of 
not a valve, is a rupture disc. See Fig. relief device. 

A10.4. The rupture disc is designed to 

burst open at a predetermined pressure. 

A rupture disc cannot be reseated and, therefore, must be replaced once it has 
performed its relieving function. Rupture discs have the advantage of being leak 
tight up to the rupture pressure and of being capable of relieving large rates of 
flow. The set pressure of rupture discs cannot be adjusted. 


Componion flange 
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VALVE TYPES 


Gate Valves 


Gate valves are primarily designed to serve as isolation valves. In service, these 
valves generally are either fully open or fully closed. When fully open, the fluid or 
gas flows through the valve in a straight line with very little resistance. Gate valves 
should not be used in the regulation or throttling of flow because accurate control 
is not possible. Furthermore, high-flow velocity in partially opened valves may cause 
erosion of the discs and seating surfaces. Vibration may also result in chattering 
of the partially opened valve disc. An exception to the above are specially designed 
gate valves that are used for low-velocity throttling; for example, guillotine gate 
valves for pulp stock. 


Advantages of Gate Valves 


1. They have good shutoff characteristics. 
2. They are bidirectional. 
3. The pressure loss through the valve is minimal. 


Disadvantages of Gate Valves 


The following are some of the disadvantages of gate valves that must be considered 
when selecting a gate valve for an application: 


1. Gate valves are not quick opening or closing valves. Full-stem travel to open or 
close a gate valve requires many turns of its handwheel or an actuator. 


2. Gate valves require large space envelope for installation, operation, and mainte- 
nance. 


3. The slow movement of the disc near the full-closed position results in high-fluid 
velocities, causing scoring of seating surfaces, referred to as wire drawing. It also 
causes galling of sliding parts. 


4. Some designs of gate valves are susceptible to thermal or pressure binding, 
depending upon the application. 


5. In systems experiencing high-temperature fluctuations, wedge-gate valves may 
have excessive leakage past the seats due to changes in the angular relationship 
between the wedge and the valve seats caused by piping loads on the valve ends. 


6. Repair or machining of valve seats in place is difficult. 


Construction of a Gate Valve 


Gate valves consist of three major components: body, bonnet, and trim. The body 
is generally connected to the piping by means of flanged, screwed, or welded 
connections. The bonnet, containing the moving parts, is joined to the body, gener- 
ally with bolts, to permit cleaning and maintenance. The valve trim consists of the 
stem, the gate, the wedge, or disc, and the seat rings. 
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Two basic types of gate valves are 

the manufactured-wedge type and the Y 
double-disc type, and there are several | 
variations within each of these types. A 
third type of gate valve, called conduit 
valve, is shown in Fig. A10.5. 


Wedge Type 


There are four types of wedges: solid, 
hollow, split, and flexible wedge. The 
solid wedge is a single-piece solid con- 
struction. It does not compensate for 
changes in seat alignment due to pipe- 
end loads or thermal fluctuations. As 
such it is most susceptible to leakage. 
Except for NPS 2 (DN 50) and smaller, 
solid-wedge discs are generally not rec- 
ommended for use in applications hav- 
ing temperatures in excess of 250°F 
(121°C). Solid-wedge gate valves are 
considered the most economical. Almost FIGURE A10.5 Conduit valve. 

all small, NPS 2 (DN 50) and smaller, 

gate valves are solid-wedge gate valves. Solid-wedge gate valves are generally used 
in moderate to lower pressure-temperature applications. It is common practice to 
use cast iron or ductile iron solid-wedge gate valves in cold or ambient water lines. 

A hollow wedge is a variation of solid wedge with the exception of a hole in 
the center. The hollow wedge travels along the stem when the threaded stem is 
rotated, thus opening or closing the valve port. 

The flexible wedge is also one-piece construction like a solid wedge, but areas 
behind the seating surfaces are hollowed out to provide flexibility. This construction 
compensates for changes in seat alignment for improved seating while maintaining 
the strength of a solid wedge in the middle. This design offers better leaktightness 
and improved performance in situations with potential for thermal binding. 

The split wedge consists of two-piece construction which seats between the 
tapered seats in the valve body. The two pieces of split wedge seat flat against the 
valve seats as the stem is moved downward, and they move away from the valve 
seats when the stem is pulled upward. 

In the wedge or disc-wedge types either a tapered solid or tapered split wedge 
is used. In the rising stem valves (Fig. A10.1), the operating threads are out of 
direct contact with the fluid or gas. The nonrising stem type (Fig. A10.2) is preferred 
where space is limited and where the fluid passing through the valve will not corrode 
or erode the threads or leave deposits on the threads. Also, the nonrising stem 
valve is preferred for buried service. When the valve is closed, the gate disc is 
wedged on both sides against the seat. In split-wedge gate valves (Fig. A10.6), the 
two-piece wedge disc is seated between matching tapered seats in the body. This 
type is preferred where the body seats might be distorted due to pipeline strain. 

In the rising-stem type of valve, the upper part of the stem is threaded and a 
nut is fastened solidly to the handwheel and held in the yoke by thrust collars. As 
the handwheel is turned, the stem moves up or down. In the nonrising stem valve, 
the lower end of the stem is threaded and screws into the disc, vertical motion of 
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Body Split wedge 
FIGURE A10.6  Split-wedge gate valve. 
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FIGURE A10.7a Double-disc rising-stem FIGURE A10.7b  Double-disc nonrising-stem 
flanged-end gate valve for 150-psig service. gate valve. 
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the stem being restrained by a thrust 
collar. The rising-stem valve requires a 
greater amount of space when opened. 
However, it is generally preferred be- Motor operator 
cause the position of the stem indicates 
at once whether the valve is open or 
closed. Nonrising stem valves are some- 
times provided with an indicator for 
this purpose. 
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Double-Disc Type 


In the double-disc parallel-seat valves 
(Figs. A10.7a, A10.7b, and A10.7c), the 
discs are forced against the valve seats 
by a wedging mechanism as the stem 
is tightened. Some double-disc parallel- 
seat valves employ a design which de- 
pends mainly upon the fluid pressure ex- 
erted against one side of the disc or the No.6 stellite Ñ 
other for its tightness. The major advan- 
tage of this type is that the disc cannot 
be jammed into the body, an action that 
might make it difficult to open the valve. 
This is particularly important where mo- 
tors are used for opening and closing 
the valve. 

Unlike the wedge in a wedge-gate 
valve, which only comes into contact 
with the seat rings when the valve is 
nearly closed, each disc in the parallel- 
seat valve slides against its seat while the 
valve is being opened or closed. Consequently, these components must be made 
of metals, which do not gall or tear when in sliding contact with each other. The 
double-disc parallel-seat gate valve is often favored for high-temperature steam 
service because it is less likely to stick in the closed position as a result of change 
in temperature. 
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FIGURE  A10.7c Parallel-seat gate valve 
showing welded construction for high-tempera- 
ture service with welded-in seat ring. 


Conduit Gate Valve 


It is also referred to as a slide valve or parallel slide. The disc surfaces are always 
in contact with the body seats. Like the double-disc or parallel-seated gate valve, 
its disc seats against the downstream seat, depending on the flow direction. The 
inside diameter of a conduit gate valve is equal to the inside diameter of the 
connecting pipe. These valves are used in pipelines where pigs are run through the 
piping to perform cleaning of builtup deposits or debris. The typical applications 
of conduit valves include dirty river water with suspended solids or water with 
sludge or debris. 

Conduit gate valves require a large-space envelope because of their longer disc 
proportions to accommodate both the blank and the spacer halves of the disc 
assembly. The valve is closed by moving the blank half downward to block the 
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valve port. The spacer is accommodated in the sump part of the valve body. Refer 
to Fig. A10.5. 

Conduit valves with Teflon (PTFE) seats can be used for low to intermediate 
temperatures (to 450°F or 232°C). Metal-seated valves may be used for temperatures 
up to 1000°F (538°C). 


Thermal Binding 


Thermal binding occurs when a valve is tightly shut off while the high temperature 
system is in operation. Later when the system is shut down and allowed to cool, 
thermal contraction of the valve seats move inward more than the wedge shrinkage. 
This can bind the wedge and seats tight enough to not allow the wedge to unseat 
or move when the handwheel or the valve actuator is activated to open the valve. 

Parallel seated gate valves are most suitable for applications having potential 
for thermal binding. Split-wedge or flexible-wedge type gate valves are expected 
to perform better than solid-wedge gate valves when thermal binding is a concern. 


Pressure Binding 


Sometimes in high-temperature applications, the flow medium, such as water or 
steam, is trapped in the valve bonnet area when the valve is closed for system 
shutdown. The valves that do not permit this trapped liquid or the condensate to 
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FIGURE A10.8a Pressure binding caused by built-up 
pressure in bonnet cavity. 


PART 1 SELECTION AND APPLICATION OF VALVES A.495 


reenter the piping either upstream or downstream may experience excessive pres- 
sures in the bonnet cavity when the system returns to operating temperature. This 
built-up pressure in the bonnet cavity can prevent the valve from opening and may 
cause damage to valve parts. See Fig. A10.8a. 

Pressure binding may not occur if the leakage past the upstream seat is adequate 
to prevent overpressurization of the valve bonnet cavity. The following options 
offer solutions to this problem: 


* Drill a small hole on the upstream side of the disc. See Fig. A10.8b. 


* Install a small manual stop valve between the valve bonnet-neck and the upstream 
end of the valve. This valve shall be opened during startup. 


* [nstall a small relief valve in the bonnet. 


* Edward valves offer a new valve called ACEVE to solve this problem. 
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FIGURE A10.8b A hole on the upstream side of wedge 
to release built-up pressure in bonnet cavity. 
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FIGURE A10.9 
actuator). 


Typical Gate Valve Applications 


Large wye-pattern globe valve (with gear 


Socket or butt-welding end-gate valves in air, fuel gas, feedwater, steam, lube oil, 
and other systems are typical applications. Threaded-end gate valves may be used 


in air, gaseous, or liquid systems. Con- 
cern for leakage from threaded connec- 
tion can be addressed by seal welding the 
threaded connection or by using thread 
sealants, as appropriate. In low-pressure 
and low-temperature systems such as fire 
protection systems’ water piping or wa- 
ter distribution pipelines, flanged gate 
valves are commonly used. 


Globe Valves 


Conventional globe valves may be used 
for isolation and throttling services. Al- 
though these valves exhibit slightly 
higher pressure drops than straight- 
through valves (e.g., gate, plug, ball, 
etc.), they may be used where the pres- 
sure drop through the valve is not a con- 
trolling factor. Also, wye-pattern (Fig. 
A10.9) and angle-pattern (Fig. A10.10) 
globe valves exhibit improved flow char- 
acteristics over the tee-pattern (Fig. 
A10.11) globe valve. Because the entire 
system pressure exerted on the disc is 


Wheel 


Stem 


Bonnet 


FIGURE A10.10 Angle globe valve with 
screwed ends. 
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transferred to the valve stem, the practi- 
cal size limit for these valves is NPS 12 
(DN 300). Globe valves larger than NPS 
12 (DN 300) are an exception rather than 
the rule. Larger valves would require 
that enormous forces be exerted on the 
stem to open or close the valve under 
pressure. Globe valves in sizes up to NPS 
48 (DN 1200) have been manufactured 
and used. z 

Globe valves are extensively em- Iron body globe valve 
ployed to control flow. The range of flow rising stem 
control, pressure drop, and duty must be FIGURE A10.11 A typical large globe valve 
considered in the design of the valve to with flanged ends. 
avert premature failure and to assure 
satisfactory service. Valves subjected to high-differential pressure-throttling service 
require specially designed valve trim. Generally the maximum differential pressure 
across the valve disc should not exceed 20 percent of the maximum upstream 
pressure or 200 psi (1380 kPa), whichever is less. Valves with special trim may be 
designed for applications exceeding these differential pressure limits. 


Types of Globe Valves 


Tee Pattern globe valves have the lowest coefficient of flow and higher pressure 
drop. They are used in severe throttling services, such as in bypass lines around a 
control valve. Tee-pattern globe valves may also be used in applications where 
pressure drop is not a concern and throttling is required. Refer to Fig. A10.11. 

Wye Pattern globe valves, among globe valves, offer the least resistance to 
flow. They can be cracked open for long periods without severe erosion. They are 
extensively used for throttling during seasonal or startup operations. They can be 
rod through to remove debris when used in drain lines that are normally closed. 
Refer to Fig. A10.9. 

Angle Pattern globe valves turns the flow direction by 90 degrees without the 
use of an elbow and one extra weld. They have a slightly lower coefficient of flow 
than wye-pattern globe valves. They are used in applications that have periods of 
pulsating flow because of their capability to handle the slugging effect of this type 
of flow. Refer to Fig. A10.10. 


Construction of a Globe Valve 


A typical large globe valve with flanged ends is illustrated in Fig. A10.11, and a 
large wye-pattern globe is illustrated in Fig. A10.9. Globe valves usually have 
rising stems, and the larger sizes are of the outside screw-and-yoke construction. 
Components of the globe valve are similar to those of the gate valve. This type of 
valve has seats in a plane parallel or inclined to the line of flow. 

Maintenance of globe valves is relatively easy, as the discs and seats are readily 
refurbished or replaced. This makes globe valves particularly suitable for services 
which require frequent valve maintenance. Where valves are operated manually, 
the shorter disc travel offers advantages in saving operator time, especially if the 
valves are adjusted frequently. 
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The principal variation in globe-valve design is in the types of discs employed. 
Plug-type discs have a long, tapered configuration with a wide bearing surface. This 
type of seat provides maximum resistance to the erosive action of the fluid stream. 
In the composition disc, the disc has a flat face that is pressed against the seat 
opening like a cap. This type of seat arrangement is not as suitable for high differen- 
tial pressure throttling. 

The conventional disc, in contrast to the plug type, provides a thin contact 
between the taper of the conventional seat and the face of the disc. This narrow 
contact area tends to break down hard deposits that may form on the seats and 
facilitates pressure-tight closure. This arrangement allows for good seating and 
moderate throttling. 

In cast-iron globe valves, disc and seat rings are usually made of bronze. In 
steel-globe valves for temperature up to 750°F (399°C), the trim is generally made 
of stainless steel and so provides resistance to seizing and galling. The mating 
faces are normally heat-treated to obtain differential hardness values. Other trim 
materials, including cobalt-based alloys, are also used. 

The seating surface is ground to ensure full-bearing surface contact when the 
valve is closed. For lower pressure classes, alignment is maintained by a long disc 
locknut. For higher pressures, disc guides are cast into the valve body. The disc 
turns freely on the stem to prevent galling of the disc face and seat ring. The stem 
bears against a hardened thrust plate, eliminating galling of the stem and disc at 
the point of contact. 


Advantages of a Globe Valve 
The following summarizes the advantages of globe valves: 


. Good shutoff capability 

. Moderate to good throttling capability 

. Shorter stroke (compared to a gate valve) 

. Available in tee, wye, and angle patterns, each offering unique capabilities 
. Easy to machine or resurface the seats 
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. With disc not attached to the stem, valve can be used as a stop-check valve. 


Disadvantages of a Globe Valve 
The following are some shortcomings inherent in globe valves: 


1. Higher pressure drop (compared to a gate valve) 


2. Requires greater force or a larger actuator to seat the valve (with pressure under 
the seat) 


3. Throttling flow under the seat and shutoff flow over the seat 


Typical Applications of Globe Valves 
The following are some of the typical applications of globe valves: 


1. Cooling water systems where flow needs to be regulated 
2. Fuel oil system where flow is regulated and leaktightness is of importance. 
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3. High-point vents and low-point 
drains when leaktightness and safety 
are major considerations. 


SN 


4. Feedwater, chemical feed, condenser 
air extraction, and extraction drain 
systems. 


5. Boiler vents and drains, main steam 
vents and drains, and heater drains. 


6. Turbine seals and drains. 
7. 'Turbine lube oil system and others. 


Needle Valves 


Needle valves generally are used for in- 
strument, gauge, and meter line service. 
Very accurate throttling is possible with 
needle valves and, therefore, they are 
extensively used in applications that in- 
volve high pressures and/or high temper- 
atures. In needle valves (Fig. A10.12), 
the end of the stem is needle point. 


FIGURE A10.12 Needle valve for accurate 


throttling of flow. 
Check Valves 


Check valves are designed to pass flow in 

one direction with minimum resistance 

and to prevent reverse or backflow with minimal leakage. The principal types of 
check valves used are the tee-pattern lift check, the swing check, the tilting-disc 
check, the wye-pattern lift check, and the ball check, illustrated in Figs. A10.13 to 
A10.17, respectively. 
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Union cap ring 
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FIGURE A10.13 Lift check valve. 
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FIGURE A10.14 Swing check valve. 


Construction of a Check Valve 


A basic check valve consists of a valve body, bonnet or cover, and a disc which is 
attached to a hinge and swings away from the valve seat to allow fluid to flow in 
the forward direction, as in a swing- or tilting-disc check valve, and returns to valve 
seat when upstream flow is stopped. Thus, reverse flow is prevented. In folding- 
disc check valves, the disc consists of two halves attached in the middle. The two 
halves fold backward when upstream 
flow is initiated. Activated by a spring, Body LUI 
the two halves quickly close the flow EN M T 
path when upstream flow ceases. In the Een e 
case of lift-check valves, the disc is in i 
the form of a piston which is moved out 
of the flow path by upstream flow and 
returns to the valve seat by gravity to 
stop back flow. Ball-check valves have 
a disc in the form of a ball. FIGURE A10.15 Tilting-disc check valve. 
Check valves are available in sizes (Courtesy BTR Inc./Edward Valve) 
from NPS % (DN 6) through NPS 72 
(DN 1800). Other sizes may be made available to meet specific size requirements. 
Depending upon the design requirements of a piping system, a check valve may 
have butt welding, socket welding, threaded, or flanged ends. 


Advantages of Check Valves 


They are self-actuated and require no external means to actuate the valve either 
to open or close. They are fast acting. 


Disadvantages of Check Valves 
The following are some of the disadvantages that are attributed to check valves: 


1. Since all moving parts are enclosed, it is difficult to determine whether the valve 
is open or closed. Furthermore, the condition of internal parts cannot be assessed. 
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FIGURE A10.16  Wye-pattern lift check valve. (Courtesy, BTR Inc./ 
Edward Valve) 


2. Each type of check valve has limitations on its installation configurations. 
3. Valve disc can stick in open position. 


Types of Check Valves 


There are several types of check valves having varying body configurations. The 
following are some commonly used types of check valves: 


Swing Check Valve. In swing check valves, the disc is unguided when it moves 
to fully open position or to fully closed position. Many different disc and seat 
designs are available to satisfy requirements of varying applications. Soft-seated— 
swing check valves provide improved 
leaktightness compared to metal-to- 
metal seating surfaces. Combination 
seats consisting of a metal seat ring with 
resilient insert also offer better leaktight 
characteristics. The seating angle, the 
angle between the seat and the vertical 
plane, may vary from 0 to 45 degrees. 
Vertical seats have a 0? angle. Larger 
seat angles reduce the disc travel, re- 
sulting in quick closing, thus minimizing 
the possibility of water hammer. Usually 
the seat angles are in the range of 5 to 
7 degrees. 


Lift Check Valve. Lift check valves are 
particularly adapted for high-pressure 
service where velocity of flow is high. 
In lift check valves, the piston disc is FIGURE A10.17 Ball check valve. 
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accurately guided by long contact and a close sliding fit with the perfectly centered 
dash pot. The walls of the piston and dash pot are of approximately equal thickness. 
Large steam jackets are located outside of the dash pot and inside the piston to 
eliminate sticking because of differential expansion. The seat ring is of a barrel- 
type design of heavy uniform cross-section. It is normally screwed in and seal 
welded. The flow opening is full port size. Refer to Figs. A10.13 and A10.16. 

The seat design of a lift-check valve is similar to a globe valve. The disc is usually 
in the form of a piston or a ball. The ball-lift check valves are used in highly viscous 
fluid service. These valves have superior leaktight characteristics to those of swing- 
check valves. 

The piston type lift check valves have a tendency to stick in the open position 
when service fluid has sediment trapped above the piston. Large lift check valves 
are furnished with an equalizer line between the chamber above the disc and the 
downstream side of the valve. 


Tilting Disc Check Valve. The tilting-disc check valve is designed to overcome 
some of the weaknesses inherent in conventional swing check valves. A combination 
of design features enables the valve to open fully and remain steady at lower flow 
velocities and to close quickly upon cessation of forward flow. The dome-shaped 
disc floats in the flow with fluid on both bottom and top of its surfaces, thus it has 
minimum dashpot effect. It performs well in pulsating, turbulent, and high-velocity 
flows. These attributes prolong the valve's lift and reduce flow-induced dynamic 
loads on the piping system. Refer to Fig. A10.15. 


Folding Disc Check Valves. This valve is also referred to as double-disc or split- 
disc check valve. Refer to Fig. A10.18. It is manufactured in wafer-body pattern 
and is available with soft or hard seats. It is very popular in low-pressure liquid 
and gaseous services. Its lightweight compact construction makes it a preferable 
check valve when space and convenience are important. 


Vertical or In-Line Check Valve. These valves are available in two configurations: 
in-line ball check and fully guided disc with soft or hard seats. In-line ball check 
valves can be used in both vertical and horizontal lines. The fully guided disc in- 
line check valves must be provided with a spring-assist closure when used in hori- 
zontal lines. In vertical lines, the guided disc in-line check valves may or may not 
be provided with spring-assist closure. The spring-assist closure not only assists in 
closing the valve quickly, it minimizes the possibility of water hammer by preventing 
flow reversal. 

They can be used in applications having pulsating flows, such as in a discharge 
line of a reciprocating compressor. Because they are compact in size, they are ideal 
for application in tight spaces. 


Stop Check Valve. A stop check valve can either be used as a unidirectional check 
valve or as an isolation (stop) valve like a gate or globe valve. During normal 
operation of a system, these valves are used as a regular check valve; however, 
when needed, these valves can be closed with the help of a screw-down stem which 
is not fastened to the valve disc. The stem, when fully screwed down, holds the 
free-floating disc against the valve seat, just as in a gate or a globe valve. These 
valves are available in tee-pattern, wye-pattern, angle-pattern, and inclined pattern. 
The swing-and-piston lift-disc design check valves are commonly used as stop check 
valves. Refer to Figs. A10.19a and A10.19b. 
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FIGURE A10.18  Folding-disc check valve. 
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FIGURE A10.19a  Swing-disc stop check. 
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FIGURE A10.19b Wye-pattern stop check. 


Application Considerations 


The force of gravity plays an important role in the functioning of a check valve 
and, therefore, the location and orientation of the check valve must always be given 
consideration. Lift and ball check valves must always be placed so that the direction 
of lift is vertical. Swing checks must be located to ensure that the disc will always 
be closed freely and positively by gravity. 

The flow velocity of the fluid through the valve has a significant effect on the 
life of the check valve. The valve should be sized such that the fluid velocity under 
normal conditions is sufficient to keep the disc fully open and pressed against the 
stop. This minimizes disc fluttering, which is the primary cause of valve failure. 

Also, a check valve should not be located immediately downstream of a source 
of turbulence, such as a pump, elbow, control valve, or a tee-branch connection. 
It is recommended that manufacturer's recommendations be followed to provide 
the required straight run of pipe upstream of the check valve. Some manufacturers 
recommend 8-to-10 pipe-diameter length of straight run of pipe upstream of the 
valve. Sometimes, the layout and the space available may not allow compliance to 
manufacturer's recommendations. Alternatives must be evaluated and the most 
reasonable and feasible approach be implemented. 

A swing check valve may be used in the vertical run of a pipe only when the 
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TABLE A10.9 Application of Check Valves 


Type flow 


PIPING FUNDAMENTALS 


Media type 


Velocity 
range 
FPS (m/s) 


Recommended 
check valve type 


Uniform with 
insignificant 
reversal 


Water or oil 


1to6 
(0.3 to 2) 


Swing check w/ 
lever and ctr wt. 


Steam, water, gas 


7 to 100 
(2 to 30) 


Simple swing 


Uniform 


Water or oil 


5 to 10 max 
(1.5 to 3) 


In-line guided disc 


Pulsating 


Air or gas 


5 to 10 max 
(1.5 to 3) 


In-line guided disc 
with cushion chamber 


Uniform with 
normal reversal 


Water or oil 


7 to 10 
(2 to 3) 


Swing with 
spring assist to close 


Uniform with 
severe reversal 


Water or oil 


7 to 10 
(2 to 3) 


Swing with dashpot 


Uniform or 
pulsating 


Steam, water or 
gas 


8 to 160 
(2.5 to 50) 


Tee- or inclined- 
pattern lift 


Uniform or 
pulsating 
(severe reversal) 


Steam, water or 
gas 


10 to 160 
(3 to 50) 


Tee-pattern lift 
with dashpot 


Uniform 


Steam, water or 
gas 


12 to 250 
(4 to 75) 


Tilting disc 


Uniform or 
pulsating 


Steam, water, 
gas, oil 


20 to 250 
(6 to 75) 


Wye-pattern lift 


Uniform or 
pulsating 
(severe reversal) 


Wye-pattern lift 
with dashpot 


flow is upward. In addition, the flow velocity and the fluid pressure must be adequate 
to overcome the disc weight and swing it to the fully open position. In-line ball 
check valves are suitable for application in horizontal or vertical lines. 

When the flow is suspected to be pulsating and low, use of a swing check valve 
is not recommended. Due to the continuous flapping of the swing disc against the 
seat, valves suffer considerable damage, and at times the swing discs can come loose. 

Table A10.9 summarizes preliminary application guidelines for selection of a 
suitable type of check valve. The user must evaluate specific application features 
to determine the right valve for the application. 


Typical Applications of Check Valves. Table A10.9 provides a brief summary 
of different types of check valves and their typical applications. The preliminary 
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guidelines of this table may be used to determine the suitable check valve for an 
application, considering the specifics of the application. 


Ball Valves 


The ball valve (Fig. A10.20) is a quarter-turn valve suitable for clean gas, compressed 
air, and liquid service. They also can be used for slurry service, but provisions for 


Stem 


Seat ring 


up 
EA 


FIGURE A10.20 Ball valve in closed position. 


prevention of crud buildup must be made. The use of soft-seat materials such as 
nylon, delrin, synthetic rubbers, and fluorinated polymers imparts excellent sealing 
ability. With fluorinated polymer seats, ball valves can be used for service tempera- 
tures ranging from —450 to 500°F (—270? to 260°C); with graphite seats, service 
temperatures to 1000°F (538°C) or even higher are possible. Also, with metal- 
backing seats, the valves can be used in fire-safe services. Ball valves are similar 
to plug valves in operation. They are nonbinding and provide leak-tight closure. The 
valves exhibit negligible resistance to flow because of their smooth body and port. 


Construction of a Ball Valve 


Major components of the ball valve are the body, spherical plug, and seats. Ball 
valves are made in three general patterns: venturi port, full port, and reduced port. 
The full-port valve has an inside diameter equal to the inside diameter of the pipe. 
In the venturi and reduced-port styles, the port is generally one pipe size smaller 
than the line size. Stem sealing is accomplished by bolted packing glands and 
O-ring seals. Valves are also available with a lubricant-seal system that is similar 
to that available for plug valves. A typical lubrication system is illustrated in Fig. 
A10.21. 

A ball valve may be unidirectional, bidirectional, or multidirectional, depending 
on the number of valve ports and the number of valve seats. Therefore, ball valves 
are referred to as 2-way, 3-way, 4-way, or 5-way multiport valves. A 2-way ball 
valve with a single seat will be unidirectional with the flow direction indicated. 
Even a 3-way, 4-way, or 5-way ball valve can be unidirectional when flow must 
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FIGURE A10.21 Lubricant-seal system in a ball valve. 


enter through a designated port. A 2-way ball valve provided with two seats, one 
on the upstream side and the other on the downstream side of the ball, is termed 
a bidirectional valve. Multiple-port ball valves permit flows in more than one direc- 
tion, thus eliminating the need for several valves. 

Ball valves are manufactured in several different body configurations: top entry, 
side entry, split body, and three-piece body. The valve ends are available as butt- 
welding, socket welding, flanged, threaded, soldering, or brazing ends. 

Ball valves are manufactured in high- and low-pressure classifications. The ad- 
vances in ball valve designs have made it possible to use these valves in high- 
pressure and high-temperature applications. 


Types of Ball Valves 
The following provides a brief description of types of ball valves: 


Split-Body Ball Valve. The split body design consists of a two-part body, a cover, 
ball, seat rings, stem, and other internals. The two-part body is held together by a 
flange connection. One body part is smaller than the other. The ball is inserted in 
the larger body part, and the smaller body part is assembled by a bolted connection. 
The stuffing box is constructed integral with the larger body part. On smaller size 
split-body ball valves, the two-part body is joined by threaded connection. The 
flanged or threaded joint between the two-part body is an added source of poten- 
tial leakage. 

Flanged end connections are commonly available on all sizes; however, they are 
standard for large size valves. NPS 2 (DN 50) and smaller split-body ball valves 
are furnished with screwed ends. The split-body ball valves are manufactured in 
sizes ranging from NPS Y? (DN 15) through NPS 36 (DN 900). Refer to Fig. A10.22. 


Top-Entry Ball Valve. Top-entry ball valves allow access to valve internals for 
assembly, disassembly, repair, or maintenance by removal of the valve bonnet-cover. 
The valve is not required to be removed from the pipeline. Refer to Fig. A10.23. 


End-Entry Ball Valve. End-entry ball valves have a single-piece body. The ball 
is inserted from one end and is retained by an insert. These valves have flange- or 
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FIGURE A10.22 Ball valves, split body, regular port, flanged ends. (Courtesy of Velan.) 


MATERIAL LIST 


PART] DESCRIPTION JOT 
1 [BODY 1 
3 |BODY END 1 
4 [STEM I 
SA [BALL 1 
58 |GROUNDING BALL | 1 
$ | THRUST WASHER 1 
7 |STEM BUSHING 1 
9 [SEAT 2 
1i |PACKING FLANGE | 1 
12 |GLAND BUSHING L 
13 |PACKING RING 3 
15A | STUD = 
158 [STUD El 
18A | NUT = 
168 [NUT 2 
18 |GLAND BSHG SLV 1 
19 Y SEAL 1 

30 [HANDLE NUT i 

33 |HANDLE 1 
46A | SPRING 1 
468 | SPRING 1 

48 |STOP PIN 2 

49 {STOP PLATE 1 

57 |WASHER 1 

63 |PACKING WASHER | 2 
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30 |HANDLE NUT 

31 {LOCK PLATE 

33 |HANDLE 

46 {SPRING 

48 |STOP PIN 

49 |STOP PLATE 

56 | SCREW 

PACKING WASHER 


1 [BODY 1 
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4 [STEM 1 
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6 [THRUST WASHER | 1 
7 [STEM BUSHING 1 
8 [SEAT 2 
11 ]PACKING FLANGE | | 
12 |GLAND BUSHING |1 
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TOP VIEM 19 |BONNET SEAL 1 
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FIGURE A10.23 
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Ball valves, top entry, regular port, socket weld ends. (Courtesy of Velan.) 
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screwed-end connections. This design is commonly used for inexpensive small valves. 
They are also available in larger sizes up to NPS 6 (DN 150). 


Three-Piece—Body Ball Valve. The middle part of the valve is the major part 
that holds all valve internals, and the stem passes through a hole in the top. Two 
end caps are held together with the middle body by bolts or studs and nuts. The 
end connections are part of the end caps, and they may be butt-welding, socket- 
welding, threaded, or flanged. This design is available in sizes ranging from NPS 
16 (DN 15) through NPS 36 (DN 900). The two end cap joints are two additional 
sources of potential leakage. 


Double Trunnion Ball Valves. In this ball-valve design, the ball is provided with 
two integral short-shaft extensions called the top and the bottom trunnions. These 
trunnions are fitted in bearings and rotate freely when the shaft installed in the top 
trunnion is turned to open or close the valve. The ball is held firmly in place, unlike 
the ball in other designs where the ball is supported by the two seat rings and is 
allowed to float in the direction of the slot on top of the ball. A shaft installed in 
the top slot is turned to open or close the valve. 

The trunnion-mounted ball-valve design is used with split-body large size valves, 
whereas the floating-ball design is the most common design for all other types 
of ball valves. The torque required to actuate a trunnion-mounted ball valve is 
substantially smaller than the torque required for a floating-ball design. 


Lubricated or Nonlubricated Ball Valves. Like other valves, the stem sealing is 
usually accomplished by bolted packing glands and O-ring seals. Some valve designs 
are available with a lubricant-seal system similar to the one used in plug valves. 
Such a design is shown in Fig. A10.21. The valves with lubrication seal systems are 
termed lubricated ball valves, while others are called nonlubricated. 


Advantages of Ball Valves 


The following are the advantages of ball valves: 


. Provides bubble-tight service. 
. Quick to open and close. 
. Smaller in size than a gate valve. 


. Lighter in weight than a gate valve. 
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. Multiport design offers versatility not available with gate or globe valves. It 
reduces the number of valves required. 


6. Several designs of ball valves offer flexibility of selection. 
7. Can be used in clean and slurry applications. 


8. High-quality ball valves provide reliable service in high-pressure and high-tem- 
perature applications. 


9. Force required to actuate the valve is smaller than that required for a gate or 
a globe valve. 
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Disadvantages of Ball Valves 


1. They are not suitable for sustained throttling applications. 


2. In slurry or other applications, the suspended particles can settle and become 
trapped in body cavities causing wear, leakage, or valve failure. 


Typical Applications of Ball Valves 
The following are some typical applications of ball valves: 


1. Air, gaseous, and liquid applications requiring bubble-tight service 

. Low-point drains and high-point vents in liquid, gaseous, and other fluid services 
. Instrument root valves 

. Cooling water and feedwater systems 
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. Steam service 


Plug Valves 


Plug valves, also called cocks, generally are used for the same full-flow service as 
gate valves, where quick shutoff is required. They are used for steam, water, oil, 
gas, and chemical liquid service. Plug valves are not generally designed for the 
regulation of flow. Nevertheless, in some applications, specially designed plugs are 
used for this purpose, particularly for gas-flow throttling. 

Plug valves generally can be readily repaired or cleaned without necessitating 
removal of the body from the piping system. They are available for pressure service 
from vacuum to 10000 psi (69000 kPa) and temperatures from —50 to 1500?F (—46 
to 816°C). Also, plug valves are available with a wide variety of linings suitable for 
many chemical service applications. 


Construction of a Plug Valve 


The basic design of plug valves is illustrated in Fig. A10.24. Full flow is obtained 
when the opening in the tapered plug is aligned in the direction of flow. When the 
plug is rotated a quarter turn, flow is terminated. The body and tapered plug 
represent the essential features in plug valves. Careful design of the internal contours 
of the valve produces maximum flow efficiency. The port in the tapered plug is 
generally rectangular. However, valves are also available with round ports. Major 
valve patterns or types are identified as regular, venturi, short, round-port, and 
multiport. 

Plugs are usually tapered downward, while in some cases they are tapered 
upward. Most of the plug valves are top entry. In top-entry plug valves, the tapered 
plug is installed from the top of the valve. In some cases the plug is tapered upwards 
and is installed from the bottom opening in the valve body. Such a plug is called 
bottom entry or inverted plug valve. 

Plug valves are also available with cylindrical plugs. The cylindrical plugs provide 
for larger port openings equal to or greater than the pipe flow area. 

The regular pattern employs the tapered form of port openings, the area of 
which is from 70 to 100 percent of the internal pipe area. In some cases, the face- 
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FIGURE A10.24 Plug valve with lubricant system, as specified 
in API Standard 600. 


to-face lengths are greater than those of standard gate valves. The venturi pattern 
provides streamlined flow and thus permits reduction in the port size. The port 
opening area is approximately 40 to 50 percent of the internal pipe area. In most 
of the plug valves, the port opening varies from 60 to 70 percent of the pipe area. 
The round-port full-bore pattern has a circular port through the plug and body 
equalto or greater than the inside diameter ofthe pipe or fitting. Operating efficiency 
is equal to or greater than that of gate valves of the same size. 

Use of multiport valves is advantageous in many installations because it provides 
simplification of piping and convenience in operation. One three-way or four-way 
multiport valve may be used in place of two, three, or four straightway valves. 
Refer to Fig. A10.25. 


Three- way, Three- way, Four - way, 
Two-port Three-port Four -port 


FIGURE A10.25 Multiport valves: (a) three-way, two-port; (b) three-way, three- 
port; (c) four-way, four-port. 
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Types of Plug Valves 


The following describes salient features of different types of plug valves: 


Lubricated Plug Valves. The plug in a lubricated plug valve is provided with a 
cavity in the middle along its axis. This cavity is closed at the bottom and fitted 
with a sealant-injection fitting at the top. The sealant is injected into the cavity, 
and a check valve below the injection fitting prevents the sealant from flowing in 
the reverse direction. The sealant oozes out from the center cavity through radial 
holes into lubricant grooves that extend along the length of the seating surface of 
the plug. The sealant or the lubricant performs the following functions: 


1. Establishes a renewable seal between the plug and the body. As a result, internal 
leakage is prevented or minimized. 


2. Protects the seating surfaces against corrosion. 
3. Acts as a lubricant, thus reducing the force required to open or close the valve. 


The lubricant pressure developed by a turn of the lubricant screw or injection 
of lubricant with a pressure gun exerts a powerful hydraulic jacking action on the 
plug, momentarily lifting it from the seat and making it easy to turn. Since the 
lubricant pressure is greater than the line pressure, it is virtually impossible for 
solids to lodge between the valve body and plug. 

The type of sealant to be used must be compatible with the flow medium in the 
pipe. The sealant must not dissolve or be washed away by the flow medium. The 
washed-away or dissolved sealant could contaminate the fluid, and the seal between 
the plug and the body would be destroyed, resulting in leakage. In addition, the 
sealant used must be able to withstand the flow-medium temperature. 

Lubricated plug valves are normally manufactured in sizes ranging from NPS 
15 through 36 (DN 15 through 900). They can be used in applications with pressures 
over 2500 psi (17250 kPa). They have been used in services involving air, gases, 
acids, alkalis, water, steam, oils, fuels, among others. Lubricated plug valves are 
less subject to seizing or wear and may exhibit somewhat greater resistance to 
corrosion in some service environments. 


Nonlubricated Plug Valves. Nonlubricated plug valves contain an elastomeric 
body liner or a sleeve, which is installed in the body cavity. The tapered and polished 
plug acts like a wedge and presses the sleeve against the body. Thus, the nonmetallic 
sleeve reduces the friction between the plug and the body. 

Nonlubricating plug valves are used where maintenance must be kept to a 
minimum. Like lubricating plug valves, these valves also provide a bubble-tight 
closure and are of compact size. 


Lubricants 


The word lubricant does not precisely define the part this material plays in the 
efficient functioning of lubricated plug valves. More properly such valves might be 
called plastic sealed valves, and the lubricant could better be designated plastic 
sealant. The use of an effective lubricant is important, as, in operation, the valve 
structure and plastic scaling film are an integral unit, and each component is depen- 
dent on the other for ultimate performance. 

The lubricant in effect becomes a structural part of the valve, as it provides a 
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flexible and renewable seat. This eliminates the necessity of force fits and metal- 
to-metal distortable-seat contacts to effect a seal. For this purpose, the lubricant 
must exhibit proper elasticity as well as resistance to solvents and chemicals to 
avoid the destructive action of the line fluid and to form an impervious seal around 
each body port, even under pressure. The film of lubricant also protects the metal 
surfaces between the plug and body from corrosion. The seal formed by the lubricant 
transmitted in a system of lubricant grooves circuiting each port aids in maintaining 
the essential film on the metal, closure surfaces. 


Advantages of Plug Valves 
The following summarizes the advantages of plug valves: 


1. Simple design with few parts. 

. Quick to open or close. 

. Can be serviced in place. 

. Offers minimal resistance to flow. 
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. Provides reliable leaktight service. Seal can be maintained by injection of sealant 
or by replacement of sleeve, in addition to utilizing the wedging action of a 
tapered plug. 

6. Multiple port design helps reduce number of valves needed and permits change 

in flow direction. 


Disadvantages of Plug Valves 
The disadvantages include: 


1. Requires greater force to actuate, due to high friction. 

2. NPS 4 (DN 100) and larger valves require use of actuators. 
3. Reduced port, due to tapered plug. 

4. Typically, plug valves may cost more than ball valves. 


Typical Applications of Plug Valves 


As indicated earlier, the plug valves can be and have been used in many different 
fluid services. They perform well in slurry applications. They are primarily used in 
bubble-tight services as on-off stop valves. The wiping-off action of a plug does 
not permit suspended particles to accumulate and form crud. The following are 
some typical applications of plug valves: 


1. Air, gaseous, and vapor services 

. Natural gas piping systems 

. Coal slurries, mineral ores, mud, and sewage applications 
. Oil piping systems 
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. Vacuum to high-pressure applications 
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Diaphragm Valves 


All diaphragm valves are bidirectional. They can be used as on-off and throttling 
valves. Diaphragm valves offer advantages in certain low-pressure applications not 
possible with other types of valves. Their fluid passages are smooth and streamlined, 
minimizing pressure drop. They are suitable for moderate throttling applications, 
and they exhibit excellent leak-tight characteristics, even when conveying liquids 
containing suspended solids. The fluid stream is isolated from the working parts of 
the valve, preventing contamination of the fluid and corrosion of the operating 
mechanism. Since there is no leak path around the valve stem, the valve is virtually 
leak tight. This feature makes the valve indispensable where leakage into or out 
of the system cannot be tolerated. 

The maximum pressure that these valves can be subjected to is a function of 
the diaphragm material and the service temperature. Also, the rated design life of 
the valve is influenced by the service conditions. Furthermore, the system hydrostatic 
test pressure must not exceed the maximum pressure rating of the diaphragm. 


Construction of a Diaphragm Valve 


Diaphragm valves (Fig. A10.26) consist of a rigid body formed with a weir placed 
in the flow path, a flexible diaphragm which forms the upper pressure boundary 


FIGURE A10.26 Sketch of a weir-type of diaphragm valve in 
open and closed positions. 


of the valve, a compressor which is used to force the diaphragm against the weir, 
and the bonnet and handwheel which secure the diaphragm to the body and actuate 
the compressor. 

Diaphragm valves are manufactured in a variety of end connections: welding- 
end socket or butt welding; flanged, screwed, or threaded; clamp ends or grooved 
ends; solvent cement joint ends for themoplastic valves; and male sanitary 
threaded ends. 

The valve body is available in two patterns: tee-pattern and angle pattern. 

Diaphragm valves are available in a wide choice of body, diaphragm, and lining 
materials that are suitable for service with a wide variety of chemicals. For severe 
corrosive applications, diaphragm valves are made of stainless steel or PVC plastics, 
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TABLE A10.10 Typical Materials Used for Diaphragms 
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Temp, °F (°C) 
Valve 
type Service Material Min Max 
Conventional | Abrasive Soft natural rubber —30(—-34) | 180 (82) 
weir Water Natural rubber —30 (—34) | 180 (82) 
Food and beverage White natural rubber 0(—18) | 160 (71) 
Weak chemical, air, oil Neoprene —30(—34) | 200 (93) 
Weak chemical, high vacuum Reinforced Neoprene —30 (—34) 200 (93) 
Other chemicals, gases Black chlorinated butyl —20 (—29) | 250 (121) 
Food and beverage White chlorinated butyl | —10(—23) | 225 (107) 
Special for hydrogen peroxide Clear Tygon 0 (-18) | 150 (66) 
Oils and gasoline Hycar (gen. purpose) 10 (—12) | 180 (82) 
Oxidizing services Hypalon 0(—18) | 225 (107) 
Brewery services Pure gum rubber —30 (-34) | 160 (71) 
Special service on temperature | Silicone 50 (10) | 350 (177) 
Radioactive conditions G.R.S. —10 (—23) | 225 (107) 
Severe chemicals, solvents Teflon —30 (—34) | 325 (163) 
Severe chemicals Kel-F 60 (16) | 250 (121) 
Specific acids Polyethylene 10 (—12) | 135 (57) 
Full Cold beer White rubber —30 (-34) | 160 (71) 
flow Hot wort and cold beer White chlorinated butyl | —10(—23) | 225 (107) 
Cold beer Pure gum rubber —30 (-34) | 160 (71) 
Straightway Water Natural rubber —30(—-34) | 180 (82) 
Chemical, air, oil Neoprene 0(—18) | 180 (82) 
Oils and gasoline Hycar (gen. purpose) 10 (—23) | 180 (82) 
Fatty acids Black chlorinated butyl 0(—18) | 225 (107) 
Oxidizing services Hypalon 0(—18) | 200 (93) 
Food and beverage White chlorinated butyl | —10(—23) | 200 (93) 


or they are lined with glass, rubber, lead, plastics, titanium, or still other materials. 
Some of the common materials used for diaphragms are listed in Table A10.10. 

Adjustable travel stops are used to prevent excessive compression of the dia- 
phragm. The adjustable travel stop can be enclosed in a temper-proof housing. The 
temper-proof housing prevents inadvertent mishandling after the travel length is 
set. It requires a special tool to open the housing and to make an adjustment in 
the travel length. 

When an actuator is required, it should be sized and tested by the valve manufac- 
turer and furnished with the valve as an assembled unit with settings made and 
verified in the shop. 


Types of Diaphragm Valves 


Primarily there are two basic designs of diaphragm valves: weir and straight-through 
types. The body interior and the end flanges can be lined to make the diaphragm 
valves suitable for corrosive applications. Various lining materials can be used, 
depending upon the application. 
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Weir-Type Diaphragm Valves. As 
shown in Fig. A10.26, a weir is provided 
as an integral part of the valve body. The 
weir acts as the valve seat against which 
the diaphragm is compressed to stop the 
flow. This type of diaphragm valve is 
generally produced in large sizes. The 
raised weir reduces the amount of dia- 
phragm travel from the fully open to the 
fully closed position, thus reducing the 
amount of stress and strain in the dia- 
phragm. 


Straight-Through Diaphragm Valves. 
Variations of the weir diaphragm valve 
are the straightway (Fig. A10.27) and the 
full-bore types (Fig. A10.28). When the 
straightway valve is open, its diaphragm 
lifts high for full streamline flow in either 
direction. When the valve is closed, the 
diaphragm seals tight for positive closure 
even with gritty or fibrous materials in 
the line. 
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FIGURE . A10.27 Straightway-type dia- 
phragm valve. 


The full-bore type of valve is most extensively used in the beverage industry. It 
permits ball-brush cleaning with either steam or caustic soda, without opening or 


removing the valve from the line. 


Advantages of Diaphragm Valves 


The following summarizes some distinct advantages of diaphragm valves: 


. Can be used as on-off and throttling service valves. 


. Offer good chemical resistance due to variety of linings available. 


1 

2 

3. Stem leakage is eliminated. 
4. Provides bubble-tight service. 
5 


. Does not have pockets to trap solids, 
slurries, and other impurities. It is 
suitable for slurries and viscous fluids. 


6. These valves are particularly suitable 
for hazardous chemicals and radioac- 
tive fluids. 


7. 'These valves do not permit contami- 
nation of flow medium, thus they are 
used extensively in food processing, 
pharmaceutical, brewing, and other 
applications which cannot tolerate 
any contamination. 


FIGURE 4A10.28 Full-bore-type diaphragm 
valve illustrating passage of ball-brush cleaner 
through valve. 
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Disadvantages of Diaphragm Valves 


1. The weir may prevent full drainage of piping. 


2. Working temperatures and pressures are limited by the diaphragm material. 
Generally the pressures are limited to 200 psi (1380 kPa) and temperatures up 
to 400°F (204°C). 

3. The diaphragm may also limit the hydrostatic pressure. 


4. The diaphragm may experience erosion when used extensively in severe throttling 
service containing impurities. 


5. Diaphragm valves are available in limited sizes, usually NPS % to 12 (DN 15 
to 300). 


Typical Applications of Diaphragm Valves 


. Clean or dirty water and air service applications 
. Demineralized water systems 

. Corrosive applications 

. Radwaste systems in nuclear facilities 

. Vacuum service 


Nn Ss WN = 


. Food processing, pharmaceutical, and brewing systems 


Butterfly Valves 


Butterfly valves are used to control and regulate or throttle the flow. They are 
characterized by fast operation and low-pressure drop. They require only a quarter- 
turn from closed to full-open position. A typical flanged butterfly valve is illustrated 
in Fig. A10.29. Butterfly valves are produced in sizes ranging from NPS 14% (DN 
40) to over NPS 200 (DN 5000). They are usually manufactured in flanged, wafer, 
and lug, or single-flange-type designs. The welding-end style is a specially engineered 
valve for a specific application. Threaded-end, grooved-end, and shouldered-end 
butterfly valves are also available to satisfy the joint type selected for the piping 
system. Butterfly valves are produced with metal-to-metal seats, soft seats, and with 
fully lined body and disc. The soft seats permit bubble-tight shutoff and the full 
lining enhances erosion and corrosion resistance. 

Butterfly valves are suitable for low-pressure and low-temperature applications 
as well as high-pressure and high-temperature applications. The term high-perfor- 
mance butterfly valve is intended to signify their suitability for moderate- to high- 
pressure and temperature services. 

The butterfly valves have a low-pressure drop and high-pressure recovery factor. 
They are suitable for low-pressure drop applications. These valves are extensively 
used in large water transmission, distribution, and cooling water lines. 


Construction of a Butterfly Valve 


A butterfly valve has a short circular body, a round disc, shaft, metal-to-metal or 
soft seats, top and bottom shaft bearings, and the stuffing box. The valve body may 
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FIGURE A10.29 Typical flanged-end butterfly 


valve. 


have flanged ends, lugs, or wafer style (Fig. A10.30) configurations to be installed 
between pipe flanges. The welding-end (Fig. A10.31) butterfly valves are usually 
large and have butt-welding ends. Sometimes butterfly valves are manufactured in 


rectangular or square configurations. 

The wafer-style butterfly valves are 
usually available in sizes NPS 12 (DN 
300) or smaller. The limitation on size 
is essentially imposed by the difficulty of 
holding the larger weight valve in place 
between the flanges. The lug and 
flanged-end butterfly valves are avail- 
able in all sizes and pose no problem in 
installation between flanges except for 
the normal problems associated with 
warped-flanged surfaces and uneven 
torquing of bolts. 


Types of Butterfly Valves 


Low Pressure or Concentric Butterfly 
Valves. In low pressure and low tem- 
perature designs of a butterfly valves, 
the disc and shaft axes are concentric. 
In open position, the disc divides the 


FIGURE A10.30 Wafer butterfly 


(Courtesy, Keystone International, Inc.) 


valve. 
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flow in two equal halves, with the disc 
in the middle and parallel to the flow. 
These valves are provided with resilient 
seats. These valves are available as 
lined or unlined. Most commonly used 
lining and seating materials include: 
Buna N, Neoprene, Fluorcel, Hypalon, 
EPDM, TFE, Viton, among others. The 
application temperature is limited by 
the temperature capability of the resil- 
ient material. These valves are gener- 
ally produced in Classes 150 and 
300. 


High-Performance or Eccentric Butter- 
fly Valves. The disc in high perfor- 
mance butterfly valves is offset from the 
center of the valve, and the shaft is also 
offset from the center of the disc. The 
offsets provided allow the disc to move 
eccentrically uninterrupted away from 
or toward the valve seat. Thus, the unin- 
terrupted motion of the disc until it seats 
against the valve seat prevents unwanted 
wear and tear of the valve seat and disc 
due to friction and rubbing of the seating 
surfaces. The high-performance butter- 
fly valves are used for on-off and throt- 
tling services. Some butterfly valve man- 
ufacturers produce high performance 
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Flanged end 


FIGURE A10.31 
on one end. 


Butterfly valve; welding end 


butterfly valves with triple offset, which enhances their actuation and leak- 


tightness. 


Advantages of Butterfly Valves 


The following summarizes the advantages of butterfly valves: 


1. The compact design requires considerably less space, compared to gate, globe, 


or other valves. 
2. Light in weight. 


3. Quick acting; as a quarter-turn valve, it requires less time to open or close. 
4. It is available in large sizes, ranging from NPS 1% (DN 40) to over NPS 200 


(DN 5000). 


5. They have low-pressure drop and high-pressure recovery. 


6. Provide bubble-tight service. 


Disadvantages of a Butterfly Valve 


1. Throttling service is limited to low differential pressure. 
2. Throttling is restricted to a 30- to 80-degree disc opening. Location of valve, 
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3. 
4. 


pipe routing, free, and closed discharge are to be considered while using a 
butterfly valve in a throttling application. 


Cavitation and choked flow are two potential concerns. 


The disc movement is unguided and affected by flow turbulence. 


Typical Applications of Butterfly Valves 


Concentric or low-pressure and low-temperature butterfly valves, the high-perfor- 
mance butterfly valves, cover a wide range of applications. These applications in- 
clude: 


Cooling water, air, gases, and other similar applications, such as fire protection, 
circulating water, et cetera 


Corrosive services requiring lined valves 

Food processing, chemical, and pharmaceutical services 
Slurry and similar services 

High-pressure and high-temperature water and steam services 


Throttling service involving low differential pressures, as in cooling water or air 
supply systems 


Vacuum service 


Application Considerations for Butterfly Valves 


1. 


It is noted that the disc of butterfly valve is unguided; therefore, operability of 
the valve is affected by the flow characteristics. A butterfly valve should not be 
located just downstream of a source of flow turbulence, such as pump-discharge 
nozzle, elbow, control valve, or a tee-branch. To minimize the effects of flow 
turbulence on the valve, attempts should be made to 


* Locate the valve 4 to 6 diameters downstream of the source of flow turbulence. 

* Orient the valve shaft in the same plane as the elbow or the pump outlet 
configuration. When there is more than one component on the upstream side 
of the valve, then the component adjacent to the valve is to be considered in 
determining the valve-shaft orientation. 


When used in throttling applications, an attempt must be made to provide an 
adequate straight length of pipe downstream of the valve to allow the flow 
turbulence to subsidize prior to diverting the flow. 


Butterfly valves are essentially bidirectional. In the case of high-performance 
butterfly valves, and sometimes in the case of low-pressure and low-temperature 
butterfly valves, the valve design may require more actuating torque to open or 
close the valve when the flow is reversed. In such cases, the valve manufacturer 
must be contacted to ensure that the valve is designed and the actuator is sized 
for flow in both directions. 
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PRESSURE-RELIEF DEVICES 


Safety Valves and Pressure-Relief Devices 


Safety valves and pressure-relief valves are automatic pressure-relieving devices 
used for overpressure protection of piping and equipment. Safety valves (Fig. 
410.32) are generally used in gas or vapor service because their opening and 
reseating characteristics are commensurate with the properties and potential hazards 
of compressible fluids. The valves protect the system by releasing excess pressure. 
Under normal pressure, the valve disc is held against the valve seat by a preloaded 
spring. As the system pressure increases, the force exerted by the fluid on the disc 
approaches the spring force. As the forces equalize, fluid begins to flow past the 
seat. The valve disc is designed in such a way that the escaping fluid exerts a lifting 
pressure over an increased disc surface area, thereby overcoming the spring force 
and enabling the valve to rapidly attain near-full lift. An added benefit to the safety- 
valve disc design is that the pressure at which the valve reseats is below the initial 
set pressure, thereby reducing the system pressure to a safe level prior to resealing. 
The ratio of the difference between the set pressure and the resealing pressure to 
the set pressure is referred to as the blowdown. 

Pressure-relief valves (Fig. A10.33) are used primarily in liquid service. These 
valves function in a way similar to safety-relief valves, except that as liquids do not 
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Nozzie FIGURE A10.33 Relief valve opens when line 
FIGURE A10.32 Safety valve. pressure exceeds preset loading on the spring. 
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expand, there is no additional lifting force on the disc and, therefore, the valve lift 
is proportional to the system pressure. Also, the valves reseat when the pressure 
is reduced below the set pressure. 

A third type of pressure-relieving valve is a safety-relief valve, which can be 
used with both compressible and incompressible fluids. It combines the design 
features of a safety- and a relief-valve into one. Therefore, when it is used with 
compressible fluids, such as steam or a gas, it pops open to release the overpressure, 
and when used with incompressible fluids, such as water or other liquids, it opens 
gradually, proportional to the increase in pressure over the set pressure, to safeguard 
the vessel, tank, heat exchanger, piping, or other equipment. 


ACTUATORS 


A brief discussion is provided to assist the user in understanding the considerations 
affecting the selection of the type of actuators required for an application. Manually 
actuated valves do not change position due to a change in the mode of system 
operation or an accident. As such, a manually operated valve remains in the last 
position it was placed in. Manually operated valves are usually furnished with a 
handwheel attached to the valve stem or yoke nut which is rotated clockwise or 
counter-clockwise to close or open a valve such as a gate or globe valve. Manually 
operated quarter-turn valves, such as a ball, plug, or butterfly valve, is provided 
with a lever to actuate the valve. There are applications in which the force required 
to actuate the valve is more than the force manually imparted through a handwheel 
or a lever. These applications include: 


* Large valves and valves required to be operated against high-fluid pressure 


* When the time required to open, close, throttle, or regulate the valve manually 
is longer than that required by system-design criteria 


* When the valve is required to be operated from a remote location 


* When the valve must attain a position (open or close) in the event of an accident 
or in a particular mode of system operation 


The valves to be furnished with an actuator utilizing external source(s) of energy, 
such as electricity, pneumatics, hydraulics, mechanical springs, or a combination of 
one or more of these energies, are called actuated valves. Upon failure of the external 
source of energy, a valve may not be in the required position for accomplishing 
the design function. One must be aware of failure modes prior to selecting a 
valve actuator. 


Failure Modes 


Fail-As-Is (FAI): The valve remains in its last position following upon an external 
power failure. 


Fail-Closed: The valve is provided with external source(s) of energy to place it in 
the closed position, regardless of valve position before power failure. 


Fail-Open: The valve is provided with external source(s) of energy to place it in 
the open position, regardless of valve position before power failure. 


PART 1 SELECTION AND APPLICATION OF VALVES A.525 


Fail-Locked: Air or inert gas actuators may be provided with a device or devices 
to seal in actuator pressure upon the loss of normal pneumatic source control. 


Types of Actuators 


The following are some of the commonly used valve actuators: 


Gear Actuators. Spur, bevel, or worm-gear actuators are used to reduce the 
manual force required to operate a valve. Spur gears are used with globe, angle, 
and nonreturn valves. Bevel-gear actuators are used on gate valves. Worm-gear 
actuators are usually used on quarter-turn valves. The use of a gear actuator is 
warranted when the rim pull force required to manually actuate a valve exceeds a 
given value, which varies from 50 Ib (22 kgf) to 250 Ib (113 kgf). 


Electric Motor Actuators. An electric motor provides the actuating energy to 
place the valve in the desired position. Upon loss of power, the failure mode 
is fail-as-is. The stem speed may vary from 12 in/min (30 cm/min), known as 
manufacturer’s standard, to 60 in/min (150 cm/min). Special features are required 
to accomplish stem speeds over 45 in/min (112 cm/min). 


Pneumatic Actuators. Pneumatic actuators utilize the motive force provided by 
a compressed gas such as air, nitrogen, or other inert gas. There are many different 
types of pneumatic actuators. These include linear, rotary, and linear-to-rotary. 
Linear-type actuators are used with valves having translating stems. Rotary and 
linear-to-rotary pneumatic actuators are used on valves having rotating stems. 

Pneumatic actuators can generate very high thrust and an extremely high torque. 
The length and speed of stroke may vary considerably, depending upon the type 
of pneumatic actuator. These actuators are capable of providing either fail-open 
or fail-close failure mode upon loss of air. Piston-type air actuators are furnished 
with springs to open or close the valve upon air failure. Diaphragm air actuators 
have limited thrust and torque generation capabilities due to limits on air pressure 
because of diaphragm strength. In addition, the diaphragm actuators have limited 
stroke ranging from 1 to 4 in (25 to 100 mm). 

Air-vane pneumatic actuators are used with quarter-turn valves, and they can 
be directly mounted on the valve stem. 


Hydraulic Actuators. Hydraulic actuators utilize pressurized liquids, usually oils 
but sometimes water, or the process liquid is used to provide the motive force for 
actuating the valve. Like pneumatic actuators, these actuators can help achieve fail- 
open or fail-close failure modes. 


Solenoid Actuators. Solenoid actuators have short-stroke and low-thrust capabili- 
ties. Two types of actuating methods are used in solenoid valves: direct acting and 
pilot operated. In the direct acting solenoid valve, the disc is lifted off the seat to 
a fully open position by magnetic flux generated by energizing the coil, and the 
disc is returned to its seat by deenergizing the coil. The pilot-operated solenoid 
valve utilizes the system pressure to provide the actuating force. 

Solenoid valves can accomplish all failure modes. 
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SELECTION AND APPLICATION GUIDELINES 


The following guidelines are provided to assist in selecting a suitable valve for 
any application. These guidelines are intended to cover all physical features and 
capabilities or limitations of different types of valves and which may be suitable 
for one particular application. The user must fully evaluate the pros and cons of 
using a particular type of valve and arrive at the most suitable selection, taking 
into consideration the life span expected and costs involved. 


Identify Application Characteristics 


1. Identify the system and various modes of system operation: startup, normal 
operation, accident condition, standby, shutdown, et cetera. 


2. Identify the flow medium and its properties, flow rate during all modes of 
system operation, system design pressure, and design temperature. 

3. Identify the pipe size, pipe wall thickness, piping material, piping joint(s) to 
be used, and any other information which relates to valves in the system. 

4. Establish the code of jurisdiction, which governs the construction of the 
system, component, or equipment. The codes related to piping systems are discussed 
in Chap. A4. The applicable code (ASME B31.1, B31.3, B31.5, B31.8, B31.9, B31.11, 
ASME Sec. I, Sec. III, Sec. VIII, etc.) does contain requirements for valves. Become 
familiar with the code requirements for valves in general and for the system under 
consideration in particular. 


5. Identify the valve standards referenced in the code of jurisdiction. Each code 
lists the valve standards that are acceptable for construction of valves to be used 
in piping within the jurisdiction of the code. Use valves complying with the valve 
standards listed in the code of jurisdiction. The most commonly used valve standards 
are listed in the beginning of this chapter. 


6. Establish the pressure drop through the valve that can be critical on overall 
system performance. For example, the pressure drop through the stop valve(s) in 
the main steam system of a power facility is critical to achieve the guaranteed 
performance of the plant. 


Select Type of Valve Required 


1. In reference to the various modes of system operation, determine the func- 
tion(s) a valve has to perform. 


2. Based upon the valve functions, the valve type(s) can be selected. The valve 
needed may be an isolation valve or a stop valve. What are the choices available? 


3. Similarly, the valve required may be a check valve or the valve required to 
stop the flow in reverse direction. There are many different types of check valve. 
Which is the most suitable? 


4. Does flow need to be throttled? Based upon the amount of throttling required, 
one may select a globe valve, butterfly valve, or a needle valve. Size limitations 
also play a role in the availability of these valves. 


5. If flow has to be regulated and controlled based on variation in pressure, 
temperature, fluid level, or the design limitations of a component or equipment, 
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TABLE A10.11 Valve Types and Typical Applications 


Service/Function 


Valve type 


Isolation or 
stop 


Throttling 


Pressure 
relief 


Directional 
change 


Gate 


yes 


no 


no 


no 


Globe 


yes 


yes 


no 


yes (note 1) 


Check 


note 2 


no 


no 


no 


Stop check 


yes 


no 


no 


Butterfly 


yes 


no 


no 


Ball no yes (note 4) 


Plug no 


yes (note 4) 


Diaphragm no no 


Safety/relief no 


Notes: 

1. Only angle-globe valves can be used for a 90-degree change in direction of flow. 

2. Check valves (other than the stop-check valves) stop flow only in one (reverse) direction. Stop- 
check valves can be and are used as stop, block, or isolation valves, in addition to being used as a 
check valve. 

3. Some designs of ball-and-plug valves (contact the valve manufacturer) are suitable for throttling 
service. 

4. Multiport ball-and-plug valves are used for changing the direction of flow and mixing flows. 


the valve required would be a control valve. Refer to selection and application of 
control valves section at the end of this chapter. 


6. The first step is to determine the valve type: isolation, check, or a control 
valve. If the component or the piping system is required to be protected against 
overpressure built up, then one of the pressure-relief devices ought to be selected. 


7. 'To begin the selection process, Table A10.11 provides a good starting point. 


8. The next step is to narrow down the choices of valves to be used. As discussed 
earlier, there are several different designs available in different categories of valves. 
For example, large-size butterfly valves are preferred to large-size gate valves as 
stop valves in low-pressure and low-temperature cooling water systems, due to 
space, weight, actuator, and cost considerations. 


Select Valve Size 
1. Pipe size will indicate the valve size unless there are other requirements that 
may make it necessary to install a smaller- or larger-than-pipe-size valve. 


2. The valve availability is one of those factors. In addition, some valves are 
not manufactured in certain small or large sizes. Refer to valve vendor catalogs 
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and evaluate application requirements and valve features in addition to space, cost 
and, operational concerns. 


Select Valve-End Connection 


1. Types of piping joints to be used depend upon several considerations, such 
as ease of removal and replacement of components in the piping system, frequency 
of repairs and replacements, life span of valves, and trim items. For example, the 
power plants utilize welded joints, whereas the petroleum refineries and chemical 
plants use flanged joints predominantly. Use of threaded, soldering, and brazing 
joints is common in plumbing piping systems. 

2. Check code requirements concerning piping joints. At times codes prohibit 
or restrict the use of different types of joints based upon size, pressure, temperature, 
materials of construction, flow medium, and other criteria. When leakage through 
joints is a concern, use of a threaded joint may be prohibited or limited by the 
code or by prudent engineering. 


3. When valve-body material is different from the pipe material, transition pieces 
may be needed to attach the valve to piping. 


4. To prevent galvanic corrosion between valve and pipe flanges, insulating 
flanges may be needed. 


Select Valve-Body, Bonnet, and Trim Materials 


1. Flow medium and its characteristics will help in selecting the valve-body and 
valve-trim materials. The flow-medium characteristics include: liquid, gaseous, vapor 
or two-phase flow, viscosity, clean fluid, dirty fluid, suspended impurities, pH- 
value (0 to 14), and pressure, and temperatures during different modes of system 
operation. Nonmetallic, stainless steel, or high-alloy piping may be utilized. Accord- 
ingly, valve materials should be selected keeping in mind the manufacturing limita- 
tions and availability of valve types and sizes required. 


2. Flow rate will dictate requirements for the valve-flow coefficient. Should the 
valve be full port, standard port, reduced port, et cetera? 


3. Valve materials for pressure-retaining parts must be in accordance with the 
applicable code and acceptable valve standard. 


4. Materials for valve parts other than pressure retaining parts must be suitable 
for withstanding all conditions of loading and assist the valve in performing its 
design functions. 


Identify Seat-Leakage Criteria 


1. Determine the minimum and maximum acceptable seat leakage across the 
valve seat when the valve is in closed position during various modes of system 
operation. In some cases the seat leakage may not be of concern, while in other 
applications, such as in piping handling cryogenic fluids, radioactive materials (liq- 
uids, gases, and mixtures) or toxic and hazardous waste materials may be a serious 
concern and must be limited to an acceptable level. 


2. The applicable valve standard may specify the acceptable seat leakage when 
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the valve is tested in the shop. Alternatively, more stringent criteria may be specified. 
Refer to the valve standard, such as MSS SP-61 and API 598. 


Identify Requirements for Valve-Stem Packing Arrangement 


1. If the valve is to be connected to a piping system or to equipment which is 
continuously maintained at vacuum, the stem packing must be suitable to prevent 
inward air leakage. Inverted- V Teflon packing is used to temperatures up to 400°F. 
Graphite packing may be specified at temperatures above 400°F. Contact the valve 
manufacturer to ensure effectiveness of the packing. 


2. When fugitive emission is a concern, specify the requirements for a suitable 
packing arrangement. 


3. In cryogenic applications the leakage of fluid across the valve seat must not 
come in contact with the stem packing. Refer to Chap. C8. 


Be Aware of Piping Layout and Valve Orientation 


1. If a valve is located near or close to an elbow, tee-branch connection, or 
another source of turbulence, precautions must be taken to select the valve that 
can withstand flow conditions or modify the layout. It is particularly true for swing 
check and butterfly valves. 


2. If a gate valve is installed with its stem in a horizontal plane, the bonnet 
cavity may not fully drain after hydrostatic testing, be filled with condensed vapor 
when the system is shut down, or contain chemicals if the system was cleaned using 
chemicals. Such situations may result in damage to the valve due to pressure binding 
or chemical reaction. A drain or vent in the bonnet may be needed to alleviate 
potential problems. 


Take into Consideration Maintenance Requirements 


1. Maintenance considerations are important for the selection of valves. The 
plant designer must provide for access, assembly, and disassembly of valves. 


2. Space limitations may impose restrictions on the use of a particular type of 
valve even though it may be the most suitable valve for the application. Select an 
alternative valve. 


3. When plants are designed for long life, the valves selected must not require 
frequent maintenance, with the exception of items such as the replacement of 
packing or lubrication. 


Initial Cost 
1. A low-initial-cost valve may necessitate frequent repairs or replacements of 
the valve or valve parts. Be aware of future costs involved. 


2. High initial costs may be prohibitive. Therefore, a compromise may be made 
to choose the right valve for the application. 
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Actuation Requirements 


1. Does the valve require an actuator? If needed, select the proper actuator, 
keeping in mind the facilities and utilities available at the location. 


2. Failure mode desired will dictate the type of power actuator. 


3. Gear-actuated valves require special attention with regard to the size of the 
actuator. The actuator size would depend on the maximum rim pull that can be 
applied without use of crowbars, rods, or hammers. The rim pull may vary from 
as low as 50 Ib (22 kgf) to 250 Ib (113 kgf). Consideration must be given to the 
plant-operating individuals and their safety and health. A high rim pull may result 
in injury to an operator. 


The above-stated guidelines are provided to assist the user in arriving at a 
reasonable solution for selecting and applying valves. They are not to be considered 
the only guidelines. They are for initiating the thought process and offering users 
critical information for making a final decision. 


CHAPTER A10 
PART 2 SELECTION AND 
APPLICATION OF CONTROL 
VALVES 


Dr. Hans D. Baumann, P.E. 
Fisher Controls International, Inc. 


DEFINITION OF CONTROL VALVES 


Unlike valves in a piping system that primarily serve to shut off, drain, fill, or divert, 
control valves are a part of an automated control system. They are considered the 
“final control element" in an automated and usually very sophisticated “‘control 
loop." Aside from the control valve, the “loop” consists of a transmitter that 
measures the variable to be controlled (usually pressure, flow, level, or temperature) 
and a controller (nowadays a computer of sorts). Following an error in the variable 
to be controlled (such an error being sensed by the transmitter), the controller 
sends a signal change to the control valve which, in turn, responds by altering the 
flow rate through the valve sufficiently to restore the desired variable (such as 
pressure, for example). 

Control valves have basically three interactive components: (1) a valve body 
subassembly (either with a reciprocating or rotating stem), (2) an actuating device 
(usually a spring diaphragm type), (3) a valve positioner (an instrument that converts 
an electronic control signal from a controller, or computer, into an air signal to 
control the position of the control valve stem), and (4) an airset or regulator to 
supply air pressure to the positioner (see Figure A10.34). 


HOW TO SPECIFY CONTROL VALVES 


The first step in specifying a control valve is to define its function in the given 
application. In some, it will operate as an on-off valve that opens or closes following 
the commands of a programmable controller on, say, a batch process. In others, it 
will be used to remotely set a flow rate in a process—that is, it will be used as a 
manually controlled variable orifice in a pipe (an open-loop application). Finally, 
in more sophisticated applications, the control valve will serve as the final control 
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FIGURE A10.34 Typical globe-style control-valve assembly with 
various components. (Courtesy of H.D. Baumann, Inc.). 


element in a process control loop and respond to the sometimes infinitely small 
variations of a signal coming from a controller (typically a computer). The signal 
will be generated in response to a deviation in the desired temperature, pressure, 
or level of a process fluid as measured by a transmitter. 


Application Classes 


In the first type of application, any on-off valve with a pneumatic or electrical 
actuator (say, for example, a ball valve) may suffice. The requirements are to 
provide tight shutoff (perhaps with a Teflon? seat) to withstand the pressure, 
temperature, and corrosiveness of the fluid, and, finally, to have sufficient flow 
capacity. No valve positioner is required (see Figure A10.35). 

Open-loop control requires a higher level of sophistication, such as a character- 
ized valve plug and good repeatability. The latter calls for a valve/actuator combina- 
tion with low dead band (low friction). A valve positioner, a device that is essentially 
a stem position controller with an accuracy between 0.5 and 1.0 percent of stem 
position, may be required. Controlling the stem position may not always assure 
that the valve plug or ball moves the required amount unless the stem or shaft is 
pinned or welded to the ball, vane, or plug (unless fluid pressure assures constant 
contact). See Figure A10.36. 

The modulating control valve that is part of a control loop is the most sophisti- 
cated device. Typical features are plug or ball with either linear or equal percentage 
flow characteristic, low-friction packing and actuating devices, and, if required, low- 
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FIGURE A10.35 Typical automated ball valve (Cour- 
tesy of XOMOX Corp). 


noise or anticavitation features. These are in addition to the previously stated re- 
quirements. 

Figure A10.37 shows an eccentric rotary plug valve with a low noise restrictor 
in the valve outlet port. Part of the pressure drop at moderate to high flow rates 
Occurs across this slotted device. The smaller jets created by the slots produce about 
10 to 15 dBA less noise than the valve itself. 

Flow control is only possible if the control valve can reduce some of the fluid 
pressure. Such pressure reduction (also used for valve sizing) typically amounts to 
5 to 10 percent of the maximum pump pressure. This makes a streamlined valve 
trim (highly desirable for on-off valves) actually less desirable for control purposes. 
It takes much higher velocities with a streamlined trim or valve (hence, more noise 
or cavitation) to achieve a certain pressure drop than with a nonstreamlined valve. 

Signals from controllers to control valves are 3 to 15 psi (0.2 to 1.0 bar) if 
pneumatic or 4 to 20 mA if electronic. Digital signals will be used in the future 
once the question of fieldbus standardization has been resolved. 


Control Valve Styles. Let's take a look at the characteristics of some of the most 
commonly used control valve types: 


e Globe valve The globe valve (see Figure A10.34), which is the most widely used 
type of control valve, has a screwed-on, integrally attached, or cage-supported 
seat ring, and typically a lathe-turned, single-seated valve plug. Larger valves or 
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FIGURE A10.36 Section of V-ball showing pinned stem to ball. (Courtesy of Fisher Controls 
International, Inc.). 


high-pressure valves may have designs such that the valve plug is cage-guided 
and pressure-balanced to reduce actuator force requirements. Globe valves are 
cost effective in sizes NPS 2 (DN 50) and below and are available in sizes as 
small as NPS %4 (DN 6) for research applications. End connections are flanged 
or threaded. High-pressure or high-temperature valves can be welded to the 
piping. NPS 2 (DN 50) and smaller can be provided with socket-welding or 
threaded ends. NPS 24% (DN 65) and larger are generally butt-welded or flanged. 


* Angle valves Angle valves are a special variety of globe valves typically having 
an inlet port at a right angle to the valve stem and a discharge port in line with 
the valve orifice. Typical applications include flashing and erosive fluids. 


* Three-way valves As the name implies, three-way valves are globe valves (or 
some rotary valves) that have three access ports and two plugs and orifices opposed 
to each other. Depending on the flow direction, three-way valves may serve as 
either mixing valves (where two different fluids enter the valve through two of 
the ports, and discharge as a mixture through the third), or diverting valves around 
heat exchangers (for example, where a fluid enters at one port and discharges 
through either the second or the third port). 

* Eccentric rotary plug valves Eccentric rotary plug valves are designed especially 


for modulating control (i.e., they have solid stem connections, low or constant 
operating torque, a good flow characteristic, and tight shutoff). They feature a 
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FIGURE A10.37 Eccentric rotary plug valve with low 
noise restrictor built into the valve outlet port. (Courtesy 
of H.D. Baumann Inc.). 


lower weight than globe valves and, therefore, have a cost advantage in sizes 
NPS 3 (DN 80) and above. They are either flanged or wafer-style for installation 
between flanges (Figure A10.37). 


e Characterized semispherical ball valves The characterized semispherical ball 
valve is another form of “designed for modulation" rotary control valve with a 
backlash-free stem connection. Here, the seal is a thin metal or plastic ring that 
engages a segmented rotating ball. A V-notch in the ball surface gives a good 
repeatable flow characteristic. This valve type is popular in the paper industry 
and is available in either flanged or wafer-style (Figure A10.36). 


* Ballvalves Ball valves have a good shutoff characteristic and high flow capacity. 
As a result, they are a good choice for on-off or sequencing control. End connec- 
tions are flanged or wafer-style. Metal-seated ball valves are designed for high 
temperature applications and can be provided with welded connections. Soft- 
seated ball valves are used for normal liquid or gaseous fluids up to 482°F (250°C) 
and where tight shutoff is required (Figure A10.35). 


* Butterfly valves Except for some special designs with low-torque and low-noise 
features, butterfly valves for modulating control have to be selected with care. 
This is because their high-torque (both seating and dynamic) and high-pressure 
recovery tend to encourage noise and cavitation. A lower-cost valve choice in 
sizes NPS 6 (DN 150) and above, butterfly valves are typically wafer-style due 
to their narrow profile. 


Actuators. More than 90 percent of all control valves use pneumatic actuating 
devices—either spring-opposed diaphragm types or piston actuated. 
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The spring/diaphragm actuator is by far the most popular due to its simplicity 
and ability to fail-safe (that is, the spring force will drive the valve either to close [fail- 
close] or in the open position [fail-open], depending on process safety requirements, 
should the air pressure be lost). 

Piston actuators provide more dynamic stiffness. In addition, because they use 
higher air pressures, they are more compact than spring-opposed diaphragm actua- 
tors. Other forms of actuation are electric or hydraulic. They are used more for 
special applications and their use is limited due to higher cost and limited reliability. 


Materials of Construction. For noncorrosive use, the material of choice is carbon 
steel (ASTM A216 Grade WCB, if cast; and A105 when forged). Valve plugs and 
seat rings are typically ASTM A 351, CF8M (316 stainless steel). 

For mild, corrosive applications, valve housings are made from type CF8M 
(316 stainless steel). However, Teflon?-lined housings and exotic alloys, such as 
Hastelloy®, monel, or titanium are available for highly corrosive fluids. 

For additional information, refer to: Hans D. Baumann, Control Valve Primer, 
A User's Guide, ISA, Research Triangle Park, 1998. 


How to Size Control Valves 


The flow capacity of control valves is expressed by the coefficient C, This is a 
combination of valve flow area and the valve's headloss coefficient K. It is ex- 
pressed as 


Ax N, 
C= NI 


where A is the “vena contracta" area of the valve's orifice, typically 70 percent of 
the orifice area. C, is expressed in the flow of U.S. gallons per minute of water 
when the pressure drop is one psi. N; is a numerical constant — 0.059 if A is in 
mm’, or 38.1 if A is in inch?. For example, if K = 1 and A = 25 mm”, then the 
C, = 25 x 0.059/V1 = 1.475. 

While C, was initially a liquid flow coefficient, this term can also be used for 
gases or steam with the proper conversion coefficients as shown below. 

We have to distinguish two modes of flow in a control valve which, in turn, 
governs the use of the correct equation. 


(A10.1) 


1. Normal Flow This occurs when the pressure drop across the valve lies below 
the following limits: 


For liquids: Apis = Fr? (pi — P») (A10.2) 
For gases: Apis = Fz (0.5 x pi) (A10.3) 


where Api, is the limited pressure drop across the valve (see equations), p; is 
the valve's inlet pressure, and p, is the vapor pressure of the respective fluid 
and at the flowing temperature (all pressures absolute). 


2. Choked Flow This occurs if the actual pressure drop exceeds Apjim. CAUTION: 
Such conditions could cause cavitation in valves handling liquids, or high sound 
levels with gas or steam. Consult your control valve supplier. 
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in this column. this column. 


Volumetric Flow 
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Choked Flow 


When Ap is more than 
F; (Ap,), use equations in 
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Remarks 
Ap, = Maximum Ap for sizing. 
Use p; — p, when outlet pres- 


Sure, or use 
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when outlet pressure is equal 
to or lower than vapor 
pressure. 
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where F, = pressure recovery factor (dimensionless) 
G; = specific gravity @ flowing temperature (water = 1 @ 16°C) 


Ap = pı — p», psia (kPa) 
N, = 11.7 if q is in m*/h and p in 


kPa; N, = 1 is q is in gpm and p is in psia. 


N; = 5.32 if W is kg/h and p in kPa; N; = 1 if W is Ib/h and p is in psia. 
P, = pressure at thermodynamic critical point, water is 3206 psia (21,370 kPa) 
P, = vapor pressure of liquid at flowing temperature, psia (kPa) 


q = liquid flow rate, m*/h (U.S. 
W = flow in kg/h (Ib/h) 


FOR GAS AND STEAM SERVICE 


gpm) 


Surprising as it may sound, the basic C, 


equation can also be applied to gases and 


steam. The difference here is that the density of the gas changes with Ap, and, since 


this is a gradual process, the relationship 


Ap to flow is no longer linear but curved. 


However, the following simplified equations give reasonable accuracy. 


Normal Flow 


When Ap is less than Fj?(p;/2), use 
equations in this column. 


Choked Flow 


When Ap is more than F;?(p;/2), use 
equations in this column. 
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TABLE A10.12 Application Guide for Modulating Control Valves (d = mm) 


Pipe Typical flow 
size capacities, C,/d? Max. Special service conditions 
Relative Flow Max. Min. press. 
Valve Type DN NPS cost? Low Ap” High Ap? chara. | temp.°C | temp. °C ratings Cavitation | Fiberous | Viscous | Abrasive 

Global Valve 8-600 | 4-24 1 0.018 0.016 G 400 —268°) Class 2500 NO N N N 
Angle Valve? 25-300 1-12 tI 0.029 0.016 G 400® —268°) Class 2500 Y N N Y 
3-Way Valve (Globe) 15-150 | %-6 1.3 0.016 N A 200 —30 Class 300 N N N N 
Eccentric Rotary Plug Valve 25-300 1-12 0.7 0.021 0.018 G 250 —200 Class 600 NO N a4 vo 
Charac. Segmented Ball Valve | 25-300 1-12 0.8 0.04 0.024 G 250 —110 Class 300 N Y T N 
Full Ball Valve 15-600 | 12-24 0.7 0.05 0.026 A 250 —268°) Class 2500 N Y Y Yo 
Butterfly Valve at 70° open 50-900 | 2-36 0.6 0.04 0.028 A 250 —30 Class 300 N N Y N 


Notes: 

! Low pressure drops are typically less than 2096 of the inlet pressure. 

? High Ap’s are defined as those higher than 40% of the inlet pressure. The valve's flow capacity is restricted due 

to the onset of vaporization of liquids and sonic flow for gases. 

> Flow to close. 

4 Relative to Globe valve price (DN 150). 

> With special bonnets. 

5 Except anticavitation trim. 

7 With ceramic trim. 

G = good, N = not recommended, A = acceptable, Y = recommended. 

Note: 

C, is a standardized (ISA-S75.01) term to denote the flow capacity of a valve expressed in gallons per minute of 
water at 60°F when the pressure drop (Ap) is 1 psi. Thus, the flow in gpm = C, V Ap/G; where G; is the specific gravity 
(water @ 16°C (60°F) = 1) and d is the valve diameter in mm. For example, a typical DN 150 globe valve will have 
a C, of 0.018 x 150? — 405 at low Ap. Caution: Do not select a valve size less than half of the pipe diameter. 
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For Saturated Steam 


NSW NSW 
Gu cm. Loos VATT eros (A10.14) 
2.1 Ap(pi + p2) 1.83 F; pi 
For Superheated Steam 
Ns W (1 + 0.00077, Ns W (1 + 0.00077, 
jee ( n) (A10.15) | C, = NSW( + 0.0007 Ts,) (A10.16) 
2.1/Ap(pi + p) 1.83 FL pi 


where C, = valve coefficient 
F, = pressure recovery factor 
G, = gas specific gravity (air = 1.0) 
N, = 323 if q is in m?/h, p is in kPa, and T is °K; N, = 1 if q is in scfh, p is 
in psia, and T is in °R. 
N; = 14.8 if q is in m?/h, p is in kPa; N; = 1 if q is in scfh, and p is in psia 
pı = upstream pressure, psia (kPa) 
p downstream pressure, psia (kPa) 
Ap — pressure drop p; — p», psi (kPa) 
q = gas flow rate at 100 kPa and 16°C, m?/h (scfh) 
T = flow temperature [PR = (460 + °F)], CK = 273 + °C) 
T,, = steam superheat, °F (°C) 
W = flow rate, pounds per h (kg/h) 


Application Guide. Table A10.12 summarizes application guidelines for modulat- 
ing control valves. 
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In today's atmosphere of complex projects, extended liabilities, tight cost controls, 
and strict quality standards, it is essential that all phases of a project, from inception 
to operation, be effectively communicated and correctly executed. To this end, 
contract documents, design documents, fabrication details, procedures, and specifi- 
cations are developed to communicate, monitor, and document the design, fabrica- 
tion, and erection of piping systems precisely. The number and variety of documents 
to be prepared for a particular piping system are determined not so much by the 
importance of the piping system as by the complexity of the system and by the 
interface requirements of the owner, the design organization, the contractor, the 
material suppliers, and the regulatory agencies. In the following sections, the docu- 
mentation requirements of a complex project are illustrated to provide a broad 
overview of the hierarchy of documents. However, since the specific requirements 
of a project are driven by many variables, such as the owner's requirements, budgets, 
market conditions, company practice, and licensing requirements, the discussion 
here should be considered as a guideline only. 

In this chapter all the principal design documents normally prepared for a 
complex piping system are identified, and their roles in the overall project are 
described. Note, however, that future developments in engineering tools might 
dictate variations from the documents described here. With the ongoing develop- 
ment of sophisticated computer software, several related design documents may 
be developed from one database with the capability to extract information as 
required. For example, pressure drop and pipe stress analysis calculations may be 
executed from a physical piping drawings database. 

The production and management of design documents may be influenced by 
outside parties. There are many industry and national standards that provide guid- 
ance in the preparation and control of design documents. Conformance to certain 
international standards is often mandatory. The references listed below contain 
standards for the preparation and control of design documents. The list is based 
on current practices in the United States. Where need for clarity exists, the reference 
is accompanied by a statement of field of applicability. The list is not all-inclusive; 
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engineers responsible for the preparation of design documents must, from time to 
time, review the current codes and standards in order to comply with and take 
advantage of the changes in the industry which are expected to continue as compu- 
terized drafting and preparation of text and record keeping improve. Additionally, 
where unique requirements exist, as in shipbuilding, the system design evolution 
process is governed by specialized methods. One reference is provided below for 
ship system design practice. 

The military (MIL) and Department of Defense (DOD) standards and specifica- 
tions referenced below provide a number of generally useful concepts and proce- 
dures for producing and maintaining design documents. Not all the information 
may be directly applicable to the field of interest of this handbook; however, the 
referenced documents should not be ignored by anyone setting up a system of 
design document production and control because the information is of fundamental 
importance to an organized approach to the task. 


1. ASME Boiler and Pressure Vessel Code, Section III, NCA-3252: Contents of 
Design Specifications. (The American Society of Mechanical Engineers, Three 
Park Avenue, New York, NY 10016-5990, USA.) 

2. ANSI/ASME N626.3: Oualifications and Duties of Personnel Engaged in 
ASME Boiler and Pressure Vessel Code Section III, Division 1 and 2 Certifying 
Activities. (The American National Standards Institute, 11 West 42nd St., New 
York, NY 10036.) 

3. U.S. Department of Defense Index of Specifications and Standards (DOD 
ISS). Naval Publication and Form Center ATT: NPODS, 5801 Tabor Avenue, 
Philadelphia, PA 19120—5099: 


* MIL-STD-481A Configuration Control; Engineering Changes, Deviation and 
Waivers, Short Form 

* DOD-STD-480A Configuration Control; Engineering Changes, Deviations 
and Waivers 

* MIL-STD-483A Configuration Management Practices for Systems, Equip- 

ment, and Computer Programs 

* DOD-D-1000B Drawing, Engineering and Associated List 

* MIL-D-8501B Drawing, Undimensioned, Reproducibles, Photographic and 

Contact, Preparation of 

* ANSI Y14.1, to be ordered from ASME unless the requestor is in the Navy 


4. ANSI Y14.1, Drawing Sheet Size and Format (For ANSI Y," use ASME ad- 
dress.) 


5. ANSI Y14.2, Line Conventions and Lettering. Drawings prepared under this 
standard usually are adequate for micrographic reproduction. (For ANSI “Y,” 
use ASME address.) 

6. ANSI Y14.5M, Dimensioning and Tolerancing (For ANSI “Y,” use ASME ad- 
dress.) 


7. ISA-S5.1: Instrument Symbols and Identification. This reference includes a 
standard for the amount of instrumentation detail that the piping designer 
would show on the piping and instrumentation diagram. The U.S. Nuclear 
Regulatory Commission has adopted a fairly current edition; users should verify 
that subsequent editions remain acceptable for U.S. nuclear work. (Instrument 
Society of America, 67 Alexander Drive, P.O. Box 12277, Research Triangle 
Park, NC 27709.) 
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8. NMA MS102, National Micrographics Association Drafting Guide for Micro- 
film has been superseded by ANSI Y14.2, Line Conventions and Lettering, and 
by MS23. Contact the Association for Information and Image Management 
International, 1100 Wayne Ave., Silver Spring, MD 20910, for current informa- 
tion. Also, government regulations may dictate certain documentation require- 
ments. 


9. ISO 9000 Series Standards relating to quality control and quality assurance. 


10. Harrington, Roy L., ed., Marine Engineering, Society of Naval Architects and 
Marine Engineers, Pavonia, NJ, 1992; ISBN 0-939773—10-4. 


11. For additional standards applicable to piping design see Chap. B3, Piping Lay- 
out, in this handbook. 


References 1 and 2 cover the ASME Code requirements for the Design Specifi- 
cation and the certifying activities incidental to completion of the manufactured 
and erected work. References 3-8 have been required for some projects or they 
have been used as sources of guidance in the physical aspects of design and drafting. 
Reference 9 provides quality assurance and control requirements, which are being 
specified increasingly for piping and other equipment, including services. References 
10 and 11 contain information on piping design and the design process itself. 

In the United States, federal, state, and locallaws apply to various piping systems; 
in other countries, similar laws may prevail. For example, the U.S. Code of Federal 
Regulations (CFR), Title 10, Part 50 mandates strict requirements for the design, 
construction, and operation of piping systems in a nuclear production or utilization 
facility. State and local governments generally invoke the ASME B31, Pressure 
Piping Code (Section B31.1 for Power Piping; B31.3 for Process Piping; etc.); and 
the ASME Boiler and Pressure Vessel Code (Section I, Power Boilers; Section II, 
Materials; etc.). Laws aimed at protecting the environment may also impact the 
design of some systems. Parts of the International Standards Organization (ISO) 
requirements, Ref. 9, are often imposed on piping design projects worldwide. Chap- 
ter A4 provides additional information on codes and standards in general. Other 
chapters provide more detailed information as necessary. The designer becomes 
familiar with the regulations prevailing at the location of the project by independent 
research and conference with the owner and local authorities. 


PROJECT EVOLUTION 


The typical project evolution can generally be divided into three principal stages. 
The first stage comprises inception, assignment of responsibilities, preliminary de- 
sign, and estimating. The second stage comprises detailed design, procurement, 
and definitive cost estimating. (Depending on the project schedule, production of 
hardware, site preparations, and construction may also be initiated at this stage.) 
The third stage comprises completion of engineering, production of equipment, 
erection, start-up, and commercial operation of the systems. Although the demarca- 
tion between the various stages may vary with the organization performing the work, 
the concept remains unchanged. The following discussion describes the various 
documents that are normally prepared in each phase of the project. 

For another sequence, see Ref. 10, pages 5-10, where the design spiral is dis- 
cussed. And, see pages 35 and 36 for a discussion of the computer product model 
now finding use in ship design and production practice. The art is evolving rapidly, 
and future models may offer even better results than those discussed here. For a 
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detailed discussion of the major effects of computerized methods on the way that 
piping design is done today, see Chap. B3 of this handbook. 


FIRST STAGE 


Contract Specifications 


Contract specifications are normally prepared under the sponsorship of the owner 
to define the owner's basic requirements of the piping system(s). The contract 
specification establishes the applicable codes and standards, the owner's require- 
ments, and the obligations of the parties involved in the project. It is expected that 
the organization charged with the development of the design will develop all design 
data (to the satisfaction of the owner) not expressly provided by the owner in the 
contract specification. 


Codes and Standards 


Although codes and standards are not prepared by any of the parties involved in 
a project, they are discussed here because of their importance. 

New or retrofit construction of almost every type of facility is usually regulated 
by a government agency at the federal, state, and/or local level. Regulators establish 
safety standards for the purpose of protecting workers and the general public. The 
regulators may directly issue these regulations or they may invoke industry standards 
by reference. Furthermore, in locales where no laws exist to regulate safety stan- 
dards, the owner (as advised by the underwriter) may mandate compliance with 
certain national construction codes or standards. Also, the piping industry regulates 
the safety of its projects by establishing minimum design requirements. Therefore, 
prior to proceeding with the design, the design engineer must establish what the 
regulatory requirements are. For a detailed discussion of codes and standards, refer 
to Sec. A, Chap. A4 of this handbook. 

Because codes and standards have a significant impact on the project, it is 
paramount that the codes and standard to which the project must conform be 
established in the early stages of the project, preferably in the contract specification. 


Design Criteria 


Before the detailed design is begun, it is usually advantageous for the project to 
prepare a comprehensive set of documents defining the system design criteria. This 
criterion may be part of overall project design criteria or may be a separate document 
prepared solely for the piping design. In either case, the design criteria should 
reiterate the design requirements delineated in the contract specification and should 
define the applicable codes and standards, environmental conditions, design parame- 
ters, and other pertinent design bases that will govern the work. The design criteria 
can be updated as the design progresses to reflect any change in the design basis. 


Calculations 


Calculations are documents prepared to support the establishment of flow rates, 
system pressures, temperatures, pipe and vessel wall thickness, heat transfer rates, 
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and other design parameters. Calculations are also prepared for the pipe stress and 
flexibility analysis and pipe support design. 

Because calculations form the foundations for the piping system design, their 
quality is paramount. The documents used for procurement, construction, and 
licensing must be supported by suitable calculations. Because the design process is 
an iterative process, it is usual practice to issue calculations at various stages of 
completeness, based on firmness of the design input. The intended use of the 
calculation must be commensurate with the reliability of the results. Calculations 
may be issued as “preliminary status" for in-house review, estimating, and bidding. 
Unless project conditions dictate otherwise, award of contracts, fabrication, and 
erection should be based only on final calculations derived from firm data. If 
calculations are not firm, precautions must be taken to minimize the impact of any 
changes resulting from changes in the calculation results. 


System Descriptions 


The many organizations engaged in piping system design may vary the format and 
content of system descriptions (SDs) from that described here based on their needs. 
Systems whose operation may have public safety implications (e.g., nuclear power 
plant systems and chemical plant systems) may require very detailed system descrip- 
tions. 

The purpose of the system description is to set forth, specifically in writing, the 
functions, intent of the design, and major features of the system. Since some systems 
need mechanical, electrical, and control system discipline inputs, each discipline 
may prepare its own system description, or alternatively, one document containing 
all discipline criteria may be prepared. Customarily, the mechanical discipline as- 
sumes the lead for preparing system descriptions for piping systems. The four major 
topics covered in a typical SD are (1) system design bases, (2) operating modes 
(start-up, normal, shutdown, emergency, or as appropriate), (3) descriptions and 
performance ratings of major equipment, and (4) control concepts. 

The design basis stated in the SD is used to develop the system flow diagram 
(which shows the features necessary to accomplish the design basis) and the piping 
and instrumentation diagram (which shows the basic controls, interlocks, pipes, 
valves, vessels, pumps, and miscellaneous equipment comprising the system). There- 
fore, the system description is important in the development of the documents used 
in procurement, manufacturing, fabrication, and erection. 

Table B1.1 presents topics to be covered in a system description applicable to 
fossil fuel and nuclear power plants. Systems for other uses may not require all the 
topics listed or may require topics not covered in the table. In any event, the SD 
should include no more and no less than what is required to fulfill the purpose 
stated above. In this example, no more information is presented than is necessary 
to obtain the construction and operating permits from the government authorities 
and to provide direction to the users of the document (designers, engineers, opera- 
tors, vendors, etc.). 


System Flow Diagram 


The system flow diagram (SFD) serves to illustrate the system description. To realize 
full benefit from the SFD, it should be issued with the SD. The SFD extends the 
purpose stated for the system description by schematically showing the operational 
relationships among the major system components and by stating the design and 
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TABLE B1.1 Topical Outline: System Description 


Function 


Design bases 
Safety design bases* 
Contract design bases} 
Codes and standards 


Description 
General description 
System operation 
Description of principal components 


Unresolved matters 


References to the sources of design criteria 


* Applicable if code and/or law prescribes safety design 
bases. Another area subject to law is the environment; for 
some systems Environmental Design Bases would have to 
be identified. 

T Power plant practice names this section Power Genera- 
tion Design Bases. Other industries use titles appropriate to 
their conditions. 

t This section is used to track unresolved matters during 
design development, and it is closed out with “None” in the 
final issue of the system description. 


expected process variables for selected modes of operation. Table B1.2 presents a 
list of topics to be included and excluded from the SFD. Figure B1.1 is a portion 
of a typical system flow diagram based on the concepts described above. 


Piping and Instrumentation Diagram 


The piping and instrument diagram (P&ID) provides a schematic representation 
of the piping, process control, and instrumentation which shows the functional 
relationships among the system components. The P&ID also provides important 
information needed by the constructor and manufacturer to develop the other 
construction input documents (the isometric drawings or orthographic physical 
layout drawings). The P&ID provides direct input to the field for the physical design 
and installation of field-run piping. For clarity, it is usual practice to use the same 
general layout of flow paths on the P&ID as used on the system flow diagram. 

The P&ID ties together the system description, the system flow diagram, the 
electric control schematic, and the control logic diagram (beyond the scope of this 
handbook). It accomplishes this by showing all the piping, equipment, principal 
instruments, instrument loops, and control interlocks. The P&ID contains a mini- 
mum amount of text in the form of notes (the system descriptions minimize the 
need for text on the P&ID). The first P&ID in the set for the job should contain 
a legend defining all symbols used; if certain symbols are defined elsewhere, it may 
be appropriate to only reference their source. The P&IDs are also used by the 
start-up organizations for preparing flushing, testing, and blowout procedures for 
the piping system and by the plant operators to operate the system. The correctness 
and completeness of the SD, SFD, and P&ID drawings are crucial to the success 
of the start-up program. 


HIERARCHY OF DESIGN DOCUMENTS B.9 


TABLE B1.2 Topics Covered: System Flow Diagram* 


Flow Diagrams should show the following: 
All major equipment 
Equipment names 
Equipment identification numbers 
Major bypass and recirculation lines 
Control valves 
Valves required to demonstrate routing for all modes 
Pipe sizes if required by office practice 
Interconnections to other systems 
Equipment ratings or capacities 


Flow Diagrams should not show the following: 
Pipe class 
Pipe line numbers, unless required by office practice 
Minor bypass lines 
Isolation and shutoff valves 
Maintenance vents and drains 
Relief and safety valves, unless they serve in a mode 
Instruments 
Code class information 
Seismic class information 


* It is impossible to generalize about system flow diagrams. 
The foregoing “do and don’t” list is subject to as many variations 
as there are design agents and vendors of packaged systems. For 
example, piping system line numbers, code class, seismic class, 
and other information may be found on a flow diagram intended 
for presentation to another organization having responsibility for 
the preparation of piping and instrumentation diagrams and other 
construction documents. In such instances, that flow diagram and 
that system description convey most of the information required 
by others to develop the system, and the rest of the information 
is defined in the contract or attachments to it. 


Table B1.3 presents statements of what is included and what is not included in 
the P&ID. Figure B1.2 depicts a portion of a typical P&ID that complies with the 
intent of ISA-S5.1, Instrument Symbols and Identification, and with recent electric 
utility standard practice. 


Piping Physical Sketches and Composite Drawings 


Isometric or orthographic piping sketches are made, initially ofthe large-bore piping 
and later of the small-bore piping, as determined by project requirements. Portions 
of other piping systems, and structural, electrical, control, and HVAC information 
may be included in these sketches (in which case they are called composite drawings). 
These piping drawings form the basis for the working physical drawings such as 
the system isometrics. The sketches and composites are not used for construction 
or manufacture; they represent the precomputer version of the present database 
in a computer-aided design (CAD) system, or one of its several derivative systems, 
which can provide the design study more efficiently than manual methods in many 
instances today. Computer-aided design and drafting (CADD) software packages 
are available from a number of commercial sources. 
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FIGURE B1.1 Typical system flow diagram. 
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TABLE B1.3 Topics Covered: Piping and Instrumentation Diagram 


The P&ID should show the following: 
Mechanical equipment 
All valves associated with the process piping 
Instruments significant to the process piping, including: 
Process pipes 
Vents and drains 
Special fittings 
Sampling lines 
Permanent start-up and flushing lines 
Specific information as applicable to job: 
Instrument designations 
Equipment names and numbers 
Pipeline identification 
Valve identification 
All size transitions in line: 
Reducers and increasers, swages, etc. 
Direction of flow 
Interfaces for class changes 
Seismic category 
Quality level 
Interconnection references 
Annunciation inputs 
Plant computer inputs 
Vendor and contractor interfaces 
Identification of components and subsystems by others 
Reference to a vendor drawing for details not shown 
Intended physical sequence of equipment: 
Including branch lines, reducers, etc. 


The P&ID should not show the following unless there is a 
compelling need to do so for clarity. Items identified by an 
asterisk may be shown, if necessary. 

Instrument root valves 

Equipment rating or capacity 

Control relays* 

Manual switches* 

Indicating lights* 

Primary instrument tubing and valves 

Pressure, temperature, and flow data 

Vendor package piping which has no interface with engineering or 
construction* 

Elbows, tees, and similar standard fittings 

Extensive explanatory notes 


Remarks: The P&ID for a defined system should be limited to coverage of 
that system to the maximum practical extent. Other systems that interface with 
the subject system are shown in phantom if such portions are detailed elsewhere. 

Whenever a line is broken off as a matter of drafting convenience, both the 
break and the continuation are labeled so that one can readily trace the line from 
both sides of the break. This applies whether the break and continuation are on 
the same sheet or on different sheets of the drawing. 

Except for very simple P&ID, the drawing should have the horizontal and 
vertical borders marked to permit reference to any small area of the drawing, 
such as by “Continued at G-7." Care should be taken to ensure that these markings 
are within the sized field of the drawing so that they will always be reproduced 
with the drawing regardless of the process used. 
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FIGURE B1.2 Typical system piping and instrumentation diagram. 
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Composite drawings are used to clarify functional relationships among significant 
elements of various systems. Figure C10.1 is typical of a composite that might be 
found in an operating manual or hazards study. 


SECOND STAGE 


With the completion of the initial draft of the calculations and P&ID, the piping 
design progresses to the second stage, which consists of the detailed physical design 
of the piping system, piping stress analysis, and procurement of materials. The types 
of documents typically issued during this phase are purchase specifications, design 
specifications, piping erection specifications, piping orthographic drawings, piping 
isometric drawings, fabrication details, and equipment lists. 


Design Specifications 


Design specifications are prepared to define the performance requirements for 
services and materials. The design specifications may be prepared for in-house 
design work to control the quality of work performed, or the specification may be 
issued to govern contracted products and services. 

For nuclear power plant systems and components required to meet ASME 
Section III Code requirements, the design specification takes on added importance. 
A requirement of the ASME Section III Code is that a Design Specification be 
prepared to provide a complete basis for ASME Section III Division 1 Construction. 
As a minimum, the ASME Design Specification must define the boundaries of the 
item covered, the design requirements, environmental conditions, ASME Code 
Classification, material requirements, operating requirements, effective Edition, 
Addenda, and Code cases used for construction. Design specifications can stand 
by themselves, or they can consist of a cover specification incorporating, by refer- 
ence, all the design documents required to perform the work. 


Procurement Specifications 


The procurement specification for piping fabrication should define the scope of 
work, applicable codes and standards, environmental conditions, material require- 
ments, fabrication and examination requirements, testing requirements, and docu- 
mentation requirements. The specification should reference the applicable design 
documents (e.g., piping isometric drawings) which govern the work. These docu- 
ments should be made available to the supplier. 


Erection Specification 


The specification for piping erection should specify the applicable codes and stan- 
dards governing the work. The specification should also delineate any fabrication, 
quality, examination, testing, and documentation requirements imposed beyond 
those required by the code. Also, all design and fabrication documents should be 
incorporated into the erection specification. 
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Physical Design Drawings 


General practice among engineering organizations is to prepare orthographic piping 
drawings. With the development of three-dimensional computer-aided design (3D 
CAD) software, the designer can check for interference and can generate different 
views. Once the orthographic drawings are completed, they may be issued for piping 
fabrication and construction. However, for complex piping systems, it is common 
practice to develop separate piping isometric drawings for each pipe run. For pipe 
stress analysis, fabrication, and installation, the piping isometric drawings are easier 
to use than the orthographic drawings because all the information on the isometric 
drawing pertains to the piping of interest —the drawing is not cluttered with extrane- 
ous information. Also, the isometric drawing is more easily visualized. Figure B1.3 
depicts a typical isometric drawing. 

Whether the scope of the project dictates that piping spools be shop-fabricated or 
field-fabricated, isometric drawings are indispensable in relaying the pipe fabrication 
requirements of the craft. 


Stress Analyses 


Piping stress analyses is a term applied to calculations which address the static and 
dynamic loading resulting from the effects of gravity, temperature changes, internal 
and external pressures, changes in fluid flow rate, seismic activity, fire, and other 
environmental conditions. Codes and standards establish the minimum scope of 
stress analyses. Some codes prescribe loading combinations with not-to-exceed 
stress limits. For specific code requirements, refer to other chapters in this handbook 
where code requirements relevant to the type of piping system involved are dis- 
cussed. Chapter B4 of this handbook deals with stress analysis of piping. 


Piping Spool Drawings 


The piping spool drawing (also referred to as a spool sheet) is the shop detail 
drawing developed by the pipe fabricator from the piping isometric, or the piping 
orthographic, for each prefabricated section of piping. Generally, a spool sheet 
covers only one spool, whether the spool consists of only one fitting or of many 
piping elements (limited in size only by shipping or handling capabilities). The 
spool sheet should specify all dimensions, materials, fabrication procedures, exami- 
nation and testing requirements, and code stamping requirements, as applicable. 
The spool sheet may also be used to document the performance of the required 
operations. Figure B1.4 is an illustration of a typical spool sheet. 

It is customary for the engineering organization to review the spool sheets to 
ensure that the fabricator properly interprets the code, specification, and design doc- 
uments. 


Equipment Drawings 


The equipment supplier generally submits certified equipment drawings to the 
engineer. These drawings may be subject to approval by the engineer to ensure 
that the specification requirements are met. Also, the drawings are used to finalize 
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FIGURE B1.3 Typical piping isometric drawing. 
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FIGURE B1.4 Typical spool detail sheet. 
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the facility design; ie., the physical and operating characteristics of the actual 
procured equipment are incorporated into the design. 
The supplier document should, as a minimum, contain the following information: 


. Component outline dimensions 
. Location and size of service connections 
. Bill of materials 


. Maintenance procedures 


1 

2 

3 

4. Service requirements 

5 

6. Instruction manual and list of recommended spare parts 
7 


. Diagrams for piping, logic, electrical wiring, and instrumentation 


Pipe Support Drawings 


The design and procurement of pipe supports are usually accomplished in one of 
the following ways. The supports can be preengineered by the engineer, or the 
design can be contracted to a pipe support manufacturer. In the first case, the 
engineer prepares a detailed pipe support drawing containing the necessary fabrica- 
tion details and bill of materials. The pipe support fabricator needs only to fabricate 
the support in accordance with the drawing. In the second case, the engineer specifies 
the direction of restraint, the type of support (e.g., variable, constant, rigid), and 
the support load. The support manufacturer prepares detailed shop fabrication 
drawings for shop use. The support drawings should contain the same level of detail 
as described for spool sheets. As with spool sheets, the engineer reviews the pipe 
support drawings for compliance with the purchase specification. 


THIRD STAGE 


As the piping system design reaches completion and materials begin to arrive at 
the job site, the project enters the third stage. It begins with the installation of the 
piping system. 

During installation of the piping system, it is imperative that deviations from 
the design precipitated by variations in field conditions be controlled and reconciled 
by engineering. For this purpose, engineers and constructors have developed several 
vehicles by which deviations are identified and resolved. The following sections 
describe some of these vehicles. The titles of these documents may vary from 
organization to organization; however, their purpose remains the same. 


Supplier's Deviation Disposition Request 


If a supplier cannot furnish material conforming to the purchase specifications, 
the supplier may request a design change by completing a Supplier's Deviation 
Disposition Request (SDDR) form. The request should identify the existing condi- 
tion, the reason for the change, the technical justification, and the proposed alterna- 
tive. Engineering can expeditiously evaluate the condition and prepare a reply on 
the same form if no review of supplier stress analysis calculations, new laboratory 
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test results, or any other significant procedure is required. In some cases the SDDR 
would be resolved after a reiteration of design and testing submittals, and approvals, 
as for an original design. 


Field Change Request 


If a contractor cannot install an item as shown on the design documents (or if the 
contractor identifies an advantageous alternative to the design), the contractor may 
request a design change by completing a Field Change Request (FCR) form. The 
request should identify the existing condition, the reason for the change, and the 
proposed alternative. Engineering can expeditiously evaluate the condition and 
prepare a reply, often on the same form. For an FCR that involves significant 
technical problems, the closeout might be conditioned on test results, etc., as de- 
scribed for the SDDR. 


Nonconformance Report 


When an installation does not conform to the design document, a nonconformance 
report should be generated to document the discrepancy. The report is submitted 
to the engineer for evaluation and disposition. The engineer determines whether 
the condition still satisfies the functional requirements of the original design and 
either approves the FCR or initiates further action. If the deviation cannot be 
accepted, the engineer will require that the nonconforming item be repaired or 
replaced to meet the original design requirement. 


Start-up Field Report 


As each system installation is completed, the contractor turns the system over to 
the start-up group for system checkout and performance testing. Any deficiencies 
encountered by start-up are documented on Start-up Field Reports that are submit- 
ted to the engineer for resolution. The report should describe the deficiency and 
should, if possible, offer a recommendation for corrective action. 


Conclusion 


The careful and timely preparation of design documents is crucial to the economical 
and successful installation of a piping system. When prepared in the proper se- 
quence, the engineering documents build on the information developed in the 
foregoing documents, allowing for an organized and methodical development of 
the project. Thus the number of iterations in the design process is minimized, and 
schedule and costs are controlled. 

For additional information on some of the topics in this chapter, see Chap. 
B3, App. E9 and the Index under these headings: CAD, computer-aided design, 
computer-aided drafting, and computer programs. 


CHAPTER B2 
DESIGN BASES 


Joseph H. Casiglia, P.E. 
Consulting Engineer—Piping 
The Detroit Edison Company 

Detroit, Michigan 


The design of a piping system is a straightforward process. The technology is 
extensive and diverse. Piping design requires the application of theory from a 
number of engineering disciplines, including fluid mechanics, statics, dynamics, 
strength of materials, and physical metallurgy. It also requires the knowledge and 
application of a number of codes and standards. 

This chapter identifies and explores the various facets of piping design and 
highlights parameters that must be considered in completing the design process. 
The design bases discussed here are generic and should be considered during the 
course of design of any piping system, regardless of its function. In some cases, a 
number of the parameters discussed may not be applicable; however, they all 
should be considered when the initial design concept for the system is formulated 
and developed. 


DEFINITION OF THE TERM DESIGN BASES 


Design bases are the physical attributes, loading and service conditions, environmen- 
tal factors, and materials-related factors which must be considered in the detailed 
design of a piping system, to ensure its pressure integrity over its design life. 


Physical Attributes 


Physical attributes are those parameters that govern the size, layout, and dimensional 
limits or proportions of the piping system. Dimensional standards have been estab- 
lished for most piping components such as fittings, flanges, and valves, as well as 
for the diameter and wall thickness of standard manufactured pipe. Those standards 
are identified in the section “Use of Codes and Standards in Piping System Design." 
Certain types of piping systems require special design practices for configuration 
control, to ensure constructibility, or in-service performance. For example, high- 
temperature, high-pressure piping systems are usually designed with weld joints 
spaced a minimum of one pipe diameter apart to facilitate radiographic examination 
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of the joints. Steam and wet-gas systems are designed to maintain the pipe runs at 
some minimum pitch to ensure adequate drainage of condensate or other liquids 
that may separate from the gas stream. Pipelines that are subject to frequent plugging 
should be designed with adequate clearance, and mechanically joined, to allow for 
ready disassembly and maintenance. 


Loading and Service Conditions 


Loading conditions, or loads, are forces, moments, pressure changes, temperature 
changes, thermal gradients, or any other parameters that affect the state of stress of 
the piping system. Typical examples of loading conditions include internal pressure, 
piping system deadweight, steady-state or transient temperatures, wind loads, or 
snow and ice loads. Loads may be external to the piping system, such as environmen- 
tal temperature changes or wind loads; or they may be internal to the system, such 
as internal fluid pressure or temperature changes. 

Service conditions are combinations of loads or load sets that occur simultane- 
ously, therefore the piping system must be designed to withstand their combined 
effects. Occasionally, the service conditions will be specified by the piping design 
code. Examples are found in the American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code, Section IIL, Nuclear Power Plants Com- 
ponents, Paragraph NCA-2142, where service conditions are defined directly, and 
the ASME Code for Pressure Piping, ASME B31.1, Power Piping, Paragraph 104.8, 
where service conditions are specified under the topic of analysis of piping compo- 
nents due to the effects of sustained and occasional loads. 

Where service conditions are not specified by a particular code, the designer 
should review the various loading conditions that the piping system is exposed to 
and formulate the combinations that must be considered in design. Reference to 
the most commonly used piping design codes listed in the section “Use of Codes 
and Standards in Piping System Design" will provide the designer with guidance 
in setting appropriate design stress limits. 


Environmental Factors 


When used within the context of this chapter, the term environmental factors refers 
to operating conditions that result in progressive physical or chemically induced 
deterioration of the piping system which can ultimately lead to a breach of the 
pressure boundary or a gross structural failure. Failures that are the result of 
environmental factors are usually slow to progress and frequently involve localized 
areas of the piping system. The most common examples of environmental factors 
include corrosion, erosion, and physical damage. While corrosion and erosion mech- 
anisms can act independently, a combined reaction known as erosion/corrosion, or 
flow-assisted corrosion, frequently occurs in wet-steam and water piping systems 
constructed of plain-carbon steels. 


Materials-Related Considerations 


Materials-related considerations are the specific chemical, metallurgical, and physical 
properties of a piping system's material constituents that can ultimately determine 
its suitability for a particular service. Proper materials selection can be a crucial 
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design consideration that will determine the adequacy of performance of a piping 
system where extremes of temperature, chemical attack, or erosion are significant 
factors in its operation. 


Pressure Integrity 


Pressure integrity is the maintenance of a leak-tight condition in piping systems' 
pressure-containing boundaries coincident with the control of the level of stress or 
strain within predefined criteria limits. Pressure integrity is not synonymous with 
leakage integrity; the latter is only an assurance of a leak-tight condition without 
regard for the state of stress or structural stability of the pressure boundary. Mainte- 
nance of the pressure integrity of a piping system, within predefined criteria limits, 
is a major objective of the design process. 


USE OF CODES AND STANDARDS IN PIPING 
SYSTEM DESIGN 


In practice, the assurance that the design and construction of a piping system will 
meet prescribed pressure-integrity requirements is achieved through the use of 
published codes and standards. Numerous codes and standards have been formu- 
lated and published by major interest groups of the piping and pressure 
vessel industry. The most widely used codes and standards for piping system design 
are published by the American Society of Mechanical Engineers. The American 
National Standards Institute (ANSI) accredits many of these codes and stan- 
dards. 


Differentiation between Codes and Standards 


Codes and standards both provide criteria through which pressure integrity can be 
ensured and simplified design rules to ensure adherence to the criteria. Many 
designers and engineers think the terms code and standard are synonymous, or at 
least somewhat interchangeable, but this understanding is incorrect. 


Codes. Piping codes provide specific design criteria such as permissible materials 
of construction, allowable working stresses, and load sets that must be considered 
in design. In addition, rules are provided to determine the minimum wall thickness 
and structural behavior due to the effects of internal pressure, deadweight, seismic 
loads, live loads, thermal expansion, and other imposed internal or external loads. 
Piping codes provide design rules for nonstandard components and for the reinforce- 
ment of openings in the pipe wall. They do not provide design rules for standard 
in-line components such as valves, flanges, and standard fittings; rather, they define 
the design requirements for these classes of components by reference to industry 
standards. 

The use of specific codes for the design and construction of piping systems is 
frequently mandated by statute or regulations imposed by regulatory and enforce- 
ment agencies. 

Typically codes are structured around technology or industry user lines. For 
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example, ASME B31.1, Power Piping, covers piping systems in power plants, district 
heating plants, district distribution piping systems, and general industrial piping 
systems while ASME B31.3, Process Piping, is structured around the chemical, 
petroleum, and petrochemical industries. Any one of the above-named industrial 
facilities might have a pipeline with similar service requirements such as a 
high-pressure steam main, a boiler feedwater line, or a cooling water line. How- 
ever, the requirements of the specific code, as influenced by the needs and 
experience of the user industry, will dictate the pipeline's design and construc- 
tion requirements. 

Many piping design and construction codes are listed in the section Reference 
Codes and Standards." The systems and subsystems covered by these codes are 
defined in their scope sections. The scope sections of all potentially applicable codes 
should be reviewed early in the design phase of a piping project to determine which 
code, or codes, should be applied to the piping design and construction. 

In some cases, multiple codes may be required for the design and construction 
of the same piping system, depending upon its location. For example, a steam main 
serving a petrochemical plant from a major utility's district heating system would 
be designed and constructed to ASME B31.1, up to the petrochemical plant property 
line. The balance of the piping on the petrochemical plant's property would be 
designed to ASME B31.3. In the case of a natural gas main serving a utility power- 
house, the outdoor piping is designed and constructed to ASME B31.8 up to and 
including the meter set, and the in-plant piping is designed and constructed to 
ASME B31.1. For more details, refer to Chap. A4. 

Sometimes, different piping systems within the same building or facility will be 
designed and constructed to different codes. For example, most of the piping systems 
in a utility power plant are designed and constructed to ASME B31.1. However, the 
building heating and air conditioning piping systems are designed and constructed to 
ASME B31.9, Building Services Piping. 


Standards. Standards provide specific design criteria and rules for individual com- 
ponents or classes of components such as valves, flanges, and fittings. There are 
two general types of standards: dimensional and pressure integrity. 

Dimensional standards provide configuration control parameters for compo- 
nents. The main purpose of dimensional standards is to ensure that similar compo- 
nents manufactured by different suppliers will be physically interchangeable. Con- 
formity to a particular dimensional standard during the manufacture of a product 
does not imply that all such similarly configured products will provide equal perfor- 
mance. For example, two different styles of NPS 10 (DN 250) Class 150 flanged- 
end gate valves could be manufactured, in part, to ASME B16.10, Face-to-Face and 
End-to-End Dimensions of Valves. The valves would be physically interchangeable 
between mating flanges in a particular piping system. However, because of com- 
pletely different seat and disk design, one valve might be capable of meeting far 
more stringent seat leakage criteria than the other. 

Pressure-integrity standards provide uniform minimum-performance criteria. 
Components designed and manufactured to the same standards will function in an 
equivalent manner. For example, all NPS 10 (DN 250) Class 150 ASTM A105 
flanges, which are constructed in accordance with ASME B16.5, Pipe Flanges and 
Flanged Fittings, have a pressure-temperature rating of 230 psig (1590 kPa gage) 
at 300°F (149°C). 

Statute or regulation does not normally mandate standards; rather they are 
usually invoked by a construction code or purchaser’s specification. 
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The ASME Pressure Classification System 


The ASME pressure classification system meets the needs of industry by providing 
quantitative performance standards for a wide range of piping components, based 
upon a manageable number of operational variables. This system defines predeter- 
mined pressure-temperature ratings that components are designed to meet. 

A number of different ASME standards for piping components provide pressure- 
temperature ratings. The standards in current use in the piping industry are listed 
in the section “Reference Codes and Standards." In this section the pressure classi- 
fication system in ASME B16.5, Pipe Flanges and Flanged Fittings,' will be used 
for illustration. However, the concepts covered are generally applicable to all the 
ASME pressure-integrity standards. 

Flanges manufactured in accordance with ASME B16.5 are made from materials 
categorized into 34 material or material alloy groups. There are 8 carbon and low- 
alloy steel material groups, 10 high-alloy steel material groups, and 16 nonferrous 
metal groups. Within each of the 34 material groups is a subgroup listing of ASTM 
materials specifications for forgings, castings, and plates. In addition, acceptable 
bolting materials and bolting dimensional recommendations are specified. Partial 
listings of the various material groups, subgroups, and bolting materials are shown 
in Tables B2.1, B2.2a, and B2.2b. For the complete list, see ASME B16.5. 

For any single material group, all flanges made from any material in the group, 
which carry the same ASME flange pressure class, have the same pressure-tempera- 
ture rating. 

ASME B16.5 provides seven pressure classes for flanges. They are Classes 150, 
300, 400, 600, 900, 1500, and 2500. The pressure-temperature ratings for flanges 
representing all material groups are organized within 34 tables, one for each material 
group. Table B2.3 is adapted from ASME Standard B16.5 and is typical of the 34 
flange rating tables. It provides the pressure-temperature ratings for flanges in 
material group 1.1. The table is organized with the pressure classes listed across 
the top and the maximum working temperatures along the left-hand border. The 
body of the table provides the pressure ratings for flanges from each pressure class, 
at the given temperature. 

In practice, the use of ASME B16.5 to determine a flange rating is quite simple. 
The procedure is outlined below: 


1. Determine the maximum operating pressure and temperature for the required 
flange. 


2. Select a flange material and therefore a material group from one of the 34 listed 
material groups. Be aware that some of the qualifying notes concerning maximum 
operating temperatures for various materials may influence the final material se- 
lection. 


3. Enter the appropriate material group table at the increment of temperature 
listed which is higher than the desired maximum operating temperature. Start 
with the Class 150 column and proceed to the right until a pressure rating for 
the desired temperature is found which equals or exceeds the required operating 
pressure. The column in which this condition is satisfied dictates the required 
pressure class and specifies the actual pressure-temperature rating of the flange. 


Example B2.1. Assume that an ASTM A105 carbon-steel flange is required to 
satisfy a pressure rating of 1060 psig (7310 kPa gage) at 650°F (343°C). ASTM A105 
is a material group 1.1 material. Entering Table B2.3 at a temperature of 650°F 
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TABLE B2.1 A Partial Listing of Materials Used for ASME B16.5 Flange Construction 


Applicable ASTM specifications 


Material Nominal 
group designation Forgings Castings Plates 
1.1 C-Si A 105 A 216 Gr. WCB A 515 Gr. 70 
C-Mn-Si A 350 Gr. LF2 A 516 Gr. 70 
A 537 Cl. 1 
12 C-Mn-Si A 216 Gr. WCC 
ZANI A 352 Gr. LCC 
IANI A 352 Gr. LC2 A 203 Gr. B 
A 350 Gr. LF3 A 352 Gr. LC3 A 203 Gr. E 
13 C-Si A 352 Gr. LCB A 515 Gr. 65 
C-Mn-Si A 516 Gr. 65 
2VoNi A 203 Gr. A 
3Y2Ni A 203 Gr. D 
14 C-Si A 515 Gr. 60 
C-Mn-Si A 350 Gr. LF1 CI. 1 A 516 Gr. 60 
1.5 C-VeMo A 182 Gr. F1 A 217 Gr. WC1 A 204 Gr. A 
A 352 Gr. LC1 A 204 Gr. B 
1.7 C-vVeMo A 204 Gr. C 
VeCr-VeMo A 182 Gr. F2 
Ni-!4Cr-/ Mo A 217 Gr. WC4 
3ANi-3ACr-IMo A 217 Gr. WC5 
1.9 1Cr-2Mo A 182 Gr. F12 Cl. 2 
1ACr-/ Mo A 217 Gr. WC6 
1'ACr-YV2Mo-Si A 182 Gr. F11 Cl. 2 A 387 Gr. 11 Cl. 2 
1.10 24Cr-1Mo A 182 Gr. F22 CI. 3 A 217 Gr. WC9 A 387 Gr. 22 Cl. 2 
1.13 5Cr-/56Mo A 182 Gr. F5 
A 182 Gr. F5a A 217 Gr. C5 
1.14 9Cr-IMo A 182 Gr. F91 A 217 Gr. C12 
2.1 8Cr-8Ni A 182 Gr. F304 A 351 Gr. CF3 A 240 Gr. 304 
A 182 Gr. F304H A 351 Gr. CF8 A 240 Gr. 304H 
22 6Cr-12Ni-2Mo A 182 Gr. F316 A 351 Gr. CF3M A 240 Gr. 316 
A 182 Gr. F316H A 351 Gr. CF8M A 240 Gr. 316H 
8Cr-13Ni-3Mo A 240 Gr. 317 
9Cr-10Ni-3Mo A 351 Gr. CG8M 
2:3 8Cr-8Ni A 182 Gr. F304L A 240 Gr. 304L 
6Cr-12Ni-2Mo A 182 Gr. F316L A 240 Gr. 316L 
24 8Cr-10Ni-Ti A 182 Gr. F321 A 240 Gr. 321 
A 182 Gr. F321H A 240 Gr. 321H 
Source: Adapted from ASME B16.5, Pipe Flanges and Flanged Fittings, American Society of Mechani- 


cal Engineers, New York, 1996, Table 1A, p. 10. 
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TABLE B2.2a Bolting Materials Used with ASME B16.5 Flanges 


Bolting materials* 


High strength* Intermediate strength* Low strength* Nickel and special alloy* 
Spec. Spec. Spec. Spec. 
no. Grade — Notes* no. Grade Notes* no. Grade Notes* no. Grade Notes* 
A193 B7 jas A193 BS "€ A193 B8CLl1 (6) B164 ... (7)(8)(9) 
A193 B16 nash A193 B6 Iu A193 B8CCL1 (6) 
A193 B6X vis A193 B8MCL1 (6) B166 ... (7)(8)(9) 
A32 L7 (10) A193 B7M (re A193 BSTCL1 (6) 
A320 L7A (10) A193 B8CL2 (11) A193 B8A (6) B335 N10665 (7) 
A320 L7B (10) A193 B8CCL2 (11) A193 B8CA (6) 
A320 L7C (10) A193 B8MCL2 (11) A193 B8MA (6) B408 ... (7)(8)(9) 
A320 L43 (10) A193 BSTCL2 (11) A193 BS8TA (6) 
B43 .. (7) 
A354 BC TO A320 B8CL2 (11) A307 B (12) 
A354 BD nit A320 B8CCL2 (11) B574 N10276 (7) 
A320 BSFCL2 (11) A320 BS8CL1 (6) 
A540 B21 PE A320 B8MCL2 (11) A320 B8CCI. 1 (6) 
A 540 B22 ssd A320 BSTCL2 (11) A320 B8M CL. 1 (6) 
A540 B23 en A320 B8T Cl. 1 (6) 
A540 B24 A449 ... (13) 
A453 651 (14) 
A453 660 (14) 


* For Notes, refer to ASME B16.5, Table 1B. 
Source: Adapted from ASME B16.5, Pipe Flanges and Flanged Fittings, American Society of Mechani- 
cal Engineers, New York, 1996, Table 1B, p. 13. 


TABLE B2.2b Bolting Dimensional Standards Recommendations for Bolts Used with 
ASME B16.5 Flanges 


Product Carbon steel Alloy steel 
Stud bolts ASME B182.1 ASME B18.2.1 
Bolts smaller than % in | ASME B182.1, square or heavy hex | ASME B18.2.1, heavy hex head 
head 


Bolts equal to or larger | ASME B18.2.1, square or hex head ASME B18.2.1, heavy hex head 
than % in 


Nuts smaller than % in | ASME B18.2.2, heavy hex ASME B18.2.2, heavy hex 
Nuts equal to or larger | ASME B18.2.2, hex or heavy hex ASME B18.2.2, heavy hex 
than % in 
Male threads ASME B1.1, Cl. 2A course series ASME B1.1, Cl. 2A course series 


up through 1 in; eight thread series 
for larger bolts 


Female threads ASME B1.1, Cl. 2B course series ASME B1.1, Cl. 2B course series 
up through 1 in; eight thread series 
for larger bolts 


Source: Adapted from ASME B16.5, Pipe Flanges and Flanged Fittings, American Society of Mechani- 
cal Engineers, New York, 1996, Table 1C, p. 14. 
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TABLE B2.3 Pressure-Temperature Ratings for ASME B16.5 Flanges Made from 
Material Group 1.1 Materials 


Working pressure by classes, psigt 


Class 
temps., °F 150 300 400 600 900 1500 2500 
—20 to 100 285 740 990 1480 2220 3705 6170 
200 260 675 900 1350 2025 3375 5625 
300 230 655 875 1315 1970 3280 5470 
400 200 635 845 1270 1900 3170 5280 
500 170 600 800 1200 1795 2995 4990 
600 140 550 730 1095 1640 2735 4560 
650 125 535 715 1075 1610 2685 4475 
700* 110 535 710 1065 1600 2665 4440 
750* 95 505 670 1010 1510 2520 4200 
800* 80 410 550 825 1235 2060 3430 
850* 65 270 355 535 805 1340 2230 
900* 50 170 230 345 515 860 1430 
950* 35 105 140 205 310 515 860 
1000* 20 50 70 105 155 260 430 


* For notes concerning the use of carbon-steel materials covered by this table at temperatures over 
700°F (371°C), see ASME B16.5, Table 2-1.1. 

+ To convert pressures to kPa gage, multiply tabular value by 6.9. 

Source: Adapted from ASME B16.5, Pipe Flanges and Flanged Fittings, American Society of Mechani- 
cal Engineers, New York, 1996, Table 2-1.1, p. 15. 


(343°C), a Class 600 flange is found to have a rating of 1075 psig (7420 kPa gage) 
at 650°F (343°C). Therefore, a Class 600 ASTM A105 flange is suitable for the 
stated conditions. 

When using the tables, linear interpolation between listed temperatures and 
pressures may be employed to determine intermediate pressure ratings. 


Reference Codes and Standards 


The following listing identifies the codes and standards used for most design work 
done for modern power and industrial piping systems. It has been prepared as a 
ready reference. 


The ASME Boiler and Pressure Vessel Code. This Code covers a wide variety of 
pressure-integrity-related design and construction applications. Certain sections of 
the Code provide rules for the design of piping systems: 


Section I: Rules for Construction of Power Boilers 

Section III: Rules for Construction of Nuclear Plant Components 
Section IV: Rules for Construction of Heating Boilers 

Section VIII: Rules for Construction of Pressure Vessels 
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The ASME Pressure Piping Codes. These codes are commonly used for the design 
of commercial power and industrial piping systems: 


B31.1, Power Piping 
B312, Fuel Gas Piping 
B31.3, Process Piping 


B31.4, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, 
Anhydrous Ammonia and Alcohols 


B31.5, Refrigeration Piping 

B31.8, Gas Transmission and Distribution Piping Systems 
B31.9, Building Services Piping 

B31.11, Slurry Transportation Piping Systems 


B31G, Manual for Determining the Remaining Strength of Corroded Pipelines* 
ASME Guide for Transmission and Distribution Piping Systems* 


The ASME Pressure-Integrity Standards. The standards listed below provide de- 
sign and manufacturing criteria for many commonly used piping components: 


B16.1, Cast Iron Pipe Flanges and Flanged Fittings 

B16.3, Malleable Iron Threaded Fittings 

B16.4, Gray Iron Threaded Fittings 

B16.5, Pipe Flanges and Flanged Fittings (NPS Y Through NPS 24) 
B16.9, Factory Made Wrought Steel Buttwelding Fittings 

B16.11, Forged Fittings, Socket-Welding and Threaded 

B16.15, Cast Bronze Threaded Fittings (Class 125 and 250) 

B16.18, Cast Copper Alloy Solder Joint Pressure Fittings 

B16.22, Wrought Copper and Copper Alloy Solder Joint Pressure Fittings 


B16.24, Cast Copper Alloy Pipe Flanges and Flanged Fittings (Class 150, 300, 
400, 600, 900, 1500, and 2500) 


B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes 
B16.28, Wrought Steel Buttwelding Short Radius Elbows and Returns 


B16.33, Manually Operated Metallic Gas Valves for Use in Gas Piping Systems 
up to 125 psig (Sizes ¥% Through 2) 


B16.34, Values—Flanged, Threaded and Welding End 
B16.36, Orifice Flanges 


B16.38, Large Metallic Valves for Gas Distribution (Manually Operated, NPS 
2¥% to 12, 125 psig Maximum) 


B16.39, Malleable Iron Threaded Pipe Unions, Classes 150, 250, and 300 
B16.42, Ductile Iron Pipe Flanges and Flanged Fittings, Classes 150 and 300 
B16.47, Large Diameter Steel Flanges (NPS 26 Through NPS 60) 


* Not an ASME code but listed here for the reader’s convenience. 
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The ASME Dimensional Standards. Listed below are the most commonly used 
piping-related dimensional standards: 


B1.20.1, Pipe Threads, General Purpose (Inch) 
B1.20.3, Dryseal Pipe Threads (Inch) 
B16.10, Face-to-Face and End-to-End Dimensions of Valves 


B16.20, Metallic Gaskets for Pipe Flanges—Ring Joint, Spiral Wound, and 
Jacketed 


B16.21, Non-Metallic Flat Gaskets for Pipe Flanges 
B16.25, Buttwelding Ends 

B36.10M, Welded and Seamless Wrought Steel Pipe 
B36.19M, Stainless Steel Pipe 


PIPING JOINTS 


Joint design and selection can have a major impact on the initial installed cost, the 
long-range operating and maintenance cost, and the performance of the piping 
system. Factors that must be considered in the joint selection phase of the project 
design include material cost, installation labor cost, degree of leakage integrity 
required, periodic maintenance requirements, and specific performance require- 
ments. In addition, since codes do impose some limitations on joint applications, 
joint selection must meet the applicable code requirements. In the paragraphs that 
follow, the above-mentioned considerations will be briefly discussed for a number 
of common pipe joint configurations. Figures illustrating many common piping 
system joints are shown in Chap. A2. 


Butt-welded Joints 


Butt-welding is the most common method of joining piping used in large commercial, 
institutional, and industrial piping systems. Material costs are low, but labor costs 
are moderate to high due to the need for specialized welders and fitters. Long- 
term leakage integrity is extremely good, as is structural and mechanical strength. 
The interior surface of a butt-welded piping system is smooth and continuous which 
results in low pressure drop. The system can be assembled with internal weld 
backing rings to reduce fit-up and welding costs, but backing rings create internal 
crevices, which can trap corrosion products. In the case of nuclear piping systems, 
these crevices can cause a concentration of radioactive solids at the joints, which 
can lead to operating and maintenance problems. Backing rings can also lead to 
stress concentration effects, which may promote fatigue cracks under vibratory or 
other cyclic loading conditions. Butt-welded joints made up without backing rings 
are more expensive to construct, but the absence of interior crevices will effectively 
minimize “crud” buildup and will also enhance the piping system's resistance to 
fatigue failures. Most butt-welded piping installations are limited to NPS 2% (DN 
65) or larger. There is no practical upper size limit in butt-welded construction. 
Butt-welding fittings and pipe system accessories are available down to NPS 4% (DN 
15). However, economic penalties associated with pipe end preparation and fit-up, 
and special weld procedure qualifications normally preclude the use of butt-welded 


DESIGN BASES B.29 


construction in sizes NPS 2 (DN 50) and under, except for those special cases where 
interior surface smoothness and the elimination of internal crevices are of paramount 
importance. Smooth external surfaces give butt-welded construction high aes- 
thetic appeal. 


Socket-welded Joints 


Socket-welded construction is a good choice wherever the benefits of high leakage 
integrity and great structural strength are important design considerations. Con- 
struction costs are somewhat lower than with butt-welded joints due to the lack of 
exacting fit-up requirements and elimination of special machining for butt weld end 
preparation. The internal crevices left in socket-welded systems make them less 
suitable for corrosive or radioactive applications where solids buildup at the joints 
may cause operating or maintenance problems. Fatigue resistance is lower than 
that in butt-welded construction due to the use of fillet welds and abrupt fitting 
geometry, but it is still better than that of most mechanical joining methods. Aes- 
thetic appeal is good. 


Brazed and Soldered Joints 


Brazing and soldering are most often used to join copper and copper-alloy piping 
systems, although brazing of steel and aluminum pipe and tubing is possible. Brazing 
and soldering both involve the addition of molten filler metal to a close-fitting 
annular joint. The molten metal is drawn into the joint by capillary action and 
solidifies to fuse the parts together. The parent metal does not melt in brazed or 
soldered construction. The advantages of these joining methods are high leakage 
integrity and installation productivity. Brazed and soldered joints can be made up 
with a minimum of internal deposits. Pipe and tubing used for brazed and soldered 
construction can be purchased with the interior surfaces cleaned and the ends 
capped, making this joining method popular for medical gases and high-purity 
pneumatic control installations. 

Soldered joints are normally limited to near-ambient temperature systems and 
domestic water supply. Brazed joints can be used at moderately elevated tempera- 
tures. Most brazed and soldered installations are constructed using light-wall tubing; 
consequently the mechanical strength of these systems is low. 


Threaded or Screwed Joints 


Threaded or screwed piping is commonly used in low-cost, noncritical applications 
such as domestic water, fire protection, and industrial cooling water systems. Installa- 
tion productivity is moderately high, and specialized installation skill requirements 
are not extensive. Leakage integrity is good for low-pressure, low-temperature 
installations where vibration is not encountered. Rapid temperature changes may 
lead to leaks due to differential thermal expansion between the pipe and fittings. 
Vibration can result in fatigue failures of screwed pipe joints due to the high stress 
intensification effects caused by the sharp notches at the base of the threads. Screwed 
fittings are normally made of cast gray or malleable iron, cast brass or bronze, or 
forged alloy and carbon steel. Screwed construction is commonly used with galva- 
nized pipe and fittings for domestic water and drainage applications. While certain 
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types of screwed fittings are available in up to NPS 12 (DN 300), economic considera- 
tions normally limit industrial applications to NPS 3 (DN 80). Screwed piping 
systems are useful where disassembly and reassembly are necessary to accommodate 
maintenance needs or process changes. Threaded or screwed joints must be used 
within the limitations imposed by the rules and requirements of the applicable code. 


Grooved Joints 


The main advantages of the grooved joints are their ease of assembly, which results 
in low labor cost, and generally good leakage integrity. They allow a moderate 
amount of axial movement due to thermal expansion, and they can accommodate 
some axial misalignment. The grooved construction prevents the joint from separat- 
ing under pressure. Among their disadvantages are the use of an elastomer seal, 
which limits their high-temperature service, and their lack of resistance to torsional 
loading. While typical applications involve machining the groove in standard wall 
pipe, light wall pipe with rolled-in grooves may also be used. Grooved joints are 
used extensively for fire protection, ambient temperature service water, and low- 
pressure drainage applications such as floor and equipment drain systems and roof 
drainage conductors. They are a good choice where the piping system must be 
disassembled and reassembled frequently for maintenance or process changes. 


Flanged Joints 


Flanged connections are used extensively in modern piping systems due to their 
ease of assembly and disassembly; however, they are costly. Contributing to the 
high cost are the material costs of the flanges themselves and the labor costs for 
attaching the flanges to the pipe and then bolting the flanges to each other. Flanges 
are normally attached to the pipe by threading or welding, although in some special 
cases a flange-type joint known as a lap joint may be made by forging and machining 
the pipe end. Flanged joints are prone to leakage in services that experience rapid 
temperature fluctuations. These fluctuations cause high-temperature differentials 
between the flange body and bolting, which eventually causes the bolt stress to 
relax, allowing the joint to open up. Leakage is also a concern in high-temperature 
installations where bolt stress relaxation due to creep is experienced. Periodic 
retorquing of the bolted connections to reestablish the required seating pressure 
on the gasket face can minimize these problems. Creep-damaged bolts in high- 
temperature installations must be periodically replaced to reestablish the required 
gasket seating pressure. Flanged joints are commonly used to join dissimilar materi- 
als, e.g., steel pipe to cast-iron valves and in systems that require frequent mainte- 
nance disassembly and reassembly. Flanged construction is also used extensively 
in lined piping systems. 


Compression Joints 


Compression sleeve-type joints are used to join plain end pipe without special end 
preparations. These joints require very little installation labor and as such result 
in an economical overall installation. Advantages include the ability to absorb a 
limited amount of thermal expansion and angular misalignment and the ability to 
join dissimilar piping materials, even if their outside diameters are slightly different. 
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Disadvantages include the use of rubber or other elastomer seals, which limits their 
high-temperature application, and the need for a separate external thrust-resisting 
system at all turns and deadends to keep the line from separating under pressure. 
Compression joints are frequently used for temporary piping systems or systems 
that must be dismantled frequently for maintenance. When equipped with the 
proper gaskets and seals, they may be used for piping systems containing air, other 
gases, water, and oil; in both aboveground and underground service. Small-diameter 
compression fittings with all-metal sleeves may be used at elevated temperatures 
and pressures, when permitted by the rules and requirements of the applicable 
code. They are common in instrument and control tubing installations and other 
applications where high seal integrity and easy assembly and disassembly are desir- 
able attributes. 


LOADING CONDITIONS 


In an earlier section, “Definition of the Term Design Bases," loading conditions 
were identified as one of the five principal elements in the definition of the term 
design bases. This section will identify some of the more common loading conditions 
and discuss the way in which they are considered in design. 

Loading conditions may be classified as either sustained or occasional. Sustained 
loads act on the piping system during all or at least the great majority of its operating 
time. These loads are time-invariant. Examples of sustained loads include the dead- 
weight of the pipe plus its contents or the pressure load, including the effects of 
static head. Occasional loads are transient and act during relatively small percentages 
of the system's total operation time. Examples of occasional loads include surges 
due to pump start-up and shutdown or pressure depressions and/or peaks due to 
sudden valve actuations. 


Design Pressure 


The design pressure is the maximum sustained pressure that a piping system must 
contain without exceeding its code-defined allowable stress limits. In single-compart- 
ment systems the design pressure is the maximum differential pressure between 
the interior and exterior portions of the system. In multicompartment systems the 
design pressure is the maximum differential pressure between any two adjacent 
compartments. The design pressure is the pressure that results in the heaviest piping 
wall thickness and/or the highest component pressure rating. The design pressure 
is not to be exceeded during any normal steady-state operating mode of the pip- 
ing system. 

In formulating the design pressure, the designer must consider all potential 
pressure sources. Among the more common sources to be considered are 


* The hydrostatic head due to differences in elevation between the high and low 
points in the system 


* Back-pressure effects 

* Friction losses 

* The shutoff head of in-line pumps 

* Frequently occurring pressure surges 

* Variations in control system performance 
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Variations in System Pressure. As previously indicated, the system design pressure 
is the steady-state or sustained maximum pressure. Sustained conditions are those 
that remain constant over the majority of the total operating time. It is reasonable 
to expect that short-duration transient system pressure excursions in excess of the 
steady-state design pressure will occur during normal system operation. These 
transients, or occasional pressure excursions, may be tolerated without increasing 
the basic system design pressure, provided that the pressure increase does not 
exceed predefined limits and provided that the amount of time that the transients 
act does not exceed a specified percentage of the total system operating time. 

A number of, but not all, piping design codes provide rules to account for 
overpressure transients. Among the codes that provide design criteria or guid- 
ance are 


* The ASME Boiler and Pressure Vessel Code, Section IIL, Rules for Construction 
of Nuclear Power Plant Components 


* Various sections of the ASME Code for Pressure Piping, including 
B31.1, Power Piping 
B31.3, Process Piping 


B31.4, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, 
Anhydrous Ammonia and Alcohols 


B31.11, Slurry Transportation Piping Systems 


The methods used to qualify overpressure conditions for service vary from code 
to code. The ASME Code, Section III, uses a rather complex approach in which 
the range of acceptable overpressure transients is related to the nature of the loading 
combinations being investigated. The loading combinations are known as service 
conditions, and depending upon their severity and frequency of occurrence, pressure 
transients of up to 2 times the design pressure may be tolerated. The interested 
reader is referred to Subsubarticles NB, NC, ND-3600 of Section III for the details. 
In contrast to the complex methods adopted by Section III, ASME B31.4 and 
ASME B31.11 allow pressure transients of up to 10 percent over the system design 
pressure without restricting the amount of time that the transients may act. 

ASME B31.1 and ASME B31.3 provide rules that are about midway in relative 
complexity from the extremes indicated above. As an example, the acceptance 
criteria for occasional loads specified in Paragraph 102.2.4 of the ASME B31.1 
Code for Power Piping are reproduced below: 


Ratings: Allowance for Variation from Normal Operation. The maximum internal 
pressure and temperature allowed shall include considerations for occasional loads and 
transients of pressure and temperature. 

It is recognized that variations in pressure and temperature inevitably occur, and 
therefore the piping system except as limited by component standards referred to in 
Para. 102.2.1 or by manufacturers of components referred to in Para. 102.22, shall be 
considered safe for occasional short operating periods at higher than design pressure 
or temperature. For such variations, either pressure or temperature, or both, may 
exceed the design values if the computed circumferential pressure stress does not 
exceed the maximum allowable stress from Appendix A for the coincident temperature 
by: 


A. 15% if the event duration occurs less than 10% of any 24 hour operating period; 
or 


B. 20% if the event duration occurs less than 1% of any 24 hour operating period. 
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Referring to Paragraph 104.1.2 of the ASME B31.1 code, one finds Eq. (4) for 
the maximum allowable pressure in a straight pipe? 
P= = oe ie ey (B2.1) 
D, DA 2y Cn E A) 
It can be seen from Eq. (B2.1) that the maximum allowable pressure P varies 
directly with the allowable stress S. Therefore, the net effect of Paragraph 102.2.4 
is to allow short-term pressure excursions of from 15 to 20 percent in excess of the 
design pressure, as long as the respective time criteria are met. 
As indicated above, not all piping codes provide rules for accepting transient 
pressure excursions in excess of the design pressure. Sections of the ASME Code 
for Pressure Piping which have no such rules include 


* B31.5, Refrigeration Piping 
* B31.8, Gas Transmission and Distribution Piping Systems 
* B31.9, Building Services Piping 


When designing to a code which has no rules for acceptance of overpressure 
transients, the designer must increase the design pressure to envelop the transient 
condition. If, however, no specific design code is being used as a basis for design 
of a project, the designer may make a reasonable engineering judgment concerning 
the handling of transient overpressure events. In the absence of any other governing 
criteria, the following may be considered: 


For transient pressure conditions that exceed the design pressure by 10 percent 
or less and act for no more than 10 percent of the total operating time, the 
transient may be neglected and the design pressure need not be increased. For 
transients whose magnitude or duration is greater than 10 percent of the design 
pressure or operating time, the design pressure should be increased to envelop 
the transient. 


Determination of the Piping Wall Thickness. The determination of the piping 
wall thickness is one of the most important calculations of the piping system design 
process. In arriving at the final specification of the piping wall thickness, the designer 
must consider a number of important factors: 


* Pressure integrity 

* Allowances for mechanical strength, corrosion, erosion, wear, threading, grooving, 
or other joining processes 

* Manufacturing variations (tolerance) in the wall thickness of commercial pipe 

* Wall thickness reduction due to butt-welding of end preparation (counterboring) 


While a number of different pipe wall thickness design formulas have been 
proposed over the years,’ the ASME piping codes have adopted one or the other 
of the following formulas for pressure-integrity design: 


puel. i. CAReES) (B2.2) 
= XSE- Py) e 


or 


NE (Ref. 6) (B2.3) 
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where t = design minimum wall thickness required to ensure pressure integrity, in 
P — design pressure, psig 
D = outside diameter of pipe, in 
S — allowable stress, psi 
E — weld joint efficiency factor (some codes also specify a casting quality 
factor F for cast piping materials) 
y = dimensionless factor which varies with temperature 


For the precise definition of the method by which either equation is used by 
the codes, the particular code of interest should be consulted. 

Most construction codes require the provision of additional wall thickness, over 
and above that intended to ensure pressure integrity. This additional material 
allowance is provided in accordance with Eq. (B2.4): 


tn =t+e — (Ref.7) (B2.4) 


where t,, = minimum wall thickness required to satisfy the design rules of the code, in 

= wall thickness required to provide pressure integrity [see Eqs. (B2.2) 
and (B2.3)] 

c = additional material allowance, in 


~ 


The additional material allowance c is made up of a number of individual 
allowances that are provided to address different loads or conditions the piping 
system will see during fabrication, installation, and operation. Each allowance is 
figured separately, and their sum is added to the pressure-integrity wall thickness 
to arrive at the final design minimum wall thickness. The major constituents of 
c include 


e Wall thickness added to account for progressive deterioration or thinning of the 
pipe wall in service due to the effects of corrosion, erosion, and wear. 


e Wall thickness added to account for material removed to facilitate joining of the 
various segments of the piping system. Typical joining methods include threading, 
grooving, and swagging. If a machining tolerance is required as a part of the joint 
manufacture, this tolerance must be accounted for in the most conservative 
manner. 


e Wall thickness added to provide mechanical strength. This additional strength 
might be required to resist external operating loads or loads associated with 
shipping and handling 


The effects of pressure result in pipe wall stresses in both the longitudinal and 
circumferential (hoop stress) directions. Typically, the circumferential stress is twice 
the longitudinal stress. Piping wall thickness selections made using hoop stress-type 
formulas, such as (B2.2) and (B2.3), result in excess-material availability in the 
longitudinal direction. In most cases, this excess material is adequate to resist 
bending stresses associated with the deadweight of the pipe, its contents, and in- 
line components such as valves, flanges, and piping specialties. In some cases, such 
as extremely long spans between pipe hangers and piping which is required to 
support unusually large concentrated loads, it may be necessary to increase the 
wall thickness to control bending stresses. Refer to Chap. B4. 


1 In some codes, the term A is used in lieu of c, but the intent is the same. 
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Once the design minimum wall thickness ¢,, is determined, the only remaining 
step is to specify the actual or purchase wall thickness. 

Pipe is manufactured to one of two wall thickness dimensioning procedures: 
minimum wall thickness and nominal wall thickness. 

Pipe purchased to a minimum wall thickness specification will be manufactured 
using special processes to control the wall thickness. These processes may include 
custommade dies, extra rolling passes, or final boring of the inside diameter. Most 
minimum wall pipe is custom-manufactured. The use of minimum wall pipe is 
normally limited to high-pressure, high-temperature applications where the savings 
in material weight is sufficient to offset the additional manufacturing cost. 

Pipe purchased to a nominal wall thickness specification is manufactured in 
accordance with the dimensional criteria specified in ASME Standards B36.10M 
and B36.19M. These standards provide predetermined nominal wall thicknesses, 
or schedules, for various standard outside diameters of commercially manufac- 
tured pipe. 

The tolerance on the wall thickness of pipe varies with the particular manufactur- 
ing process employed and with the relevant manufacturing specification. Rolled 
seamless and seam-welded (without filler metal) pipe has a normal wall thickness 
tolerance of +0, —12% percent. Forged and bored pipe has a wall thickness tolerance 
of +¥% in (3.2 mm), —0. Piping manufactured from rolled and welded plate has a 
wall thickness tolerance of —0.01 in (0.25 mm). There is no plus tolerance for this 
type of pipe. The ASTM (or ASME) specification for the particular piping material 
should be consulted to determine the wall thickness tolerance. Refer to App. ES. 

When piping is to be joined by butt-welding, the pipe ends are frequently counter- 
bored to facilitate fit-up. Counterbore dimensions for standard pipe wall thicknesses 
are given in ASME B16.25. It is important that the net minimum wall thickness 
resulting from the counterboring process be compared with the code minimum wall 
thickness t, to be sure that an under-thickness condition does not occur at the joints. 

Example B2.1 demonstrates how the previously discussed concepts associated 
with the design pressure may be applied to a typical problem. 


Example B2.2—Problem Statement. Two motor-driven boiler feed pumps in- 
stalled on the ground floor of a powerhouse supply 3000 gal/min (11,360 L/min) 
of water at 350°F (177°C) to a boiler drum which is 260 ft (79.3 m) above the pump 
discharge. Each pump discharge is NPS 8 (DN 200) pipe, and the common discharge 
header running up to the boiler drum is NPS 12 (DN 300) pipe. Each pump discharge 
pipe has a manual valve that can isolate it from the main header. A relief valve is 
installed upstream of each pump discharge valve to relieve the excess pressure 
which the pump will develop if the discharge valve is closed while the pump is 
operating. The normal working pressure at the boiler drum is 2520 psig (17,390 
kPa gage). The set pressure of the drum safety valve is 2600 psig (17,940 kPa gage) 
(MAWP of the drum) and the shutoff head of the pumps is 8700 ft (2652 m). The 
piping material is ASTM A106, Grade C with an allowable working stress of 17,500 
psi (121 MPa) over the temperature range of —20°F (—29°C) to 650°F (343°C). The 
corrosion allowance is 0.08 in (2.0 mm), and the design code is ASME B31.1. A 
simplified system diagram is shown in Fig. B2.1. 

Find the required nominal pipe wall thickness for the NPS 12 header (DN 300) 
(zone 1) and the NPS 8 (DN 200) pump discharge lines upstream of the isolation 
valve (zone 2). Also check the adequacy of the pipe wall thickness in zone 2, 
assuming the relief valve on one pump does not operate when the associated 
discharge valve is closed. 
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P=2520 psig ><] i 


BOILER DRUM 


260ft. 


ZONE2 ZONE 1 ZONE 2 ZONE 1 


FIGURE B2.1 Simplified powerhouse boiler feed system. 


Solution. Note that the piping material used in this example is A106, Grade C. 
A106, Grade C material has a higher allowable stress than A106, Grade B. The 
use of Grade C material results in thinner pipe when compared to Grade B. How- 
ever, A106, Grade B is an acceptable material for this application. 

The specific volume of 350°F (177°C) saturated water is 0.01799 ft?/Ibm (1.123 
cm?/g). Correcting the specific volume for the effects of compression to 2500 psig 
(17,250 kPa gage) results in a revised specific volume of 0.01778 ft/Ibm (1.109 cm?/ 
g), or a density of 56.24 Ib/ft? (901 kg/m). The static head P, above the pumps 
due to the elevation of the boiler drum is 


1f? 


Ib 
P4 — 260ft x 56.24 — X oa 
ft 144in 


= 102 Y (704 kPa gage) 

Paragraph PG 61.1 of ASME Section I, Power Boilers, requires the piping in 
Zones 1 and 2 be designed for a pressure equal to the highest setting of any safety 
valve plus 3 percent. In this case the safety valve is set at 2600 psig (17,490 kPa 
gage). Considering the static head of 102 psi (704 kPa gage) and the 3 percent 
margin above the set pressure of 2600 psig (17,940 kPa gage), the minimum design 
pressure for piping is 


2600 + 0.03(2600) + 102 = 2780 psig (19,180 kPa gage) 
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ASME B31.1, Paragraph 122.1.3 (A.1), requires the design pressure of the feed- 
water piping from the boiler, up to and including the required stop valve and check 
valve, to exceed the maximum allowable working pressure by either 25 percent or 
225 psi (1,553 kPa gage), whichever is less. In compliance with this requirement 
the design pressure for the piping must be greater than 2520 + 225 + 102 = 2847 psig. 

Considering the two code issues discussed above, a design pressure of 2850 psig 
(19,670 kPa gage) will be used for this piping. 

ASME B31.1 uses the approach provided by Eqs. (B2.2) and (B2.4) to yield a 
combined minimum wall thickness function represented by Eq. (B2.5): 


PD, 
fn o. (B2.2) 
2(SE + Py) 
ip SPA (B2.4) 
PD, 
(B2.5) 


ty = ISE + Py) +A 
The values of the variables are 
P = 2850 psig (19,670 kPa gage) 
D, = 12.75 in (324 mm) 


S = 17,500 psi (121 MPa) 
y= 04 
A = 0.08 in (2.0mm) 
E=1.0 
Substituting in Eq. (B2.5) yields the following: 
" 2850(12.75) L 0.08 


~ 2(17,500 + 2850 x 0.4) ` 
= 1.055 in (26.8 mm) 


The commercial wall thickness tolerance for seamless rolled pipe is +0, —12% 
percent; therefore, to determine the required nominal wall thickness, t, must be 
divided by 0.875: 


1.055 


= —— = 1.21in (30.7 mm) 
0.875 


tno m 


Referring to ASME B36.10M, the nearest commercial NPS 12 (DN 300) pipe whose 
wall thickness exceeds 1.21 in is Schedule 160 with a nominal wall thickness of 
1.312 in (33.3 mm). Therefore NPS 12 (DN 300), Schedule 160 pipe meeting the 
requirements of ASTM A106 Grade C is chosen for this application. Refer to App. 
E2 and E2M for pipe properties. 

This calculation does not consider the effects of bending the pipe during fabrica- 
tion. If bending during fabrication is planned, the required wall thickness may need 
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to be increased depending upon the radius of the bend. Refer to the design code 
for the appropriate bending allowance. 

Similarly, the required wall thickness for the NPS 8 (DN 200) pipe upstream of 
the isolation valves (zone 2) is calculated. The outside diameter of NPS 8 (DN 200) 
standard pipe is 8.625 in (219 mm). Substituting in Eq. (B2.5) yields: 

" 2850(8.625) 
— 2(17,500 + 2850 x 0.4) 


= 0.739 in 
taom = 0.845 in (21.5 mm) 


+ 0.08 


tn 


The required nominal wall thickness is 0.845 in (21.5 mm). By referring to ASME 
B36.10M, or App. E2 or E2M, NPS 8 (DN 200), XXS pipe with a nominal wall 
thickness of 0.875 in (22.2 mm) is selected. 

The only remaining step is to check the pipe in zone 2 to see if the wall thickness 
is adequate to withstand the pump’s shutoff head. It is reasonable to assume that 
failure of a relief valve to operate is a very low-probability event. The occasional 
load criteria of ASME B31.1, Paragraph 102.2.4 will be invoked, and it will be 
assumed that the pump operation at shutoff head due to a failed relief valve occurs 
less than 1 percent of the time. Therefore, the allowable stress is 20 percent higher 
than the basic Code allowable stress of 17,500 psi (121 MPa). The higher allowable 
stress is denoted as S’ where 


S —120x S 
S’ = 1.20 x 17,500 = 21,000 psi (145 MPa) 


The maximum pressure rating of the NPS 8 (DN 200), XXS pipe is calculated using 
Eq. (B2.1): 
2SE (tm — A) 


M ose RBS CI DR (B2.1) 
D, = 2y (tm AER A) 


For this evaluation, the value of S is set equal to S’, and E = 1.00 for seamless 
pipe; £,, is assumed equal to 87% percent of the nominal wall thickness of the pipe. 


tm = 0.875 x 0.875 = 0.766 in (19.5 mm) 
then 


|. 2x 21,000 (0.766 — 0.08) 
~ 8.625 — 2 x 0.4 (0.766 — 0.08) 
— 3568 psig (24,620 kPa gage) 


The shutoff head of the pump was given as 8700 ft. The density of pressurized 
water at 350°F was previously determined to be 56.24 Ib/ft?. The pressure equivalent 
to the shutoff head may be calculated based upon this density. 


Ib 1 ft? 
P = 8700ft x 56.24— x = 
ft 144 in 


= 3398 psig (23,450 kPa gage) 
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Since the 3568 psig (24,620 kPa gage) occasional pressure rating of the NPS 8 (DN 
200), XXS pipe exceeds the 3398 psig (23,450 kPa gage) shutoff head of the pump, 
the piping is adequate for the intended service. 

The design procedures presented in the foregoing problem are valid for steel 
or other code-approved wrought materials. They are not valid for cast-iron or 
ductile-iron piping and fittings. For piping design procedures, which are suitable 
for use with cast iron, or ductile-iron pipe, see ASME B31.1, Paragraph 104.1.2(B). 


Design Temperature 


The design temperature is the temperature at which the allowable stresses for all 
pressure-retaining parts of the piping system are assigned. The design temperature 
must be equal to or greater than the maximum sustained temperature that the 
pressure-retaining components will experience during all normal and expected ab- 
normal modes of operation. 

The design temperature of the system's pressure-retaining metal parts is normally 
assumed equal to the maximum free-stream fluid temperature. The effects of any 
internal or external heat sources such as heat tracing must be considered, as must 
any temperature excursions occurring as a result of control system error. The design 
temperature should be set at or above the peak of these temperature excursions. 

While the pressure-integrity design is based upon the design temperature, most 
other thermally related aspects of the design are based upon the normal operating 
temperature. The normal operating temperature is the temperature achieved by the 
system fluid while the system is operating in full-load, steady-state, nontransient 
conditions. It is lower than the design temperature. The normal operating tempera- 
ture is used as the basis for all thermal design analyses that relate to the structural 
integrity of the piping system, including the thermal flexibility analysis, the spring 
hanger sizing and setting calculations, and the thermally induced anchor movement 
calculations. If a system has more than one “normal” operating mode (i.e., the 
system runs at different temperatures or has branches that run at different tempera- 
tures for different operating modes), then multiple thermal analysis calculations at 
all normal operating temperatures may be necessary to fully qualify the design. 


Deadweight 


The deadweight (self-weight) of a piping system consists of the sum of the distributed 
loads from the weight of the pipe itself, its thermal insulation, and/or other uniformly 
applied covering materials, plus the sum of the weights of any permanently installed 
concentrated loads such as valves, strainers, or other in-line appurtenances. 
External loads on the piping system such as wind loads, snow and ice loads, and 
the weight of the fluid contents are considered as live loads. They are distinct from 
deadweight in that live loads may be variable both in magnitude and/or in the 
percentage of the total system operating time during which they act. An additional 
distinction is that the effects of live loads may be removed from the piping system 
while those of deadweight may not (without dismantling the system, of course). 
Both the ASME Boiler and Pressure Vessel Code, Section I, Power Boilers, and 
the ASME B31.1 Code, Power Piping, require that the effects of deadweight and 
other sustained loads be considered in verifying the pressure integrity of compo- 
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nents. Subpart PG-22 of ASME Section I, Power Boilers, provides the following 
generalized rule: 


Stresses due to hydrostatic head shall be taken into account in determining the minimum 
thickness required unless noted otherwise. Additional stresses imposed by effects other 
than working pressure or static head, which increase the average stress by more than 
1096 of the allowable working stress, shall also be taken into account. These effects 
include the weight of the component and its contents, and the method of support. 


ASME B31.1, Power Piping, specifies more definitive rules to account for the 
effects of deadweight. Paragraph 104.8 provides closed-form equations to evaluate 
the effect of the simultaneous application of the internal pressure, deadweight, and 
other sustained loads on the design of a piping system. Equation 11 is used to 
calculate the piping system stress and to compare the calculated stress with code 
acceptance criteria. Details of this analytical approach are discussed in Chap. B4. 


Wind Load 


The majority of all piping system installations are indoors where the effects of wind 
loading can be neglected. However, there are sufficient numbers of outdoor piping 
installations where wind loading can be a significant design factor. Wind load, like 
deadweight, is a uniformly distributed load that acts along the entire length, or that 
portion of the piping system that is exposed to the wind. The difference is that 
while deadweight loads are oriented in the downward vertical direction, wind loads 
are horizontally oriented and may act in any arbitrary direction. Since wind loads 
are oriented in the horizontal direction, the regular deadweight support system of 
hangers and anchors may have little or no ability to resist these loads. Consequently, 
when wind loading is a factor, a separate structural evaluation and wind load support 
system design is required. 

Determination of the magnitude of the wind loadings is based upon empirical 
procedures developed for the design of buildings and other outdoor structures. 
Analysis of piping system stresses and support system loads is accomplished by 
using techniques that are similar to those applied for deadweight design. Details 
of these procedures are discussed in Chap. B4. 


Snow and Ice Loads 


Snow and ice loads, like wind loads, need to be considered in the design of piping 
systems which are installed outdoors, particularly if the installation is made in the 
northern latitudes. Since snow and ice loads act in the vertical direction, they are 
treated the same as deadweight loads. In design, they are simply added as distributed 
loads in the deadweight analysis, as discussed earlier in the section “Deadweight” 
and in Chap. B4. 


Snow Loads. ANSI/ASCE 7—95, Minimum Design Loads for Buildings and Other 
Structures,’ provides recommendations and data for developing design loadings due 
to snow. The methods used in this standard are generally applicable to sloping or 
horizontal flat surfaces such as building roofs or grade slabs. While the methods 
of ANSI/ASCE 7-95 are completely appropriate for extended flat surfaces, they 
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may be too conservative for application to a smooth, round, horizontal pipe which 
will tend to shed most of the snowfall which may land upon it. The data provided 
in ANSI/ASCE 7-95 can, however, be used as part of a rational method to estimate 
the maximum probable snow load on an outdoor piping system, and the following 
procedure may be adopted for piping. 

Table B2.4 provides ground snow loading data for 204 locations where those 
data are measured. The column marked 2% Annual Probability represents the 
loading associated with the maximum probable snowfall that is likely to occur in 
a 50-year period. Based upon the data from Table B2.4, the following relationship 
for the design snow load for outdoor piping systems may be used: 


1 
W, = 5 Posso (B2.6) 
where W, — design snow load to be added to other distributed loads acting on pipe, 


Ib/ft 

D, — outside diameter of pipe or insulation, ft 

Ss = 2 percent probability snow loading for nearest appropriate location 
from Table B2.4, lb/ft? 


This formula assumes the snow remaining on the pipe will take the shape of an 
equilateral triangle whose base equals the outside diameter of the pipe. 


Ice Loads. ce storms are sporadic in the frequency of their occurrence and in 
their intensity. Weather records dating back to the turn of the 20th century for a 
typical midwestern state relate instances of ice storm deposits of Vs in (3.2 mm) to 
4 in (102 mm) in thickness. The American Weather Book" cites examples of ice 
accumulations of up to 8 in (203 mm) in northern Idaho (1961) and 6 in (152 mm) 
in northwest Texas (1940) and New York State (1942). 

The paper “Estimated Glaze Ice and Wind Loads at the Earth's Surface for the 
Contiguous United States"! documents the results of a comprehensive study of ice 
storm records over the 50-winter period from 1919-1920 through 1968-1969. A 
statistical evaluation of the data indicates that 50-year maximum probable values 
for ice deposits from a single storm vary over the range of 2 in (51 mm) to 3 in 
(76 mm), with the larger accumulations occurring in the upper midwest, far west, 
and northeast and the smaller accumulations occurring in the lower midwest and 
southeast. Given the relative infrequency of ice storms, this range probably repre- 
sents a reasonable value for design. It is suggested that the designer contact local 
weather or agricultural authorities to determine whether any better region-specific 
data exist. 

Once the appropriate design thickness is determined, the following formula may 
be used to estimate the unit loadings on an exposed pipeline due to ice accumulation: 


W/L = 1.36t(D, + t) (B2.7) 
where W/L = unit loading on pipe, lb/ft 
D, = outside diameter of pipe or insulation lagging, in 
t = assumed iced covering thickness, in 


Table B2.5 provides a tabulation of ice loadings based upon Eq. (B2.7) for piping 
systems up to 30 in (762 mm) in outside diameter and ice thicknesses up to 3 in 
(76 mm). 


TABLE B2.4 Ground Snow Loads at 204 National Weather Service Locations at Which 


Measurements Are Made 


Ground snow load* (lb/ft?) 


Ground snow load* (lb/ft?) 


Years of Maximum 296 Annual Years of Maximum 296 Annual 
Location record observed probability Location record observed probability 

ALABAMA DELAWARE 

Birmingham 40 4 3 Wilmington 39 12 16 

Huntsville 33 7 5 GEORGIA 

Mobile 40 1 1 Athens 40 6 5 
ARIZONA Atlanta 39 4 3 

Flagstaff 38 88 48 Augusta 40 8 7 

Tucson 40 3 3 Columbus 39 1 1 

Winslow 39 12 7 Macon 40 8 7 
ARKANSAS Rome 28 3 3 

Fort Smith 37 6 5 

Little Rock 24 6 6 a id 38 8 9 
CALIFORNIA Lewi 

: ewiston 37 6 9 

Bishop ^ $ T Pocatello 40 12 10 

Blue Canyon 26 213 242 

Mt. Shasta 32 62 62 ILLINOIS 

Red Bluff 34 3 3 Chicago—O'Hare 32 25 17 
COLORADO Chicago—Midway 26 37 22 

Alamosa 40 14 14 Moline 39 21 19 

Colorado Springs 39 16 14 Peoria 39 27 15 

Denver 40 22 18 Rockford 26 31 19 

Grand Junction 40 18 16 Springfield 40 20 21 

Pueblo 33 7 7 INDIANA 
CONNECTICUT Evansville 40 12 17 

Bridgeport 39 21 24 Fort Wayne 40 23 20 

Hartford 40 23 33 Indianapolis 40 19 22 

New Haven 17 11 15 South Bend 39 58 41 


TABLE B2.4 Ground Snow Loads at 204 National Weather Service Locations at Which 


Measurements A re Made (Continued ) 


Ground snow load* (lb/ft?) 


Ground snow load* (lb/ft?) 


Y ears of Maximum 2% Annual Y ears of Maximum 2% Annual 
Location record observed probability Location record observed probability 
IOWA MICHIGAN (Continued ) 
Burlington 11 15 17 Grand Rapids 40 32 36 
Des Moines 40 22 22 Houghton Lake 28 33 48 
Dubuque 39 34 32 Lansing 35 34 36 
Sioux City 38 28 28 Marquette 16 44 53 
Waterloo 33 25 32 Muskegon 40 40 51 
KANSAS Sault Ste. Marie 40 68 TI 
Concordia 30 12 17 MINNESOTA 
Dodge City 40 10 14 Duluth 40 55 63 
Goodland 39 12 15 International Falls 40 43 44 
Topeka 40 18 17 Minneapolis-St. Paul 40 34 51 
Wichita 40 10 14 Rochester 40 30 47 
KENTUCKY St. Cloud 40 40 53 
Covington 40 22 13 MISSISSIPPI 
Jackson 11 12 18 Jackson 40 3 3 
Lexington 40 15 13 Meridian 39 2 2 
Louisville 39 11 12 MISSOURI 
LOUISIANA Columbia 39 19 20 
Alexandria 17 2 2 Kansas City 40 18 18 
Shreveport 40 4 3 St. Louis 37 28 21 
MAINE Springfield 39 14 14 
Caribou 34 68 95 MONTANA 
Portland 39 51 60 Billings 40 21 15 
MARYLAND Glagsow 40 18 19 
Baltimore 40 20 22 Great Falls 40 22 15 
MASSACHUSETTS Havre 26 22 24 
Boston 39 25 34 Helena 40 15 17 
Nantucket 16 14 24 Kalispell 29 27 45 
Worcester 33 29 44 Missoula 40 24 22 
MICHIGAN NEBRASKA 
Alpena 31 34 48 Grand Island 40 24 23 
Detroit City 14 6 10 Lincoln 20 15 22 
Detroit Airport 34 27 18 Norfolk 40 28 25 
Detroit—Willow 12 11 22 North Platte 39 16 13 
Flint 37 20 24 Omaha 25 23 20 


TABLE B2.4 Ground Snow Loads at 204 National Weather Service Locations at Which 


Measurements Are Made (Continued) 


Ground snow load* (Ib/ft?) 


Ground snow load* (Ib/ft?) 


Years of Maximum 2% Annual Years of Maximum 2% Annual 
Location record observed probability Location record observed probability 
NEBRASKA (Continued ) NORTH CAROLINA 
Scottsbluff 40 10 12 (Continued ) 
Valentine 26 26 22 Wilmington 39 14 7 
NEVADA Winston-Salem 12 14 20 
Elko 12 12 20 NORTH DAKOTA 
Ely 40 10 9 Bismark 40 27 27 
Las Vegas 39 3 3 Fargo 39 27 41 
Reno 39 12 11 Williston 40 28 27 
Winnemucca 39 7 7 OHIO 
NEW HAMPSHIRE Akron-Canton 40 16 14 
Concord 40 43 63 Cleveland 40 27 19 
NEW JERSEY Columbus 40 11 11 
Atlantic City 35 12 15 Dayton 40 18 11 
Newark 39 18 15 Mansfield 30 31 17 
NEW MEXICO Toledo 36 10 10 
Albuquerque 40 6 4 Youngstown 40 14 10 
Clayton 34 8 10 OKLAHOMA 
Roswell 22 6 8 Oklahoma City 40 10 8 
NEW YORK Tulsa 40 5 8 
Albany 40 26 27 OREGON 
Binghamton 40 30 35 Astoria 26 2 3 
Buffalo 40 41 39 Burns 39 21 23 
NYC—Kennedy 18 8 15 Eugene 37 22 10 
NYC—LaGuardia 40 23 16 Medford 40 6 6 
Rochester 40 33 38 Pendleton 40 9 13 
Syracuse 40 32 32 Portland 39 10 8 
NORTH CAROLINA Salem 39 5 7 
Asheville 28 7 14 Sexton Summit 14 48 64 
Cape Hatteras 34 5 5 PENNSYLVANIA 
Charlotte 40 8 11 Allentown 40 16 23 
Greensboro 40 14 11 Erie 32 20 18 
Raleigh-Durham 36 13 14 Harrisburg 19 21 23 


TABLE B2.4 Ground Snow Loads at 204 National Weather Service Locations at Which 


M easurements A re Made (Continued ) 


Ground snow load* (lb/ft?) 


Ground snow load* (lb/ft?) 


Y ears of Maximum 2% Annual Y ears of Maximum 2% Annual 
Location record observed probability Location record observed probability 
PENNSYLVANIA UTAH 
(Continued ) Milford 23 23 14 
Philadelphia 39 13 14 Salt Lake City 40 11 11 
Pittsburgh 40 27 20 Wendover 13 2 3 
Scranton 37 13 18 VERMONT 
Williamsport 40 18 21 Burlington 40 43 36 
RHODE ISLAND VIRGINIA 
Providence 39 22 23 Dulles Airport 29 15 23 
SOUTH CAROLINA Lynchburg 40 13 18 
Charleston 39 2 2 National Airport 40 16 22 
Columbia 38 9 8 Norfolk 38 9 10 
Florence 23 3 3 Richmond 40 11 16 
Greenville-Spartanburg 24 6 7 Roanoke 40 14 20 
SOUTH DAKOTA WASHINGTON 
Aberdeen 27 23 43 Olympia 40 23 22 
Huron 40 41 46 Quillayute 25 21 15 
Rapid City 40 14 15 Seattle-Tacoma 40 15 18 
Sioux Falls 39 40 40 Spokane 40 36 42 
TENNESSEE Stampede Pass 36 483 516 
Bristol 40 7 9 Yakima 39 19 30 
Chattanoga 40 6 6 WEST VIRGINIA 
Knoxville 40 10 9 Beckley 20 20 30 
Memphis 40 7 6 Charleston 38 21 18 
Nashville 40 6 9 Elkins 32 22 18 
TEXAS Huntington 30 15 19 
Abilene 40 6 6 WISCONSIN 
Amarillo 39 15 10 Green Bay 40 37 36 
Austin 39 2 2 La Crosse 16 23 32 
Dallas 23 3 3 Madison 40 32 35 
El Paso 38 8 8 Milwaukee 40 34 29 
Fort Worth 39 5 4 WYOMING 
Lubbock 40 9 11 Casper 40 9 10 
Midland 38 4 4 Cheyenne 40 18 18 
San Angelo 40 3 3 Lander 39 26 24 
San Antonio 40 9 4 Sheridan 40 20 23 
Waco 40 3 2 
Wichita Falls 40 4 5 


* To convert ground loadings to kN/m?, multiply tabular value by 0.0479. 


Source: Adapted from ANSI/ASCE 7-95, Minimum Design Loads for Buildings and Other Structures, American 


Society of Civil Engineers, New York, 1996, Table C7-1. 
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TABLE B2.5 Weight Loadings for Ice Coatings on Horizontal Pipelines 


Pipe or lagging 


actual outside Ice coating thickness [in (mm)] 
diameter 
D, [in (mm)] 4(64) HAT 1(254) 1%(38)  2(3)  3(76 
2 (51) 0.8 1.7 4.0 7A 10.9 20.4 
2% (64) 0.9 2.0 4.8 8.2 12.2 22.4 
3 (76) 1.1 2.4 5.4 9.2 13.6 24.5 
4 (102) 1.5 3.1 6.8 11.2 16.3 28.6 
6 (152) 2.1 4.4 9.5 15.3 21.8 36.7 
8 (203) 2.8 5.8 12.2 19.4 2:2. 44.9 
10 (254) 3.5 7.1 15.0 23.5 32.6 53.1 
12 (305) 4.2 8.5 17.7 27.5 38.1 61.2 
14 (356) 4.8 9.9 20.4 31.6 43.5 69.4 
16 (406) 5.5 11.2 23.1 35.7 49.0 71.5 
18 (457) 6.2 12.6 25.8 39.8 54.4 85.7 
20 (508) 6.9 13.9 28.6 43.9 59.8 93.8 
22 (559) 7.6 15.3 31.3 47.9 65.3 102 
24 (610) 8.3 16.7 34.0 52.0 70.7 110 
26 (660) 8.9 18.0 36.7 56.1 76.2 118 
28 (711) 9.6 19.4 39.4 60.2 81.6 127 
30 (762) 10.3 20.7 42.2 64.3 87.0 135 


Note: Ice thickness t, in. Loadings are in pounds per foot. To convert loadings to kg/m, multiply tabular 
loadings by 1.488. 


Seismic (Earthquake) Loads 


Under certain circumstances it is necessary or desirable to design a piping system to 
withstand the effects of an earthquake. Although the applications are not extensive, 
piping system seismic design technology is well developed and readily accessible. 
Many currently available piping stress analysis computer programs are capable of 
performing a detailed seismic structural and stress analysis, in addition to the 
traditional deadweight and thermal flexibility analyses. Most of these programs run 
on desktop microcomputers. 

Because of the higher construction costs and design complexities introduced by 
the application of seismic design criteria, this type of work is normally done only 
in response to specific regulatory, code, or contractual requirements. An overview 
of these applications is outlined in the following paragraphs. 


Nuclear Power Plants. Title 10, Part 50, of the Code of Federal Regulations 
requires that safety-related piping systems* in nuclear power plants be designed to 
withstand the effects of certain severe natural phenomena, including earthquakes.” 

In general, seismic analysis of nuclear power plant piping is done to demonstrate 
that the piping system satisfies one of two specific objectives: 


* A simplified definition of a safety-related system is one whose failure could result in a reduced 
capacity to mitigate the effects of an accident or which could ultimately result in the uncontrolled release 
of radioactivity into the environment. See Refs. 13 and 14. 
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Operability. | Under this objective, the design of the piping system is such that 
it will retain its pressure-integrity status and remain capable of performing its design 
function before, during, and after the occurrence of a postulated seismic event at 
the plant site. Piping systems designed to meet operability criteria must normally 
comply with code-specified stress limits during the postulated earthquake. 

Structural Integrity. Piping designed to this objective is not required to remain 
functional or to retain its pressure integrity during or after an earthquake. The only 
requirement is that the piping system retain its gross structural integrity so that it 
does not deflect excessively or cause the generation of secondary missiles. Either 
condition could cause impact and subsequent unacceptable damage to adjacent 
safety-related structures, systems, or components. Piping designed under this classi- 
fication is normally allowed to attain stress levels, due to seismic excitation, well in 
excess of normal code limits. Of all modern industrial and commercial applications, 
nuclear power plant piping systems represent the largest single class of seismically 
qualified piping systems in service. It is estimated that the typical nuclear power 
unit contains approximately 100,000 ft of seismically qualified piping." It is safe to 
say that the nuclear piping industry is the largest single contributor to the technology 
of seismic design of piping systems. 


General Building Codes. Some building codes have rules devoted to the seismic 
design of buildings and other structures. Two examples of such codes are The 
Uniform Building Code!’ and The BOCA National Building Code." In addition to 
these two codes, ANSI/ASCE 7-95, Minimum Design Loads for Buildings and 
Other Structures,’ provides extensive guidance in the area of seismic design. Note 
that while both of the above-mentioned codes are intended to be national in scope 
and applicability, neither is mandatory unless specifically adopted by local statute 
or ordinance. Both ANSI/ASCE 7-95 and the BOCA code are specifically applica- 
ble to all piping systems NPS 2% (DN 65) and larger in nominal pipe size, with 
smaller limits of applicability stated for piping systems in boiler rooms [NPS 11⁄4 
(DN 32) and larger] and natural gas piping [NPS 1 (DN25) and larger]. The Uniform 
Building Code is only applicable to fire protection sprinkler piping systems. Since 
both the Uniform Building Code and the BOCA code are more specific to the design 
of buildings and related structures, their application to piping systems requires some 
interpretation on the part of the designer. It is therefore recommended that the 
piping designer who intends to apply these codes maintain a close liaison with 
jurisdictional authorities. 


Contractual Arrangements. Under certain specific circumstances, an agreement 
might be reached to seismically design a piping system; this agreement would be 
made between the owner-operator of the system and another organization which 
has a vested financial interest in it, such as an insurance carrier. An example might 
involve the construction of a pipeline which carries a hazardous fluid through a 
seismically active region where no statutory design requirement exists. Under such 
circumstances the insurance carrier might require the owner to seismically design 
the line to limit the risk of rupture during a seismic event. Should a piping designer 
become involved in such an arrangement, every effort should be made to ensure 
that the design criteria are carefully specified, understood, and agreed to by all 
parties prior to starting design work. 


Methods of Analysis. ‘There are three methods of analysis in common use for the 
seismic design of piping systems: the static coefficient method, the response spectra 
modal analysis method, and the time history analysis method. 'The static coefficient 
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method is the easiest to apply, but due to simplifying assumptions, it provides a 
very conservative design. The response spectra modal analysis method is about 
midway in complexity and provides a lesser degree of conservatism. This is the 
method used for the majority of piping system analysis and design. The time history 
analysis method is the least conservative and the most difficult to apply. This 
approach is used only when the most exacting (and least conservative) results are 
required. All three methods are discussed, in detail, in Chap. B4. 


Effects of Seismic Analysis on Overall Design. The design costs associated with 
seismic analysis of a piping system go far beyond the simple costs of analyzing the 
piping system for “just one more load." A piping system is usually a subordinate 
part of a larger structure, typically a building. Prior to analyzing the piping system 
to determine its seismic behavior, the analyst must first develop the forcing function. 
This involves a detailed analysis of the building structure itself to determine its 
response to the ground motion associated with the postulated earthquake. Develop- 
ment of the postulated ground motion normally requires the consideration of actual 
earthquake-induced ground motion data taken from geologically similar sites where 
earthquakes have actually been experienced. It can be seen that the seismic analysis 
of the piping system is really just the top layer of a multitier design exercise that 
requires the consideration of the dynamic interaction of a number of complex 
structures. Such an exercise requires a considerable expenditure of human resources 
and computer time. 

Seismic qualification of a piping system also leads to greatly increased construc- 
tion costs. Some of the principal contributors to those costs include the following: 

Higher Loads. If the frequency content of the seismic excitation forces is 
coincident with the natural frequencies of the piping system, resonant amplification 
of the forcing function loads will occur. The resulting support system loads will be 
much higher than corresponding loads caused by deadweight effects alone. These 
higher loads translate to heavier, and consequently more expensive, supporting 
structures. 

Multiple Load Paths. The multidirectional load characteristics of an earth- 
quake acting on seismically qualified piping systems invariably result in the applica- 
tion of upward and/or lateral reactions on the building structure which would not 
be present in a typical static design. 

Special Supporting Devices. Seismic design of high-temperature piping systems 
represents an especially challenging exercise. Thermal expansion effects require 
that the piping system be flexibly supported to allow for free thermal growth. The 
dynamic aspects of the design usually require that the piping system be rigidly 
supported during the earthquake to transfer the seismic loads back into the building 
structure. The simultaneous consideration of these diametrically opposite require- 
ments results in the need to use a significant number of specialized (and therefore 
expensive) pipe support devices called snubbers. Snubbers lock up and carry load 
when subjected to the rapidly varying vibratory loads associated with an earthquake, 
yet remain free to permit thermal movement of the piping system during the 
relatively slow expansion or contraction caused by temperature changes. 


Hydraulic Transient Loads 


Of all the loading conditions that a piping system may experience in service, hydrau- 
lic transients are among the most damaging. The most common form of damage 
caused by hydraulic transient loads is the failure of pipe supports and supporting 
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structures. However, occasional breaches of pressure integrity are also experienced, 
particularly where large-diameter thin-walled pipe is involved. 

Two common types of hydraulic transient loads are waterhammer and relief 
valve discharge. These two load sets are discussed in detail below. 


Waterhammer. If the velocity of water or other liquid flowing in a pipe is suddenly 
reduced, a pressure wave results which travels up and down the piping system at 
the speed of sound in the liquid. Depending upon the initial velocity and physical 
properties of the liquid and the mechanical properties of the piping system, the 
peak value of the pressure wave may exceed the steady-state pressure. 

Waterhammer frequently occurs in systems that are subject to rapid changes in 
fluid flow rate, including systems with rapidly actuated valves, fast-starting pumps, 
and check valves. It is most severe in systems which convey fully condensed liquids; 
however, it is possible to develop waterhammer-type pressure transients in systems 
containing two-phase fluids and gases, although the magnitude of the pressure rise 
for these systems will generally be lower. The techniques used to calculate the 
magnitude of a waterhammer-induced pressure rise are discussed in Chap. B8. 

Waterhammer must be considered in the design of those systems where it is 
likely to occur. For systems designed to codes that provide higher allowable stress 
criteria for occasional loads, the waterhammer-induced peak pressure should be 
evaluated under that loading category. For systems designed to codes which do not 
provide alternative design criteria for occasional loads, the design pressure may be 
set high enough to envelop the waterhammer-induced peak pressure. The designer 
is cautioned that this approach can result in an extremely conservative design, which 
may be prohibitively expensive. Consequently consideration of alternatives may 
be required. 


Relief Valve Discharge Loads. Because of their rapid opening characteristics and 
generally high flow rates, the actuation of relief valves frequently results in the 
application of significant loads to the associated piping system. These loads are 
caused by the differential pressures across the valves, differential pressure between 
the valve discharge and the downstream discharge piping, and differential pressure 
between the discharge piping and the receiver or atmosphere. In addition, momen- 
tum effects caused by velocity changes at high flow rates result in secondary loads, 
which act on the attached (or nonattached) piping. These secondary loads must be 
reacted to by the supporting structures. Actual pipe stress levels in inadequately 
designed relief valve installations can exceed code-allowable values, and failures 
of such installations are common. Depending upon the pressure and temperature 
conditions of the system fluid, such failures can represent a personnel safety hazard 
as well as a costly economic issue. 

To assist the piping designer in developing a safe and functional relief valve 
installation, Appendix II of ASME B31.1, Power Piping, was developed and issued. 
This nonmandatory appendix to the code provides an extensive treatment of the 
relevant factors which must be considered to produce a successful design. Relief 
valve discharge loadings typically occur during a very small percentage of the total 
system operating time; consequently, they can be treated as occasional loads. The 
design for load combinations that include these hydraulic transients can therefore 
be based upon the higher code-defined stress limits. 


Acoustically Induced Vibration Loads 


When a piping system is exposed to fluctuating pressure disturbances, or pulsations, 
it frequently responds by vibrating. The magnitude and nature of the piping system 
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vibration are dependent upon the frequency and energy content of the excitation. 
Low- to moderate-level periodic excitation, such as the pressure pulsations from 
positive-displacement or constant-speed centrifugal pumps, will not ordinarily excite 
significant levels of response in the piping system as long as the excitation frequencies 
are well removed from the natural vibrating frequencies of the pipe. If the pulsation 
frequency of the disturbance coincides with the natural frequencies of the piping 
system, however, resonant vibration can occur. Resonant response normally results 
in vibratory amplitudes many times that which would occur if the disturbance did 
not coincide with the natural frequencies of the piping system. Broad-spectrum or 
random excitation of the type associated with cavitation, bubble collapse, and 
extreme pressure reductions can also lead to resonant vibration. This type of vibra- 
tion is known as self-excited vibration. The piping system draws energy from the 
broad-spectrum excitation and responds by vibrating at its own fundamental or 
harmonic natural frequencies. 

Resonant response, whether due to the effects of fixed frequency or random 
excitation, can lead to unacceptable piping system damage. Cyclical stress reversals 
associated with resonant vibration can result in short-term fatigue failures, which 
may occur after only a few hours or days of operation. Reduction in the cyclical stress 
levels and attendant failures can be accomplished through a number of approaches. 

When the excitation is a constant-frequency disturbance, “decoupling” the vi- 
brating piping system from the source of excitation can often be accomplished by 
changing the frequency of the excitation. If the disturbance comes from a positive- 
displacement pump, changing the running speed will change the disturbance fre- 
quency. If a centrifugal pump is involved, a change in running speed or in the 
number of vanes on the impeller may have a beneficial effect. 

Changing the natural response frequencies of the piping system can also mitigate 
the effects of fixed-frequency vibration. Again, the objective is to decouple or 
*detune" the piping system relative to the disturbance. This can often be accom- 
plished by adding supplemental bracing to the pipe or by breaking the system into 
smaller segments by introducing flexible elements. 

When the excitation is broad spectrum or random in nature, detuning by changing 
the piping system natural frequencies is usually not effective in solving the vibration 
problem. The modified piping system will continue to draw energy from the broad- 
spectrum excitation and will vibrate at its new natural frequencies. Mitigation of 
this class of problems usually requires the reduction of the energy level of the 
excitation or the “strengthening” of the piping system. 

A large number of broad-spectrum vibration problems are the result of high- 
differential pressure reduction systems." Excitation (noise) reduction for these types 
of systems can often be accomplished by the use of low-noise cage-type pressure- 
reducing valves or multiple orifices arranged for staged pressure reduction. In other 
cases, where the excitation is the result of turbulence, geometric changes to the 
piping system to smooth out the flow or reduce average and local velocities can 
have a beneficial effect. 

The objective of the strengthening process is the reduction of piping system 
stresses to a level where fatigue failures are substantially eliminated. Much can be 
accomplished by the elimination of stress concentrations through the removal of 
geometric discontinuities. Examples of these discontinuities include hanger lugs, 
insulation supports, and small pipe (vent, drain, test, etc.) connections. Additionally, 
where changes in section are required, they should be effected by gradual, smooth 
changes in contour and generous fillet radii. 

Special attention should be paid to all in-line welding done on pipelines that 
are subject to fluid-induced vibratory loadings. The use of inert-gas root pass welding 
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with filler metal addition is recommended. This technique reduces the potential 
for the formation of critical root defects, which can lead to crack initiation and 
propagation. Radiographic and ultrasonic examinations done in excess of the mini- 
mum requirements may prove cost-effective in identifying stress-intensifying volu- 
metric defects. Where such examinations are planned, weld backing rings should 
not be used since they complicate the job of interpreting the examination results. 

Finally, the use of pipe wall thickness in excess of that required for pressure- 
integrity design alone has been found to be beneficial in mitigating the effects of 
fluid transient loads. 

An experience was encountered which required the replacement of the main 
turbine bypass piping on a large nuclear unit because of multiple short-term acousti- 
cally induced vibration failures. The original system was made up of NPS 30 (DN 
750) and NPS 24 (DN 600) X % in (10-mm) wall pipe. The original design of 
the piping wall thickness was based upon pressure-integrity considerations alone. 
Several pressure boundary failures were experienced at pipe support lugs, hanger 
clamps, and vent and drain connections after only a few hours of operation. The 
replacement material was NPS 30 (DN 750) X 1-in (25.4-mm) wall and NPS 24 
(DN 600) X 1%-in (31.5-mm) wall. In addition, special attention was paid to the 
elimination of nonaxisymmetric discontinuities and minor welded attachments. Lugs 


BEFORE AFTER 
AXIAL LOADS RESISTED BY LUGS AXIAL LOADS RESISTED BY RINGS 


FIGURE B2.2 Use of shear rings instead of lugs to reduce localized pipe 
wall stress. 


were replaced by rings, as shown in Fig. B2.2, and unnecessary small pipe connections 
were removed. The upgraded system has been operated extensively without experi- 
encing any further pressure boundary failures. 

Since systems subject to flow-induced vibratory loads usually see those loads 
over much of their service life, their design should be based upon sustained loading 
criteria with no increase permitted in allowable stress. 


Relative Anchor Movements 


Every piping system requires some type of support system to function properly. 
The piping system can be supported from a building or other structure on traditional 
pipe hangers or from the ground on piers or bents. It even can be supported from 
another piping system. As long as all the piping system's support points remain 
motionless relative to the piping system and relative to one another, the system is 
unaffected. However, if some of the piping system's supports move relative to the 
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pipe or relative to one another, the piping system will attempt to follow that motion 
and will experience a change in its state of stress. This condition is called relative 
anchor movement. 

Relative movements of a piping system's supports can be caused by a number 
of phenomena. Some of the more common causes include 


* Thermal expansion-related movement of the connection point on a larger piping 
system, where the subject system is attached 


* Earthquake-induced relative movements of the various points on a building's 
structure where the subject piping system is supported 


* Thermal expansion or mechanically induced movements of a piping connection 
(nozzle) on a machine, pressure vessel, or heat exchanger 


The amount of stress, or more properly stated, the change in stress, that a piping 
system experiences from relative anchor movements is a function of two variables: 
the magnitude of the anchor movement and the stiffness of the system. As one 
might expect, larger movements will result in greater changes in stress. Moreover, 
for a given magnitude of movement, stiffer piping systems will experience greater 
changes in stress than those that are less stiff. In general, systems that are shorter, 
have fewer changes in direction, and are made up of larger-diameter pipe are stiffer 
than those for which the opposite conditions are true. 

Certain phenomena result in a loading case in which both the magnitude and 
direction of the piping system's terminal movements are known, such as movements 
resulting from the thermal expansion of a pipe. In such a case, the known magnitudes 
and directions of the anchor movement are input to the piping system stress analysis, 
and the attendant stress levels are predicted. 

There are other cases, however, in which only the magnitude of the anchor 
movement is known. Examples include earthquake-induced anchor movements or 
the movements of a building due to wind loading. In this case, the magnitude of 
the movement is input into analysis as known, but the direction is assumed such 
that the worst-case change in the state of stress of the piping system under study 
results. This approach ensures that the piping system stress analysis is conducted 
in the most conservative manner. 


ENVIRONMENTAL FACTORS 


The generalized definition of the term stress, when used in a structural connotation, 
is force per unit area. The mathematical equation that relates the stress o to the 
load F and the load-resisting area A is 


oS (B2.8) 


The loss of a piping system’s pressure or structural integrity is invariably the 
result of its having attained a higher-than-acceptable state of stress. In the preceding 
section, it was shown that such an increase in the state of stress of a piping system 
could result from the application of one or more external (or internal) loads. In 
terms of Eq. (B2.8), it can be said that loading conditions or loads increase the 
state of stress of the system by increasing the value of the numerator F of the 
equation. However, there is a second mechanism through which the state of stress 
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of a piping system may increase, perhaps to the point at which a failure occurs. 
That mechanism is the loss, or deterioration, of the load-resisting area A. 

In this chapter the various mechanisms that result in the loss or deterioration 
of the viable load-resisting base material of a piping system are titled environmental 
factors. An attribute that is common to all environmental factors is that they effec- 
tively shorten the useful life of the piping system compared to what it would be if 
the factors were not present. The following discussion is limited to four specific 
environmental factors: corrosion, erosion, physical damage, and erosion-corrosion. 


Corrosion 


Within the context of this chapter, corrosion is the loss of load-carrying material 
in the pipe wall due to an electrochemical reaction between the piping material 
and the process fluid, or the environment. 

Corrosion is normally accounted for in design by the provision of additional 
material in the pipe wall, the use of a suitable coating or lining, or the specification 
of a corrosion-resistant material. Frequently, the method used to deal with corrosion 
depends upon the corrosion rate. 

For steel corroding in water, the corrosion rate is strongly influenced by the 
amount of oxygen present and by the temperature. The effect of these variations 


Corrosion Rate Inches Per Year Penetration 


1 2 3 4 5 6 fe 8 9 10 
Oxygen Concentration, PPM 


FIGURE B2.3 Effects of oxygen concentration on 
the corrosion of low-carbon steel in tap water at differ- 
ent temperatures. (Reprinted by permission from Cor- 
rosion Basics: An Introduction, National Association 
of Corrosion Engineers, Houston, 1984, Figure 8.1, 
p. 149.) 


is shown in Fig. B2.3. Similar data exist in the literature for a wide variety of piping 
system materials and corrodants. Through the use of these data, the corrosion rate 
for a given process can often be estimated. 

When corrosion is anticipated to occur at a slow, regular rate and this rate can 
be reliably predicted, it may be accommodated by the provision of excess material 
in the pipe wall known as the corrosion allowance. This excess material will be 
consumed over the design life of the piping system and therefore cannot be counted 
upon to serve any other purpose such as pressure integrity, structural strength, 
or mechanical strength. The relationship of the corrosion allowance to the other 
components of the total pipe wall thickness was discussed earlier in the section 
“Design Pressure." 

In cases in which the corrosion rate is prohibitively high or would result in 
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unacceptable contamination of the process fluid, a pipe lining or corrosion-resistant 
piping material may be specified. 

Linings tend to be fragile; therefore, their use is limited to applications in which 
abrasion or other physical injury is not likely to occur. Many linings are temperature- 
sensitive and cannot be used in extreme-temperature service. Most lined pipe is 
fabricated from plain-carbon steel, although fiberglass-reinforced plastic pipe with 
an integral, chemically resistant plastic lining is available. Refer to Chaps. B9-B12 
and D2. Joining methods are a significant factor in lined pipe design, and the joints 
must not allow any corrosion-sensitive material to be exposed to the process stream. 

Abrasion or other physical attack may damage a lining and expose the corrosion- 
sensitive substrate. In such cases, a homogeneous material is frequently warranted. 
If the original corrosion-resistant surface is physically damaged, the remaining 
material will continue to resist corrosion. Many corrosion-resistant materials have 
good high-temperature strength properties and as such are used where linings or 
plain-carbon steels will not survive. Many near-ambient-temperature, high-corro- 
sion-rate applications can be successfully and economically accommodated by the 
use of plastic pipe. 


Erosion 


Erosion is the wearing away of a surface by abrasion. The abrasion may be the 
result of particles suspended in the fluid stream, or it may be the result of direct 
action by the fluid itself. 

When the erosion rate is small and consistent, and reliable quantitative data 
concerning that erosion rate are available, an erosion allowance may be provided in 
the design. The erosion allowance is analogous to the corrosion allowance discussed 
earlier in the sections Design Pressure" and “Corrosion.” Excess material, over and 
above that required for pressure integrity and structural and mechanical strength, is 
provided. This excess material is allowed to waste away over the design life of the 
piping system. 

When the erosion process is not readily quantified, a more qualitative approach 
to design is normally taken. One approach is to specify special erosion-resistant 
piping system materials. High-hardness materials are generally effective in resisting 
erosion. An alternative approach is to modify the piping system geometry to mini- 
mize or eliminate turbulent flow, direct pipe wall impingement, and vortex flow, 
all of which increase piping system erosion. 


Physical Damage 


Physical damage or abuse also can be a significant factor in the design of piping 
systems. This is particularly true of low-pressure, thin-walled piping, which has little 
resistance to external loadings. 

Direct buried pipe is subject to damage from soil pressure and loads from 
overhead traffic. Uniformly distributed soil pressure loads can normally be estimated 
with reasonable accuracy and the pipe designed for these loads using methods 
described in the literature.” The effects of heavy concentrated overhead loads 
cannot be accounted for as easily. Consequently, pipelines which run under heavily 
trafficked roads or railroad tracks are frequently run through oversized sleeves 
or conduits which prevent the imposed loads from being directly transmitted to 
the pipe. 
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Piping systems of all sizes that carry important services, toxic fluids, or high- 
pressure, high-temperature fluids should be physically protected from impact from 
passing motor vehicle traffic, including such vehicles as industrial forklift trucks. 
The preferred method of protection is to route the piping outside the reach of 
passing traffic. Where this is not possible, substantial barriers should be erected to 
protect the piping from impact. 

Small-diameter piping takeoffs from large headers such as vents, drains, and 
instrumentation source connections are particularly prone to damage from unspeci- 
fied external loads. Common design practice is to make the small piping from the 
header out to the first isolation valve at least one schedule heavier than called for 
by the pressure design. Similarly, the first isolation or root valve is normally made 
one or two pressure classes heavier than called for by pressure design considerations. 
These steps may make the small lines durable enough to resist random impact or 
other undefined external loadings that can occur during shipping, construction, 
or operation. 


Erosion-Corrosion (Flow-Assisted Corrosion) 


When iron or steel corrodes in water, a soluble oxide layer called magnetite is 
formed. During steady-state conditions, the magnetite attains a constant protective 
thickness which promotes a uniform corrosion rate. If the magnetite layer is “swept” 
by a water film deposited by wet steam or by a locally high-velocity jet in a liquid 
stream, the dissolution rate of the magnetite increases. This results in an increase 
in the localized corrosion rate and an attendant loss of metal from the surface. 
Since the sweeping away of the oxide layer is an essential part of this corrosion 
process, it has been named erosion-corrosion [also known as flow-assisted corro- 
sion (FAC)]. 

A. number of factors have been found to affect the rate of erosion-corrosion 
(FAC) in piping systems. In wet-steam systems, percentage of moisture, material 
composition, pH and water chemistry, temperature, oxygen level, and flow path 
geometry have all been found to be significant?! In water piping systems, piping 
material, temperature, pH and oxygen level, and flow path geometry all affect the 
rate of erosion-corrosion.? Among the variables cited above, two that can be readily 
controlled in design are the piping system materials and the flow path geometry. 

Carbon steel is known to be highly susceptible to erosion-corrosion (FAC). Both 
chromium-molybdenum (Cr-Mo) and austenitic stainless steels are significantly less 
susceptible. The EPRI publication *Erosion/Corrosion in Nuclear Power Plant 
Steam Piping: Causes and Inspection Program Guidelines"?! cites a study that 
indicates the rate of erosion-corrosion (FAC) in Cr-Mo wet-steam piping is one- 
tenth that of carbon steel. Low-alloy Cr-Mo materials can usually be substituted 
for carbon steel without any other significant design changes. The materials are 
readily welded to each other, and both have similar physical properties such as 
tensile and yield strength, density, and thermal expansion coefficient. 

The substitution of austenitic stainless steels will normally require some addi- 
tional engineering. These materials have a thermal expansion rate that averages 
50 percent greater than that of plain-carbon steel. Accordingly, increases in terminal 
reactions and predicted pipe support movements can be expected. These may 
require that the pipe be rerouted or that different pipe support components be pro- 
vided. 

Piping system geometry plays an important role in mitigating the effects of 
erosion-corrosion (FAC). High, localized velocities, vortex flow, jet, and direct 
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stream impingement all increase the rate of magnetite dissolution and therefore 
increase the rate of erosion-corrosion. Gradual transitions in flow section pipe size 
and geometric changes to smooth out variations in flow velocity and the provision 
of shallow-angle intersections will all have a beneficial effect. The removal of 
discontinuities such as weld backing rings and sharp edges at branch connections 
will also reduce erosion-corrosion (FAC). The areas immediately downstream of 
valves and flow measurement orifices are frequently prone to erosion-corrosion 
due to vortex formation. These areas will benefit from the addition of flow liners 
or the substitution of erosion-corrosion-resistant alloys. 


MATERIALS-RELATED CONSIDERATIONS 


The variety of piping system materials currently in use is extensive and continually 
growing. The purpose of this section is to provide a brief overview of the common 
engineering properties of those materials and to describe how those properties 
influence the design process. For the most part, discussions of specific material 
characteristics will be limited to plain-carbon and low-alloy steel piping materials. 
Many of the concepts discussed, however, are applicable to virtually all piping mate- 
rials. 


Strength 


Most piping design codes relate the allowable working stresses for materials to 
their yield strength or ultimate tensile strength at the working temperature. For 
example, the allowable working stresses for materials used for construction in accor- 
dance with ASME B31.1, Power Piping, are developed using rules defined in the 
ASME Boiler and Pressure Vessel Code, Section II, Materials. At any temperature 
below the creep range, those rules require that the allowable working stress be set 
at a value no greater than the lowest of the following alternatives?: 


* One-fourth of the specified minimum tensile strength at room temperature 
* One-fourth of the tensile strength at operating temperature 

* Two-thirds of the specified minimum yield strength at room temperature 

* Two-thirds of the yield strength at operating temperature 


As the temperature of most common pressure-retaining materials increases from 
ambient, their tensile and yield strengths decrease. Application of the above rules 
ensures that the decreasing strength of piping materials, with increasing tempera- 
ture, is reflected in the allowable stresses used for design. 

At temperatures within the creep range, the allowable working stress is set at 
a value equal to the lowest of the following”: 


* 100 percent of the average stress for a creep rate of 0.01 percent/1000 h 
* 67 percent of the average stress for rupture at the end of 100,000 h 
* 80 percent of the minimum stress for rupture at the end of 100,000 h 


When carbon steels are exposed to temperatures greater than 775°F (413°C) for 
long periods, the carbide phase may convert to graphite. Graphitization causes 


DESIGN BASES B.57 


steels to experience brittle fracture at stress levels well below their short-term 
rupture strength. In recognition of this phenomenon, the ASME B31.1, Power 
Piping, Code provides the following warning statement in the allowable-stress tables: 


Upon prolonged exposure to temperatures above 775°F (413°C), the carbide phase of 
carbon steel may be converted to graphite.” 


For temperatures in excess of 775°F (413°C), chromium-molybdenum low-alloy 
steels or high-alloy stainless steels may be used. These steels offer almost complete 
freedom from graphitization and enhanced creep-rupture resistance. ASME B31.1 
allows the use of these materials at temperatures up to 1200°F (649°C). 


Toughness 


Toughness, or ductility, is the ability of a material to resist impact, to withstand 
repeated reversals of stress, or to absorb energy when stressed beyond the elastic 
limit. Steel is normally considered to be a ductile material. Contrary to expectation, 
however, steels sometimes rupture without prior evidence of distress. Under certain 
conditions, steel may shatter just as glass. In piping, however, this behavior generally 
occurs only at low temperatures. 

The transition temperature for any steel is the temperature above which the 
steel behaves in a predominantly ductile manner and below which it behaves in a 
predominantly brittle manner. Steel with a high transition temperature is more 
likely to behave in a brittle manner during fabrication or in service. It follows that 
a steel with a low transition temperature is more likely to behave in a ductile 
manner. Therefore, steels with low transition temperatures are generally preferred 
for service involving severe stress concentrations, impact loading, low operating 
temperatures, or a combination of all three. 

Table B2.6 indicates the low-temperature limitations of various piping materials. 


TABLE B2.6 Low-Temperature Operating Limits for Selected Piping Materials 


Low-temp. Material and suitable 
limit, °F (°C) ASTM designation Comments 
0 (—18) Mild steel (A53, A135) No requirements other than suitable pressure 
rating 
—20 (—29) Mild steel (A53, A135) Reduce pressure rating 1% for each 1°F below 


zero, or Charpy impact test, 15 ft-lb at 
design temperature 


—50 (—46) Killed or limited carbon Charpy impact test, 15 ft-lb at design temper- 


steel (A333, Gr. 1) ature 
—150(—101) 3%% Ni-steel (A333, Gr. 3) Charpy impact test, 15 ft-lb at design temper- 
ature 
—325(—198) Austenitic stainless steel Limited carbon content 
(types 304, 316, etc.) 
No limit Nonferrous copper, Aluminum, copper, brass 


brass, aluminum 


B.58 GENERIC DESIGN CONSIDERATIONS 


Low-alloy steels may be used at low temperatures 0°F (—18°C) when they have a 
Charpy keyhole impact value of at least 15 ft-lb (2.1 kg-m) at the lowest design 
temperature. Austenitic stainless steels with limited carbon content, copper and 
copper alloys, and aluminum do not experience transitions in impact strength from 
ductile to brittle fracture and, therefore, may be used for low temperatures without 
pressure-rating penalties. 

Low-temperature piping is generally covered with insulation which, in addition 
to limiting heat transfer, helps provide protection from external impact. This, how- 
ever, is not sufficient insurance against the type of damage that could result if a 
pipe should fracture. 

Additional perspectives on materials strength and toughness are provided in 
Chap. A3. 


Corrosion Resistance 


Considered as a material property, corrosion resistance is a measure of a piping 
system material's relative inertness to chemical attack from a specific process fluid 
atthe system's normal operating temperature, or its environment (see earlier section 
“Corrosion”’). The importance of considering the system's operating temperature 
cannot be overemphasized. It is well known that many chemical reactions are highly 
temperature-dependent. A particular piping system material could be virtually im- 
mune to chemical attack by a specific corrodant at one temperature, while prone 
to excessive attack by the same corrodant at a higher temperature. 

Within this context, then, it is clear that there is no such thing as a universally 
corrosion-resistant material. All common piping system materials react with some 
process fluids (corrodants) at certain temperatures. Therefore, when one is pursuing 
a *corrosion-resistant" material for a specific application, the objective is to identify 
a material whose corrosion rate in the presence of a specific corrodant is negligible, 
or at least acceptable, over the design life of the piping system. 

It is important also to consider the effect corrosion may have on the process 
fluid. Under certain conditions, the dissolution of the base metal or the corrosion 
products into the process stream may require economic or technical considerations 
that go beyond the piping system's pressure-containing parts. In some cases, the 
major consideration in choosing a piping system material may be the preservation 
of the chemical purity of the process fluid. Such is usually the case in choosing 
piping system materials that handle food products and piping used in many chemical 
process operations. 


THERMAL INSULATION 


Whenever the surface temperature of a piping system differs significantly from that 
of its surrounding environment, the potential need for an insulation system exists. 
An insulation system serves three principal purposes: 


* The significant reduction in the transfer of thermal (heat) energy to or from the 
surface of the piping system 


* The prevention of moisture formation and collection on the surface of the piping 
system due to condensation 
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* The prevention of potentially injurious personnel contact with the surface of the 
piping system 


The reduction in heat transfer to or from the surface of a piping system will 
minimize the gain or loss in temperature of the process fluid, thus maximizing the 
capability of the fluid to perform its intended function. Minimizing heat exchange 
between the piping system and the environment also minimizes the unwanted 
heating or cooling of the environment. This improves the comfort level for the 
inhabitants, or improves the operating conditions for equipment. 

Most insulating systems used aboveground consist of preformed components 
that are mechanically attached to the pipe. Low-temperature insulation is frequently 
made of expanded cellular plastic or foam rubber materials. Moderate-temperature 
insulations are frequently made from glass-fiber products. High-temperature insula- 
tion is usually made of preformed cementations or refractory materials or blankets 
made from ceramic fibers. Insulation used for buried pipe is frequently in loose 
granular form, so it can be poured loosely into the trench to surround the pipe and 
isolate it from the ground environment. 

If the surface temperature of a piping system is less than the dew point of the 
surrounding air, water vapor in the air will condense on the surface of the pipe. 
This condition can be detrimental. The condensation can collect and drip onto 
surfaces below the pipe, thus doing damage. The condensate can also saturate the 
piping insulation, thus significantly increasing its thermal conductivity and reducing 
its insulating capability. To prevent condensation on an insulated pipe, the airborne 
water vapor must be prevented from reaching the pipe surface. This is normally 
accomplished by providing a vapor barrier at the outer surface of the insulation. 
An adequate vapor barrier may be constructed from a well-fitted metal jacket, an 
extruded plastic or rubber coating, or a spiral-wrapped impervious tape coating. 
Whatever the form, the vapor barrier must prevent the airborne water vapor from 
entering the pores of the insulation and migrating toward the cool pipe surface, 
where condensation can occur. 

Extremely hot or cold piping systems can pose a contact safety hazard to person- 
nel in the vicinity. Surface temperatures above 135°F (57°C) can cause severe burns 
to unprotected skin, and temperatures below approximately 20°F (—7°C) can cause 
freeze damage. Thermal insulation can be designed such that the insulation surface 
temperature is maintained in a safe range. 

Frequently piping systems that are otherwise uninsulated will have insulation 
installed in accessible areas to provide personnel protection. 

For a complete treatment of the engineering principles involved in designing a 
thermal insulation system for piping, see Chap. B7. 


SIZING OF A PIPING SYSTEM 


The term sizing of a piping system refers to the completion of two independent 
design functions: the fluid flow design and the pressure-integrity design. The purpose 
of the fluid flow design is to determine the minimum acceptable inside diameter 
of the various segments of the piping system. The purpose of the pressure-integrity 
design is to determine the minimum acceptable pipe wall thickness and the pressure 
ratings of the in-line components. 
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System Fluid Flow Design 


The objective of the fluid flow design is to determine the minimum acceptable 
inside diameter of each segment of the piping system that will accommodate the 
design flow rate while maintaining the pressure drop and flow velocity within 
reasonable limits. 

Most piping systems use pumps to develop the pressure or head required to 
maintain the system design flow rates. Piping system pressure drops must be main- 
tained within reasonable values to limit the installed size of the system pumps and 
their prime movers. Pump and prime-mover size limitations are necessary to control 
initial system construction costs and continuing system operating costs. The optimum 
pipe size is based on an economic tradeoff between the installed capital cost of 
the piping system and the sum of the capital plus lifetime operating costs of the 
pumping system. 

System flow velocities are limited by design to avoid a number of potential 
operating problems. These problems have already been discussed in previous sec- 
tions of this chapter. In the absence of any other formal or more limiting criteria, 


TABLE B2.7 Reasonable Design Velocities for Water Flowing 
through Pipes 


Service condition Reasonable velocity, ft/s (m/s) 
Boiler feed 8-15 (2.5-4.6) 
Pump suction and drain lines 4- 7 (1.2-2.1) 
General service 4-10 (1.2-3.0) 
City water to 7 (to 2.1) 


Source: Crane Technical Paper 410, Flow of Fluids through Valves, Fittings, 
and Pipe. The Crane Company, New York, 1985, pp. 3-6. 


the flow velocities given for water in Table B2.7 and for steam in Table B2.8 are 
considered reasonable for normal industrial applications. 

The detailed fluid flow design of a piping system requires the consideration of 
a number of fluid parameters including flow rate, viscosity, density, and pipe wall 
frictional drag. Further discussions of this aspect of the pipe sizing process are 
provided in Chap. B8. 


TABLE B2.8 Reasonable Design Velocities for Steam Flowing through Pipes 


Reasonable velocity V 


Condition Pressure 

of steam P [psig (kPa)] Service ft/min m/s 
Saturated 0-25 (173) Heating (short lines) 4,000- 6,000 20- 31 
Saturated 25 (173) and up Powerhouse equipment, 6,000-10,000 31- 51 


process piping, etc. 
Superheated 200 (1380) and up Boiler and turbine leads, etc. 7,000-20,000 — 36-100 


Source: Crane Technical Paper 410, Flow of Fluids through Valves, Fittings, and Pipe, The Crane 
Company, New York, 1985, pp. 3-16. 
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Pressure-Integrity Design 


The pressure-integrity design of a piping system normally requires the consideration 
of at least two issues. The first is the determination of the minimum or nominal 
pipe wall thickness, and the second is the determination of the pressure rating of 
the in-line components, such as fittings and valves. 


Determination of Pipe Wall Thickness 


After the fluid design is complete and the minimum inside diameters of the various 
segments of the piping system are determined, the piping pressure-integrity design 
may proceed. The major steps in the process are as follows: 


1. Using the minimum inside diameter determined from the fluid flow evaluation, 
select the next-larger standard nominal or outside diameter (OD) size pipe from 
the listings provided in ASME B36.10M for standard wrought steel pipe or 
B36.19M for stainless-steel pipe (see earlier section “The ASME Pressure Classi- 
fication System"). 


2. Based upon the fluid and service, select a suitable piping material, and if neces- 
sary, determine the required corrosion, erosion, joining, or mechanical 
strength allowances. 


3. Using equations provided in the design code, calculate the required minimum 
wall thickness to provide for pressure integrity and allowances. 


4. Refer to ASME B36.10M or B36.19M to select an appropriate nominal wall 
thickness or schedule. Refer to App. E2 and E2M. 


5. Confirm that the standard manufacturing tolerance will not reduce the nominal 
wall thickness selected in step 4 below the minimum required, as calculated in 
step 3. 


6. Confirm that the inside diameter of the pipe selected, based upon the nominal 
wall thickness selection of step 4, is compatible with the minimum inside-diameter 
requirements obtained from the fluid flow evaluation. 


The process described above is demonstrated in the following example: 


Example B2.3. A carbon-steel pipe having a required minimum inside diameter 
of 11.2 in (284 mm) is to transport water at 700 psig (4830 kPa gage) and 90°F 
(32°C). The design code is ASME B31.1, and the design life is 8 years. The water 
has a nominal oxygen content of 1 ppm. Butt-welded construction is used. 

Evaluation. An economical grade of seam-welded carbon-steel pipe (ASTM 
A53 Grade A) is selected. From ASME B31.1, Appendix A, Table A-1, the allowable 
working stress at 90°F (32°C) is 10,200 psi (70.4 MPa). From Fig. B2.3, the corrosion 
rate is estimated at 0.02 in (0.5 mm) per year. The pressure-integrity design will 
be based upon ASME B31.1, Paragraph 104.1.2, equation (3)*: 


PD, 
tn = FA (B2.5) 
2(SE + Py) 


From ASME B36.10M, NPS 12 (DN 300) [12.75-in (324-mm) OD] is tentatively se- 
lected. 
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Using the stated 8-year design life and 0.02 in/yr corrosion rate, the total corro- 
sion allowance of 8 X 0.02 = 0.16 in (4 mm) is calculated. Butt-welded construction 
is specified; therefore, no additional wall thickness allowance for joining (threading, 
grooving, etc.) is required. 

From ASME B31.1, Table 104.1.2(A), y — 0.4 is selected for ferritic steels at 
temperatures at or below 900°F (482°C). 

Equation (B2.5) may now be used to calculate the required minimum wall 
thickness: 


PD, 
— +A 
2(SE + Py) 

700 x 12.75 


= 0.16 
2(10,200 +04 x 700) ` 


= 0.586 in (14.9 mm) 


From ASME B36.10M, under the listings for NPS 12 (DN 300), Schedule 80 pipe 
with a nominal wall thickness of 0.688 in (17.5 mm) is tentatively selected. 

The wall thickness tolerance for ASTM A53 pipe, which is +0, —12% percent, 
is checked next: 


(B2.5) 


bn = 


0.688 x 0.875 = 0.602 in 
0.602 in (15.3 mm) > 0.586 in (14.9 mm) 
Finally, the nominal inside diameter is checked against the minimum flow diameter: 
12.75 — 2(0.688) = 11.374 in 
11.374 in (289 mm) > 11.2 in (284 mm) 


The problem requirements are satisfied; NPS 12 (DN 300) seam welded Schedule 
80 pipe meeting ASTM Specification A53 Grade A is acceptable. 

The previous example did not consider the effects of bending on the pipe wall. 
In most instances the pressure design will dominate in the determination of pipe 
wall thickness. However, if the pipe span between supports is unusually long or if 
the pipe has a very heavy in-line component, such as a valve, then the longitudinal 
bending stress may dominate the design. This facet of the design is considered in 
the piping stress analysis discussion of Chap. B4. 

To complete this chapter, five more example problems are presented. They 
demonstrate the concepts developed and bring them together to show how the 
design of a simple piping system might proceed. 


Determining the Pressure Class for In-Line Components 


The first two examples provided here demonstrate the process used to determine the 
pressure classification for in-line components. The first demonstrates the selection 
process for a standard flange; the second demonstrates the selection process for a 
special-class valve. 


Example B2.4. An NPS 16 (DN 400) carbon-steel pipeline operates at 840 psig 
(5800 kPa gage) and 740°F (393°C). Select a standard weld-neck flange for the 
service. 
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Evaluation. Table B2.1 lists various materials of construction for standard pipe 
flanges. Under Material Group 1.1, ASTM Specification A105, Forgings, Carbon 
Steel, for Piping Components, is listed. Next refer to Table B2.3, which lists ASME 
pressure-temperature ratings for Material Group 1.1 flanges. Noted that a Class 
600 flange has a pressure-temperature rating of 1010 psig (6970 kPa gage) at 750°F 
(399°C). Since this rating exceeds the requirements of 840 psig (5800 kPa gage) at 
740°F (393°C), this flange is acceptable. 


Example B2.5. An NPS 12 (DN 300) butt-welding end gate valve is required to 
operate at 2350 psig (16,220 kPa gage) and 1015°F (546°C). The valve material is 
ASTM A217 Grade WC9. Determine the appropriate ASME pressure classification. 

Evaluation. Tables B2.9a and B2.9b list the pressure-temperature ratings for 
standard and special class valves of ASTM A217 Grade WC9. 

There are two correct answers to this problem. The first and simplest answer is 
to select a standard Class 4500 valve from Table B2.9a. This valve has a pressure- 
temperature rating of 2625 psig (18,040 kPa gage) at 1050°F (566°C) and obviously 
meets the stated requirements. However, this valve may prove to be a very expensive 
alternative since Class 4500 valves are massively constructed, and valve prices vary 
according to the weight of the material used in their construction. 

The second alternative is to consider the Special Class 2500 valves whose ratings 
are provided in Table B2.9b. Special-class valves undergo mandatory nondestructive 
examinations and, if necessary, defect repairs to allow them to qualify for higher 
pressure-temperature ratings. For a more detailed discussion of special-class valves, 
the reader is referred to Section 8 of ASME B16.34.% To determine whether a 
Special Class 2500 valve will meet the requirements of Example B2.3, a linear 
interpolation of the ratings in Table B2.9b is required. The process is illustrated 
below: 


Temperature, ^F Pressure, psig 
1000 2715 
1015 P 
1050 1820 


1050—1015 — P ~ 1870 

1050 —1000 — 2715 — 1870 
35 P —1870 
50 845 


35 
P = 1870+ — x 845 
50 


= 2462 psig (16,990 kPa gage) 


Since the interpolated pressure rating of 2462 psig (16,990 kPa gage) is greater than 
the specified requirement of 2350 psig (16,220 kPa gage), a Special Class 2500 valve 
will satisfy the requirements of Example B2.5. 


Determining the Design Conditions and Pressure Class of a Piping System 


To minimize procurement complications and storage and handling problems during 
the construction phase, piping systems are frequently designed for the maximum 
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TABLE B2.9a Pressure-Temperature Ratings for Standard Class Valves Made of ASTM 
A217 Grade WC9 Body Material* 


Working pressure by classes (psig)t 


Temperature 
CF) 150 300 400 600 900 1500 2500 4500 
—20 to 100 290 750 1,000 1,500 2,250 3,750 6,250 11,250 
200 260 750 1,000 1,500 2,250 3,750 6,250 11,250 
300 230 730 970 1,455 2,185 3,640 6,070 10,925 
400 200 705 940 1,410 2,115 3,530 5,880 10,585 
500 170 665 885 1,330 1,995 3,325 5,540 9,965 
600 140 605 805 1.210 1,815 3,025 5,040 9,070 
650 125 590 785 1,175 1,765 2,940 4,905 8,825 
700 110 570 755 1,135 1,705 2,840 4,730 8,515 
750 95 530 710 1,065 1,595 2,660 4,430 7,970 
800 80 510 675 1,015 1,525 2,540 4,230 7,610 
850 65 485 650 975 1,460 2,435 4,060 7,305 
900 50 450 600 900 1,350 2,245 3,745 6,740 
950 35 375 505 755 1,130 1,885 3,145 5,665 
1000 20 260 345 520 780 1,305 2,170 3,910 
1050 20t 175 235 350 525 875 1,455 2,625 
1100 20% 110 145 220 330 550 915 1,645 
1150 20% 70 90 135 205 345 570 1,030 
1200 20t 40 55 80 125 205 345 615 


* For special limitations placed on the materials covered by this table, see ASME B16.34, Table 2-10A. 

+ To convert working pressures to kPa gage, multiply tabular values by 6.9. 

+ For welding-end valves only. Flanged-end valve ratings terminate at 1000°F. 

Source: Adapted from ASME B16.34, Values—Flanged, Threaded, and Welding End, American Soci- 
ety of Mechanical Engineers, New York, 1996, Table 2-10A, p. 45. 


conditions permitted for each pressure class. This allows conservatism, which can 
accommodate changes in design conditions as a result of design development and 
minimizes the need to specify and buy different piping for each individual applica- 
tion. In addition, this approach provides an added allowance in the event of unex- 
pected deterioration of the pipe wall thickness in service. 

The following examples provide an illustration of determining the design pressure 
and design temperature for a piping system. They also provide insight into the 
method of establishing the pressure-temperature rating or pressure class of an entire 
piping system. 


Example B2.6 


Fluid: Water 

Normal conditions: 350 psig (2415 kPa gage) @ 350°F (177°C) 

Maximum conditions: (1) 375 psig (2588 kPa gage) @ 390°F (199°C) 
(2) 435 psig (3002 kPa gage) €? 375°F (191°C) 
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TABLE B2.9b  Pressure-Temperature Ratings for Special Class Valves Made of ASTM 
A217 Grade WC9 Body Material* 


Working pressure by classes (psig)t 


Temperature 

CF) 150 300 400 600 900 1500 2500 4500 
—20 to 100 290 750 1,000 1,500 2,250 3,750 6,250 11,250 
200 290 750 1,000 1,500 2,250 3,750 6,250 11,250 
300 285 740 990 1,485 22225 3,705 6,180 11,120 
400 280 725 965 1,450 2,175 3,620 6,035 10,865 
500 275 720 960 1,440 2,160 3,600 6,000 10,800 
600 215. 720 960 1,440 2,160 3,600 6,000 10,800 
650 275 715 955 1,430 2,145 3,580 5,965 10,735 
700 275 710 955 1,425 2,135 3,555 5,930 10,670 
750 265 690 920 1,380 2,070 3,450 5,750 10,350 
800 260 675 895 1,345 2,020 3,365 5,605 10,095 
850 245 645 855 1,285 1,930 3,215 5,355 9,645 
900 230 600 800 1,200 1,800 3,000 5,000 9,000 
950 180 470 630 945 1,415 2,355 3,930 7,070 
1000 125 325 435 650 975 1,630 2,15 4,885 
1050 85 220 290 435 645 1,095 1,820 3,280 
1100 55 135 185 275 410 685 1,145 2,055 
1150 35 85 115 170 255 430 715 1,285 
1200 25 50 70 105 155 255 430 770 


* For special limitations placed on the materials covered by this table, see ASME B16.34, Table 2-10B. 

+ To convert working pressures to kPa gage, multiply tabular values by 6.9. 

Source: Adapted from ASME B16.34, Valves—Flanged, Threaded, and Welding End, American Soci- 
ety of Mechanical Engineers, New York, 1996, Table 2-1.10B, p. 46. 


Condition 1 has a maximum duration of 3 h. Condition 2 has a maximum duration 
of 10 min in any 24-h operating period. 


Pipe sizes: | NPS 6 (DN 150), NPS 10 (DN 250), NPS 14 (DN 350) 


Evaluation. The piping system being considered is designed in accordance 
with ASME B31.1; however, the approach discussed below can be used to design 
a piping system in accordance with other codes. 

The fluid and the temperature dictate the use of carbon-steel piping. Assume 
the following materials: 


Pipe: ASTM A106 GR B 
Valve body: ASTM A216, WCB 
Flanges: ASTM A105 


Determine the pressure-temperature ratings for all conditions. The ratings are 
determined from the pressure-temperature tables of ASME B16.5' and ASME 
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B16.345 The flange and valve materials are in material group 1.1; refer to ASME 
B16.5, Table 2-1.1, and ASME, B16.34, Table 2-1.1. 


350 psig (2415 kPa gage) €? 350°F (177?C)— Class 300 
375 psig (2588 kPa gage) @ 390°F (199*C)— Class 300 
435 psig (3002 kPa gage) @ 375°F (191*C)— Class 300 


Since Class 300 is required for each condition, the design conditions should be 
selected so as not to exceed the pressure-temperature ratings of Class 300. Other- 
wise, the design conditions will be overly conservative. 

Determine design conditions from normal and maximum conditions. The design 
conditions are selected to ensure that the minimum wall thickness requirements 
of ASME B31.1 are met. This requires consideration of two factors: pressure and 
temperature. 

Pressure. The greater the pressure, the greater the required wall thickness 
of the pipe. The design pressure must be selected so that each of the following 
requirements is satisfied: 


* The design pressure shall be not less than the maximum sustained operating 
pressure (MSOP) within the piping system including the effects of static head 
(ASME B31.1, Paragraph 101.2.2). 


* The design pressure shall be of sufficient magnitude that the stress resulting from 
a variation in pressure and/or temperature in the piping system does not exceed 
the allowable stress by more than 15 percent during 10 percent of any 24-h 
operating period, or by more than 20 percent during 1 percent of any 24-h 
operating period (see ASME B31.1, Paragraph 102.2.4). 


Maximum condition 1 will cause a stress in the pipe wall which is less than 15 
percent over the stress caused by the normal condition pressure 


375 
— <1.15 
350 


But the duration exceeds 10 percent of a 24-h operating period. Therefore, maximum 
condition 1 must be considered as a sustained condition, which requires that the 
design pressure not be less than 375 maximum condition. Condition 2 has a duration 
of less than 1 percent of a 24-h operating period and will not cause a stress greater 
than 20 percent over the allowable stress using a design pressure of 375 psig. 
222 < 1.2 
375 


Therefore, maximum condition 2 can be treated as an occasional condition. 
The minimum acceptable design conditions are 
Design pressure = 375 psig (2588 kPa gage) 
Design temperature = 390°F (199°C) 


Example B2.7 

Fluid: Steam 

Normal conditions: 400 psig (2760 kPa gage) @ 600°F (316°C) 
Maximum conditions: 575 psig (3970 kPa gage) € 600°F (316°C) 
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This condition occurs in less than 1 percent of any 24-h operating period. 
Pipe sizes: NPS 12 (DN 300), NPS 18 (DN 450) 

Evaluation. The fluid and the temperatures allow the use of carbon steel. 
Assume the following materials: 

Pipe: ASTM A106, Gr. B 

Valve body: ASTM A216 WCB 

Flanges: ASTM A105 


Determine the pressure-temperature ratings. With the help of ASME B16.5, Table 
2-1.1, and ASME B16.34,” Table 2-1.1, the suitable classes for the normal and 
maximum conditions are established as follows: 


400 psig (2760 kPa gage) @ 600°F (316*C)— Class 300 
575 psig (3970 kPa gage) €? 600°F (316*C)— Class 400 


The normal condition requires Class 300 flanges and valves while the maximum 
condition requires Class 400 flanges and valves. The maximum permissible (sus- 
tained) pressure for Class 300 at 600°F (316°C) is 550 psig (3,800 kPa gage). This 
pressure may be exceeded in the same manner as discussed in Example B2.4 (15 
percent for 10 percent of the time; 20 percent for 1 percent of the time). Thus, the 
peak pressure that the flanges and valves may be exposed to is greater than the 
system maximum of 575 psig (3,970 kPa gage). Therefore, Class 300 can be used. 

Determine the design conditions such that 575 psig exceeds the design pressure 
by not more than 20 percent. 


Design pressure x 1.2 — 575 psig (3970 kPa gage) 
575 
Design pressure — em 479 psig (3310 kPa gage) 
The minimum design conditions are 
Design pressure — 479 psig (3310 kPa gage) 
Design temperature = 600°F (316°C) 


This piping can also be designed for the maximum design condition permitted for 
Class 300 flanges made from material group 1.1 per ASME B16.5. The maximum 
design conditions, per B16.5, Table 2-1.1, are 


Design pressure = 550 psig (3800 kPa gage) 
Design temperature = 600°F (316°C) 
The piping may also be designed for the minimum design conditions shown above 
(479 psig at 600°F). Sometimes this can result in substantial savings in material, 


fabrication, and installation costs. This is particularly true for high-pressure and 
high-temperature applications that require the use of low- and high-alloy steels. 


Design of Piping for Internal and External Pressure 


Example B2.8. An NPS 24 (DN 600) seamless steel pipeline carries purified water 
from an onshore water treatment plant to an offshore island-sited nuclear power 
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plant. The line runs vertically down in an open shaft to a depth of 120 ft (36.6 m) 
below grade. It then runs horizontally 100 ft (30.5 m) below the surface of a seawater 
strait that separates the two facilities. The discharge pressure of the pumping system 
that transfers the water is 350 psig (2415 kPa gage) at ambient temperature. The 
material is ASTM A106, Grade B, and the internal corrosion allowance is 0.065 in 
(1.7 mm). The line is coated to prevent external corrosion. At times, the line is 
shut down and drained for maintenance. Under these conditions it must withstand 
the external pressure exerted by the seawater, without collapse. 

Determine the required wall thickness to safely contain the water at the internal 
design pressure, and verify that this thickness is adequate to withstand the external 
pressure. The design code is ASME B31.1. 

Solution. "The pipeline design will be developed initially for the internal pres- 
sure condition. It will then be checked for the external pressure. 

The internal design pressure has two components: the pump discharge pressure 
and the static head due to the vertical run to 120 ft below grade. The head pressure is 

P, = 62.4 S x nig 
aM MEI 
= 52 psig (360 kPa gage) 


The internal design pressure is therefore 350 + 52 = 402 psig. The minimum wall 
thickness based upon this pressure is determined by using Eq. (B2.5): 


PD, 
P A 
2(SE + Py) 


x 120 ft (36.6 m) 


tn = (B2.5) 


The values of the variables are 
P = design pressure = 402 psig (2780 kPa gage) 
D, = outside diameter of pipe = 24 in (610 mm) 
S = allowable stress = 15,000 psi (103.4 MPa) 
(ASME B31.1, Table A.1 at —20°F (—29°C) to 650°F (343°C) 
E= 1.0 seamless pipe 
y=04 ASME B31.1, Table 104.1.2(A) 
A = 0.065 in (1.7 mm) 
Substituting these values yields 
"e 402 x 24 
"7 2(15,000 x 1 4- 402 x 0.4) 
= 0.318in + 0.065 in 


= 0.383 in 


The commercial wall thickness tolerance on ASTM A106 pipe is +0, —12% percent; 
therefore the nominal wall thickness is determined by dividing the minimum wall 
thickness by 0.875. 


+ 0.065 


0.383 : 
Ínom — 0875 > 0.438 in (11.1 mm) 
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The next-larger standard pipe wall thickness for ASTM A106, per ASME B36.10M, 
is 0.500 in (12.7 mm). This nominal thickness is accepted preliminarily, and will be 
investigated for its adequacy to withstand the external pressure condition. 

ASME B31.1, Paragraph 104.1.3, invokes the ASME Boiler and Pressure Code, 
Section VIII, Division 1, Pressure Vessels, Subsections UG-28 through UG-30,” for 
the external pressure design of straight pipe. This subsection provides a series of 
empirical procedures for the external pressure design of shells and tubes. They may 
be stiffened or unstiffened. The procedures rely on equations presented in UG-28 
to UG-30, and a series of external pressure design charts given in ASME Section 
II, Part D, Subpart 3.” 

This example problem is a basic case involving an unstiffened straight tube under 
external pressure, and simplifying assumptions have been made. The reader is 
encouraged to study Subsections UG-28 through UG-30 in their entirety, prior to 
attempting the solution of this class of design problems. 

The nomenclature is 

A — a geometric factor determined from ASME Section II, Part D, 
Subpart 3, Fig. G. It is used to enter the applicable material chart given 
in subpart 3. A simplified version of Fig. G, which is applicable to this 
sample problem, is shown in Fig. B2.4. 


B = a factor determined from applicable material chart of ASME Section 
II, Part D, for maximum design metal temperature, psi. À simplified version 
of the material chart which is applicable to this sample problem is shown 
in Fig. B2.5. 


D, = outside diameter of cylindrical shell course or tube, in 


L = total length of tube between tube sheets, or design length 
of vessel between lines of support* 


P — external design pressure, psi 


P, = calculated value of maximum allowable external working 
pressure, for assumed value of t, psi 


t = minimum required thickness of a cylindrical shell or tube 
t; = nominal thickness of a cylindrical shell or tube, in 


Detailed Procedure. The following procedure applies to cylindrical shells or tubes 
whose diameter-to-thickness ratio D, /t is greater than 10. 


e For this example the minimum required wall thickness t is taken as the commercial 
minimum wall thickness, less the corrosion allowance. 


t = t, X (tolerance factor) — A 
— 0.500 x 0.875 — 0.065 
— 0.3725 in (9.5 mm) 


* See ASME Section VIII, UG-28(b). 
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FIGURE B2.4 External pressure design factor A versus L/D,. (Adapted from ASME Section 
VIII, Division I, Rules for the Construction of Pressure Vessels, American Society of Mechanical 
Engineers, New York, 1998.) 


e For the assumed thickness t, determine the ratios L/D, and D,/t. If L/D, is greater 
than 50, assume L/D, — 50. 


L/D, = 50 L = œ; no tube supports 
D,/t = 24.0/0.3725 = 64.4 


* Using the values for L/D, and D,/t, proceed to Fig. B2.4 and determine the value 
of A. From Fig. B2.4, at L/D, = 50 and D,/t = 64.4, A equals 0.00025. 


* Using the value of A found above, proceed to the material chart shown in Fig. 
B2.5 to determine the value of B. From Fig. B2.5, at the value of A = 0.00025; 
B equals 3600. 


* Use the following formula to calculate the maximum allowable external working 
pressure which may act on the pipe: 
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FIGURE B2.5 External pressure design factor A versus factor B. (Adapted from ASME Section 


VIII, Division I, Rules for the Construction of Pressure Vessels, American Society of Mechanical 
Engineers, New York, 1998.) 


4B 
~ 3(Do/t) 
4(3600) 
~ 3(644) 
= 74.5 psig (514 kPa gage) 


This maximum allowable external working pressure must be compared with the 


actual external pressure due to the submergence in seawater, to determine whether 
the design is adequate. 
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The submergence depth is given as 100 ft, and the density of seawater is taken 
as 64.0 Ib/fC. The seawater pressure Pw acting on the outside of the pipe is 
lb — 1f 
— X ——— 
fü  144in? 
— 44.4 psig (306 kPa gage) 


Py = 64 x 100 ft 


Since the maximum allowable external working pressure for the pipe P, exceeds 
the seawater pressure acting on the pipe P,,, the design is acceptable. 
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Piping is a major expenditure in the design and construction of industrial, refinery, 
petrochemical, or power-generating plants when one considers engineering costs, 
material costs, and fabrication and field labor costs. Proper planning and execution 
of the design and routing of pipe can have a major impact on controlling the total 
installed cost (TIC). 

Piping design and equipment arrangement are interrelated subjects that cannot 
be well taught in the classroom. Most good designers throughout history have 
learned their profession by a combination of academic and practical work. Field 
and design office plus a little shop experience is good preparation for designing or 
teaching. This topic is very broad-based and relies on a sound mechanical engi- 
neering background and a lot of common sense. The use of previous designs and 
drawings is a good way to learn and improve on current designs. 

The experienced piping designer needs to have a working knowledge of plant 
layout, equipment arrangement, and system functionality associated with one or 
more fields of endeavor, such as commercial, industrial, refinery, petrochemical, 
or power. In addition, the designer must have an understanding of the practical 
application of piping materials, valves, pumps, tanks, pressure vessels, heat ex- 
changers, power boilers, vendor-supplied skid assemblies, steam turbine drivers, 
and other machinery and equipment. 


CODES AND STANDARDS 


The various codes and standards applicable to the engineering, design, and fabrica- 
tion of piping systems are discussed and summarized in Chap. A4 of this handbook. 
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These codes and standards were written to establish minimum requirements for 
safe design and construction with very little reference to the physical routing of 
piping. However, the piping designer should be familiar with them as they apply 
to his or her work. There are a few specific references to physical piping design of 
safety relief valve arrangements: 


* The ASME Boiler and Pressure Code, Section I, Power Boilers, specifies that 
there is to be no intervening pipe, valves, or fittings between the safety relief 
valves and the vessel or piping to which they are attached. This means that they 
must be fitting-bound. 

* The ASME B21.1, Power Piping Code, Appendix II, Non-Mandatory Rules for 
the Design of Safety Valve Installation, provides guidelines for the physical ar- 
rangement of safety valve piping, the most significant being that the distance 
between the centerline of the valve and the centerline of the discharge elbow 
must not exceed 4 times the nominal pipe size of the relief valve outlet. 


The Pipe Fabrication Institute has a series of engineering standards (ES) covering 
the fabrication, design, cleaning, and inspection of piping. Three of these standards, 
listed below, specifically relate to the physical piping design: 


ES2, Method of Dimensioning Welded Assemblies 


ES3, Linear Tolerances, Bending Radii, Minimum Tangents 
ES7, Minimum Length and Spacing for Welded Nozzles 


For piping and valve drawing symbols, refer to ANSI/ASME Y32.2.3, Graphical 
Symbols for Piping Fittings, Valves and Piping. 

It is essential that designers read and understand applicable codes and standards 
prior to developing fabrication piping designs. 
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Project Client and Owner Requirements 


Most projects have project-specific requirements imposed by the owner. These 
usually include additional requirements above the codes and standards which may 
have direct impact on both pipe layout and equipment location. Most of these 
requirements derive from operations feedback which the owner contractually in- 
vokes on future projects. Owners may not have a thorough understanding of all 
the levels of detail required to produce a piping design, but they know the finished 
product. It is very important that all project personnel and designers know and 
understand these requirements. 


Hierarchy of Reference Design Information 


To commence the routing and design of any piping system, the designer is referred 
to Chap. B1, Hierarchy of Design Documents. In the ever-expanding electronic 
engineering environment, the documents identified can and will be replaced with 
databases, but the flow of required information to design the piping systems will 
remain the same. 
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System Piping and Instrumentation Diagrams (P&ID). These are the schematic 
single line process diagrams which define the sequence of equipment, valves, in- 
line components, pipeline sizes, and overall system arrangement required for proper 
system function. Computer-aided P&IDs that link the schematic diagrams to elec- 
tronic design data are preferred in order to perform computerized P&ID compli- 
ance checks. 


P&ID Implementation and Physicalization. Piping and instrumentation dia- 
grams are the piping designer's roadmap for laying out piping systems. The designer 
should understand the P&ID and the specific system characteristics. With this 
knowledge the designer is required to develop the P&ID and arrange connections 
and branches as required to best suit the process to actual physical design. 


Project Piping Specifications. These documents or databases define the following 
essential information: the system design and operating pressures and temperatures; 
piping materials; pipe wall thickness or schedules; types of fittings to be used, e.g., 
butt weld, socket weld, or screwed; and the valve and flange pressure rating and 
insulation requirements. In addition, the piping specification defines the fabrication, 
examination, testing, inspection, and installation requirements, including the re- 
quirements for seismic installations, where applicable. 


Equipment Outlines. These documents can be either imported computer-aided 
design and drafting (CADD) files or prints of the equipment being piped. They 
include overall dimensions and the pipe size, wall thickness, flange pressure rating, 
and locating dimensions of all pipe nozzles and other connections. 


General Arrangements or Equipment Location Drawings. These drawings will 
indicate the location of all major pieces of equipment in the plant which the designer 
will either verify or relocate, as required, to accommodate the physical pipe routing 
as designed or redesign the piping to accommodate the particular piece of 
equipment. 

Generally equipment location drawings are developed by senior-level piping 
designers during the proposal preparation and are taken over by the project team 
upon award of the contract. From this point on they are revised and updated as 
part of the normal process of design development. Equipment should be arranged 
with the piping layout in mind. Equipment locations and relational arrangements 
should be evaluated during the piping layout design process. Adjustments and 
occasionally major changes to equipment arrangement are required to solve major 
piping arrangement problems. Piping system design is dependent on the input from 
numerous reference sources prior to the start of piping design. 


Collection of As-Built Information 


CADD and electronic surveying capabilities have changed and are continuously 
changing. Photogrametry (photographs that are input into three-dimensional 
CADD models) and laser mapping (laser scanning using a time of flight laser 
connected to a computer that translates the scanned points to a three-dimensional 
CADD model) are applications that enable the designer to collect existing condi- 
tions which can be imported into the designer's CADD files. Total Station Surveying 
is the computerized surveying system which engineering should request for the 
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collection of survey data points with the electronic transfer of information being 
able to be translated directly into the CADD environment. 


Piping Layout Considerations and Planning Studies for Improved 
Piping Economics 


Proper planning is an important activity performed by the piping designer in the 
early stages of a project. Space conservation and a symmetric piping arrangement 
are achieved when all the systems are evaluated in the preliminary stages of design. 
This study will become the final design. It is important to consider the cost of the 
piping material at this time for the expensive lines. These lines should be kept as 
short as possible, while maintaining proper piping flexibility even if this requires 
changing the equipment arrangement. 

Detailed design should not start until the planning studies are complete. Ex- 
pending engineering work hours on details that are subject to change pending the 
completion of the planning study is not recommended. 

Piping layout then becomes a matter of designing dimensioned routings from 
one point to another point with the branches, valves, piping specialties, and instru- 
mentation as indicated on the P&ID. This statement, however, is an oversimplifica- 
tion of the process, since many other factors must be considered, such as interference, 
piping flexibility, material costs, pipe supports, operation and maintenance, and 
safety and construction requirements. 

An example would be moving a pump 3 in (75 mm) to avoid a compound elbow 
offset in order to connect to the top discharge nozzle. Perhaps the equipment was 
arranged while planning on a side suction and discharge. Refer to Fig. B3.1. 


THE PUMP SKID INLET 
NOZZLE AND THE FILTER 
SKID OUTLET NOZZLE 
SHOULD BE LINED UP 

IN ORDER TO AVOID 
THIS COMPOUND OFFSET 


FIGURE B3.1 Nozzle alignment drawing. 
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Pipe Bending 


Pipe bending has become increasingly widespread due to a desire for a decrease 
in fabrication costs. If bending is to be used, the designer should consider special 
requirements imposed by the process (i.e., tail ends and clamp dimensions are 
required by the bending machine, and increased distances and space are required 
because bends have a greater center-to-face dimension than conventional fitting di- 
mensions). 


Interferences 


One of the most important aspects of piping layout is the avoidance of interferences 
with other facilities in the plant such as other piping systems; structural steel and 
concrete; heating, ventilating, and air-conditioning (HV AC) ductwork; and electric 
cable trays and conduit. For engineering firms using 2D CADD (two-dimensional 
computer-aided design and drafting) or manual drafting and design, the search for 
interferences is very tedious and time-consuming since the designer must mentally 
and visually look for interferences between the systems currently being designed 
and previously designed or the existing system or facilities, not to mention those 
systems or facilities in design concurrently. This process is extremely complex at 
best. Traditionally, this has been accomplished by the use of area composite drawings 
(see Fig. B3.2) and plastic scale models. 

The composite drawings and plastic models show all plant facilities designed to 
date and are used by the designers to select an interference-free route for the 
system currently under design; however, the designer still must search out those 
systems or facilities in design concurrently. Once the designer is satisfied that the 
current system layout is interference-free, it will be added to the area composite 
drawing and the plastic model. 

An alternative to composite piping drawings and plastic models for interference 
detection is the use of computer-aided design (CAD). Specifically, three-dimen- 
sional (3D) computer modeling can provide an efficient, accurate, and cost-effective 
alternative to the traditional manual methods for interference detection. This and 
other CAD applications for piping layout are addressed in the section “Application 
of Computer-Aided Design to Piping Layout.” Refer to Fig. B3.3. 


Piping Flexibility 


The effects of the thermal expansion of pipe and fittings as a result of system 
operating temperature changes cannot be overlooked during the layout and routing 
of any piping system. The function of piping flexibility or stress analysis has, for 
the most part, been delegated to the computer particularly in the case of high- 
temperature, high-pressure piping systems. The piping stress analyst translates and 
enters the piping design data into the computer, reviews the output data, and if 
the system is too rigid, may suggest appropriate corrective redesigns. However, it 
is the piping designer’s responsibility to ensure that the final stress analysis results 
are incorporated into the final pipe support and pipe routing design. 

In the past, a computer stress analysis, including the development of input data 
and the interpretation of the output, could be expensive and time-consuming if 
numerous iterations of computer runs were needed to arrive at an acceptable system 
design. The experienced piping designer, with the knowledge and capability of 
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FIGURE B3.2 Area piping composite. 
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FIGURE B3.2 (Continued) Area piping composite. 
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FIGURE B3.3 A 3D CAD model used for interferences, equipment layout, and pipe routing. 


designing piping systems that are inherently flexible, was relied on to keep the 
number of computer iterations to a minimum. Today, this is much less of a problem 
with the advent of the personal computer and many computer programs for calculat- 
ing stresses in piping systems due to thermal expansion and other static and dynamic 
loads. However, the piping designer must integrate piping flexibility considerations 
into the piping layout. 

The piping designer should route piping with flexibility designed into it, using the 
minimum amount of pipe, fittings, and expansion loops by considering the following: 


* Avoid the use of a straight run of pipe between two pieces of equipment or 
between two anchor points. 


* A piping system between two anchor points in a single plane should, as a minimum, 
be L-shaped, consisting of two runs of pipe and a single elbow. This type of 
arrangement should be subjected to a *quick-check" analysis to determine if a 
formal computer stress analysis is required. A preferred solution in this case may 
be a series of two or more L-shaped runs of pipe. 
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* A piping system between two anchor points with the piping in two planes may 
consist of two L-shaped runs of pipe, e.g., one L-shaped run in the horizontal 
plane and another in the vertical plane. This arrangement should also be subjected 
to a quick-check analysis. 


* A three-plane configuration may consist of a series of L-shaped runs and/or U- 
shaped expansion loops designed into the normal routing of the system. 


* When the expected thermal expansion in any given run of pipe is high, consider 
the use of an anchor at or near the center of the run, thereby distributing the 
expansion in two directions. 


* For systems consisting of a large-diameter main and numerous smaller branch 
lines, the designer must ascertain that the branches are flexible enough to with- 
stand the expansion in the main header. 


* Systems which are to be purged by steam or hot gas must be reviewed to ensure 
that they will be flexible during the purging operation. 


* System or equipment bypass lines may be cold due to lack of flow while the main 
runs are at operating design temperature, resulting in excessive stresses. 


* Temperatures during initial start-up and testing are often greater than those at 
operating conditions. 


* Closed relief valve and hot blowdown systems should be given special attention 
due to rapid transients in temperature. 


In addition, the piping designer may use a variety of single- and multiplane 
piping arrangements, such as the L-shaped, the U-shaped, and the Z-shaped config- 
urations, in the normal routing of any system, as shown in Figs. B3.4 through B3.9. 

Chapter B4, Stress Analysis of Piping Systems, discusses in detail pipe stress 
analysis including quick-check methods that may be used by the piping designer 
to determine whether the system is flexible enough and to determine if a more 
rigorous analysis is required. 
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Valves 


The piping designer must be familiar with proper application of all types of valves 
including gate, globe, plug, butterfly, ball, angle, diaphragm, check, pressure relief, 
and control valves and their methods of operation including manual, chain, gear, 
air, hydraulic, or motor. The following general guidelines should be applied when 
locating valves in any piping system: 


* Valves should be installed with the stems between the vertically upward and 
horizontal positions with particular attention given to avoiding head and knee 
knockers, tripping hazards, and valve stems in the horizontal plane at eye level 
that may be a safety hazard. Large motor-operated valves should be installed in 
the vertical upright position where possible to facilitate support and maintenance. 


* Valves in acid and caustic services should be located below the plant operator's 
eye level or in such a manner as to not present a safety hazard. 


* The location of valves, with consideration for operating accessibility, should be 
accomplished in the natural routing of the system from point to point, avoiding 
the use of vertical loops and pockets. 


* Valves in overhead piping with their stems in the horizontal position should be 
located such that the bottom of the handwheel is not more than 6.5 ft (2 m) 
above the floor or platform. Only infrequently operated valves should be located 
above this elevation, and then the designer should consider the use of a chain 
operator or a platform for access. 


* Where chain operators are used, the valves should be located such that the chain 
does not present a safety hazard to the operating personnel. 


* A minimum of 4 in (100 mm) of knuckle clearance should be provided around 
all valve handwheels. 


* Valves should not be installed upside down. 
* Space should be provided for the removal of all valve internals. 


Improper application and placement of valves in the piping system can be detri- 
mental to system function. This can result in malfunction of the valve and in 
waterhammer, and this can cause the valves to literally self-destruct. What follows 
are some specific recommendations and methods of avoiding these problems for 
some specific types of valves. 


Control Valves. All control valve stations should be designed with the valve stem 
in the vertical upright position and a minimum of three diameters of straight pipe 
both upstream and downstream of the control valve, in order to reduce the turbu- 
lence entering and leaving the valve and to provide space for removal of the flange 
studs or bolts. Where applicable, this straight pipe will include the usual reduction 
in pipe size required to match the control valve size. Space must be provided for 
flange stud bolt removal where control valve bodies are designed for through- 
bolt installation. 


Butterfly Valves. Butterfly valves should be provided with a minimum of five 
diameters of straight pipe upstream of the valve; and if this requirement has been 
met, the valve stem and operator may be oriented in the position best suited for 
operation and maintenance. When a butterfly valve is preceded by an elbow and 
this straight-pipe requirement cannot be met, the valve stem must be oriented in 
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the same plane as the elbow. That is, if the elbow is in the vertical plane, the valve 
stem must also be in the vertical plane. This recommendation is based on the fact 
that the velocity profile of the discharge of an elbow is not symmetric. The result 
can be fluid dynamic torque that is twice the magnitude of that found for a valve 
with a straight run of pipe upstream. The resultant eccentric forces applied to valve 
disk produces excessive vibration and disk flutter which eventually may completely 
destroy the valve. 


Check Valves. The preferred installation of any check valve is in a horizontal, 
continuously flooded run of pipe with cap up; however, swing check valves will 
function properly in vertical runs of pipe with the flow up. However, the velocity 
and the rate of flow must be adequate to move the valve disk away from the seat 
and to maintain the valve in the open position, as required. 

Experience has indicated that check valves are highly susceptible to chattering 
due to upstream turbulence caused by elbows and branches. Therefore the designer 
should provide upstream straight pipe in accordance with the valve manufacturer's 
recommendations. However, where this information is not available, the preliminary 
design should include a minimum of five diameters of straight pipe upstream of all 
check valves. In addition, the designer should be aware that this requirement can 
be as much as 10 diameters of straight pipe depending on the type of valve and 
the manufacturer. 


Safety Relief Valves. The arrangement for installation of safety and relief valves 
is very critical and involves the actual location of the valve itself, the design of the 
vent stack, and the design of any associated drain piping. The designer should 
adhere to the valve manufacturer's recommendations and the following guidelines; 
however, these guidelines relate to the power industry and may be used elsewhere, 
as applicable. 


Valve Location 

* All relief valves must be in the vertical upright position and fitting-bound to the 
top of a horizontal run of pipe, the pressure source, and must not be located less 
than one nominal header diameter from any butt weld. 


* A safety valve inlet connection in a high-velocity steam line should be located 
at least 8 to 10 nominal header diameters downstream of any bend in the header, 
to minimize the possibility of acoustically induced vibrations. In addition, it should 
be at least 8 to 10 nominal header diameters either upstream or downstream of 
any diverging or converging T or Y fitting. 

* No other header branch penetration, for any purpose, should be made in the 
same circumferential cross section containing the safety valve inlet nozzle. 


* Where more than one safety valve or a service branch is to be installed in the 
same header run, a minimum distance of 24 in (600 mm) or 3 times the sum of 
the nozzle inside radii, whichever is greater, shall be provided between the nozzles. 


* Where more than two safety valves are located in the same header run, the 
spacing between valves should be varied such that the distance between two 
adjacent valves differs by at least an inlet nozzle diameter. 


Open Discharge. Open-discharge safety valve installations (see Fig. B3.10) 
should be in accordance with the following guidelines: 


* Open-vent stack diameters shall be the calculated minimum flow diameter re- 
quired for discharge venting without blowback, except as required to accommo- 
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FIGURE B3.10  Open-discharge safety valve. 


date the movement of the relief valve discharge from the cold to hot position 
such that the outlet pipe will be centered in the vent stack in the hot position. 
See Fig. B3.10. 


The vent stack entry diameter shall be maintained throughout the length of the 
vent stack; enlarged entry spools, later reduced in size to the calculated minimum 
flow diameter, are not acceptable. 

The relief valve outlet shall consist of the mating flange and a fitting-bound 
short-radius elbow, in order to minimize the moment and forces imposed on the 
valve body. 
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* Vent stacks should be routed, where possible, to provide a straight stack of 
minimum length. Where offsets or changes in direction are unavoidable, it is 
desirable to limit the change in direction to 30? or less; however, it could be more. 
The vent stack should terminate a minimum of 7 ft (2.2 m) or higher above the 
roof level. 

Closed Discharge. Closed-discharge piping systems (see Fig. B3.11) are those 

piped continuously from the valve discharge flange to a closed receiver, such as a 
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FIGURE B3.11 Closed-discharge safety valve. 
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condenser or blow-off tank. This type of system is required for feedwater heater 
shell side relief valves to provide protection against the effects of tube rupture, and 
may be used in other applications. Other than the normal considerations for design- 
ing pipe, there are no specific guidelines for the design of closed systems. 

Drains. Relief valve and open-vent stack drains are important, in varying 
degrees, as discussed in the following: 


* The discharge elbow and above seat body drain points are the most critical for 
safe valve operation. These drains should be collected into a common, closed 
drainage system and routed to a point where the drain can safely blow to atmo- 
sphere. This system must be sloped continuously downward and stress-analyzed 
to ensure that no strain is imposed on the valve body. 


Some relief valves now incorporate a relatively large valve top vent connection 
that is pressurized when the valve blows. This connection may be piped into the 
combined discharge elbow and valve body drain system and continued, at full- 
vent pipe size, to the point of the drain discharge. 


* The open-discharge vent stack drip pan drain connection is of the least importance 
and is only intended to carry away any rainfall entering the stack and the residual 
condensate from the stack following a steam blow. 


Piping of Centrifugal Pumps 


The piping of centrifugal pumps, particularly the suction piping, can seriously affect 
the operating efficiency and life expectancy of the pump. Poorly designed suction 
piping can result in the entrainment of air or vapor into the pump and cause 
cavitation, which displaces liquid from within the pump casing, results in vibrations, 
and throws the pump out of balance. The cavitation alone can result in severe 
erosion of the impeller. The out-of-balance condition may result in a slight eccentric 
shaft rotation, which will eventually wear out the pump bearings and seals, requiring 
a pump shutdown for overhaul. When routing piping at pumps, the designer should 
follow the manufacturer's recommendations, the Hydraulic Institute Standards, and 
the following guidelines: 


* The suction and discharge piping must be supported independently of the pump 
such that very little load is transmitted to the pump casing. The designer may 
consider the use of expansion joints on either the suction or discharge, or both, as 
necessary. However, expansion joints should be used only when it is unavoidable. 


* Thesuction of any centrifugal pump must be continuously flooded, and the suction 
piping shall contain no vertical loops or air pockets. 


* Whena reduction in pipe size is required at the pump suction, provide an eccentric 
reducer flat side up. See Fig. B3.12. 


* The suction side elbow in the piping at horizontal double suction pumps may be 
fitting-bound and in the vertical plane with the flow from either above or below 
the pump. 

When the suction piping is in the horizontal plane, provide a minimum of three 
to four diameters of straight pipe between the pump suction connection and the 
first elbow; the eccentric reducer noted above may be included in this straight 
section. 


Only long-radius elbows are to be used at or adjacent to any pump suction con- 
nection. 
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ECCENTRIC REDUCER 
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FIGURE B3.12 Pump suction reducer. 


* All pump suction lines must be designed to accommodate a conical-type tempo- 
rary strainer. 


* A pipe anchor must be provided between any expansion joint or nonrigid coupling 
and the pump nozzle that it is designed to protect. 


* When pump flanges are cast-iron flat-faced, the mating flanges must also be flat- 
faced and the joint made up with full-face gaskets and common steel bolts (ASTM 
A 307, Grade B), not high-strength bolts (ASTM A193, Grade B7). 

Refer to the Hydraulic Institute Standards for arrangement of pump piping. 


Vents and Drains 


During the course of physical routing of any system, the designer should provide 
high-point vent and low-point drain connections for the following purposes: 


* The filling of the piping system with water for hydrostatic testing and operation 
and the evacuation of entrapped air in the process 


¢ The evacuation of all water used for hydrostatic testing and operation during 
periods of start-up and maintenance 


High-point vents that will be used frequently should be piped down to an area 
where they can be accessed from the floor. When these vents are left out of reach, 
they tend not to be used. Systems subject to thermal expansion should be reviewed 
to ensure that they can be properly drained in both the hot and cold positions. 


Buried Piping Systems 


The economics of installing piping systems have proved that burying pipe in lieu 
of installing pipe aboveground provides a significant cost savings in both bulk 
footage and pipe supports. All system piping should be evaluated for underground 
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installation if possible to decrease the TIC. Low-pressure and low-temperature 
systems such as for component cooling and demineralized water are good examples 
of piping that should be buried. Nonmetallic piping materials can be successfully 
used for buried applications in lieu of metallic piping, carbon steel, or stainless 
steel which need to be coated and wrapped to protect against galvanic corrosion, 
resulting in an expensive installation. 


Pipe Racks 


Pipe racks are structures designed and built specifically to support multiple pipes 
where adequate structure is not available. Pipe layout on pipe racks should follow 
the Pipe Planning Study concepts. Avoid designing one pipe at a time in order to 
avoid unnecessary overcrowding and fittings for pipes to enter and depart from the 
rack. Where possible, pipes should rest directly on the rack with the use of an 
insulation, if required. Steam piping should exit the rack with a vertical up-and- 
over to avoid condensate collection points, while water piping should exit the rack 
with a vertical down-and-under to avoid a high-point air pocket collection point. 


Pipe Supports 


Pipe supports require structural support, which means that piping should be located 
in close proximity to steel or concrete. Do not locate the pipe too close to the 
structure, so as to allow adequate space for the pipe support hardware to facilitate 
installation. Additionally the pipe insulation needs to be considered for clearances 
and insulation saddles. The most preferred location is either resting directly on 
structural steel for bottom support or using a single rod to the structure directly 
above the pipe. 

The design and engineering of pipe support systems are covered in detail in 
Chap. B5; however, it is the responsibility of the piping designer to give serious 
consideration to the means of support during the piping layout, and in doing so, 
many pipe support problems may be either minimized or avoided altogether. For 
this reason, the piping designer should be familiar with the commercially available 
pipe support components and their application. Piping should be routed such that 
the support designer can make use of the surrounding structure to provide logical 
points of support, anchors, guides, or restraints, with ample space for the appropriate 
hardware. Banks of parallel pipelines at different elevations should be staggered 
horizontally and spaced sufficiently apart to permit independent pipe supports for 
each line. Piping on pipe racks should be routed using bottom-of-pipe (BOP) 
elevations. The piping designer should work closely with the structural engineer in 
the spacing of the pipe rack supports and the method of intermediate support to 
prevent pipe sagging. 


Insulation 


The engineering and selection of thermal insulation materials are covered in Chap. 
B7, and the piping designer should be familiar with these requirements and specifi- 
cally with the thickness of insulation for any given system. In the location and 
spacing of piping systems, there must be clearance space between the insulation of 
one pipe and any adjacent pipe and/or other possible interference such as structural 
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steel. The piping designer should also recognize that in some applications insulation 
may not be required for the prevention of heat loss but will be needed for personnel 
protection, and the spacing and clearances should be adjusted accordingly. 


Heat Tracing 


Heat tracing is required when there is concern that the pipe may be damaged due 
to freezing or that the line needs to maintain a temperature higher than ambient 
(i.e., caustic piping). The designer must provide the space and clearances for either 
electric or steam heat tracing and its outer insulation when routing the primary 
system pipe. The detail design requirements for these systems are covered in 
Chap. B6. 


Operability, Maintenance, Safety, and Accessibility 


Operability, maintenance, safety, and accessibility are interdependent, and certainly 
if any given piping component is accessible, it is also assumed to be operable and 
maintainable. However, maintenance may require additional space for dismantling 
the component, as noted elsewhere in this chapter. It is the responsibility of the 
piping designer to design a piping arrangement that satisfies all these (and other) 
requirements with the lowest total cost, i.e., resulting in the shortest pipe runs and 
the fewest fittings and pipe supports. 

Operability, from the standpoint of operating personnel, means being able to 
perform daily functions in an efficient manner. This is done with consideration for 
the frequency of operation and the degree of physical effort required to perform 
it. The designer cannot make every valve and instrument ideally accessible, but 
will concentrate on those requiring the most frequent operation. Safety-related 
equipment and valves that are required to be operated during an emergency or to 
perform critical system functions must be accessible without exception. To ensure 
success, the designer, system engineer, and operating personnel work out the final 
arrangement. Sometimes input from construction, start-up, and vendor personnel 
is needed. Formerly in difficult cases, models or even full-size mock-ups have 
been used as design aids. Today the trend is toward virtual reality. Under today's 
conditions the whole process can be accelerated and, when done effectively, accom- 
plished at lower cost than formerly. Additional considerations are discussed in other 
sections of this chapter. In general, an operable valve or instrument is one that can 
be readily reached when standing at grade or on an elevated floor or platform 
provided for that purpose. The position of the valve handwheel should be such 
that the force necessary to operate it can be applied without strain or undue 
contortions or interference from valves, lines, or other equipment. It is recognized 
that plant operating personnel will occasionally have to reach for a drain from a 
kneeling position or a vent valve from a ladder, but these are infrequent operations 
and as such can be tolerated. 

Ease of maintenance actually begins with the development of the plant arrange- 
ment and equipment locations by providing sufficient space around each piece of 
equipment not only for the maintenance of the machinery alone but also for the 
pipe and the maintenance of the related components. These space allocations should 
include the pull spaces, laydown spaces, and rotor and tube removal spaces for the 
dismantling of all pieces of equipment. The engineering of the system P&IDs will 
indicate the need for maintenance facilities in the form of bypasses and block valves 
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that would permit certain pieces of equipment or components to be worked on 
while the system is operating, or at least with a minimum of downtime. However, 
it is then up to the designer to design these facilities into the system and to provide 
the accessibility necessary to accomplish that maintenance, including the provision 
for any lifting gear such as cranes, davits, monorails, and hoists. 

There are numerous national, state, and local codes and standards relating to 
safety, the most notable of which is the Occupational Safety and Health Act of 
1970 (OSHA), which became law on April 28, 1971. Several thousand specific safety 
and health standards are being enforced under OSHA. These standards have been 
selected from the key safety standards developed by the American National Stan- 
dards Institute (ANSI); the American Society of Mechanical Engineers (ASME); 
and the American Society for Testing and Materials (ASTM); and others, such 
as the American Water Works Association (AWWA), the American Petroleum 
Institute (API), and the National Fire Protection Association (NFPA). 

Stairs, platforms, ladders, aisles, means-of-egress aisleways, and minimum head- 
room allowances designed in accordance with OSHA will provide a safe place to 
work. It is the responsibility of the piping designer to place equipment, valves, and 
other piping components in such positions that they do not create hazards. These 
hazards could include any piping components that presented themselves as “head 
knockers," *knee knockers," or trippers. The most common cause of these problems 
is valve stems, and common sense would say to place a valve in a horizontal run 
of pipe with the stem vertical, wherever possible. When this cannot be done, the 
designer should ascertain that the stem does not project into an access area and 
become a hazard. The designer should make every effort to keep such projections 
out of heights of 4% to 6 ft (1.5 to 2 m), or specifically at face level. Steam system 
valves must not be placed at face level in the horizontal position since a packing 
gland leak may blow steam into the face of an operator; if this were a superheated 
steam leak, the vapor would not be visible. This same principle applies to hazardous 
and toxic fluids. However, this may be too restrictive, and it is not meant to rule 
out any perfectly safe arrangement of valves at face level if 


* They are outside the limit of a platform. 


* They are a part of a manifold of valves, all projecting about the same distance 
and with adequate access space in front of them. 


* It is an isolated valve guarded by an adjacent pipe or structural steel. 


Accessibility has already been discussed at length in terms of space and the 
normal platforms and stairways provided in any plant; however, the designer should 
review the layout and determine if there is a need for any platforms which access 
a remotely located valve or component. 


Interfacing Disciplines and Organizations 


Piping design requires coordination and cooperation with all interfacing disciplines 
including civil, electrical, instrumentation, and construction. Piping arrangements 
should blend with the layout design of interfacing disciplines. Pipes that require 
extensive support schemes in lieu of being conveniently located near structural 
support steel should be avoided. Pipes or electrical trays that twist and turn to 
avoid one another should be uniformly designed in a coordinated design effort 
which reduces congestion and reduces TIC. Most piping designs are not completed 
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by a single designer or company, which makes the coordination between designers 
and different organizations critical. The best way to address this concern is to agree 
to specific divisions of responsibility in the planning phase of the project. 


Electrical Tray and High-Temperature Piping Interfaces 


High-temperature piping must not be located near electrical trays, wherever possi- 
ble. This piping should cross over trays, not under them. The radiant heat could 
have an adverse effect on the cables. Electrical equipment maintenance space should 
be identified and accounted for in all piping passing near this equipment. 


SPECIFIC SYSTEM CONSIDERATIONS 


The power industry, through its many years of experience, has found that piping 
arrangements and layout can influence the functionality of a piping system. This 
section will present specific system guidelines and considerations that will enable 
the piping designer to minimize that influence. 


Main Steam and Hot and Cold Reheat 


In any power plant, be it a base-loaded electric power generation station or an 
industrial facility power plant, the main steam system is the backbone of the installa- 
tion since it ties together the two most important and most costly pieces of equip- 
ment, the steam generator and the turbine, and is also usually the first system 
designed, giving it the preference in space allocation and routing. The recommenda- 
tions of the following references should be incorporated in the design of the main 
steam and reheat steam piping systems. 


1. ANSI/ASME TDP-1-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Fossil), Ameri- 
can Society of Mechanical Engineers, New York. 


2. ANSI/ASME TDP-2-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Nuclear), Ameri- 
can Society of Mechanical Engineers, New York. 


Adherence to the following guidelines will ensure that the system performs its 
intended function: 


e All piping in this service should be sloped down a minimum of ¥% in/ft (10 mm/ 
m), in the direction of flow. Extensive evaluation and design are required for 
lines that do not slope in the direction of flow to ensure that condensate is 
collected and drained adequately. 


* The final design of the main steam and hot reheat lines should be reviewed, with 
consideration for thermal growth, to determine the location of any necessary low- 
point drains and to ensure that the system can be completely drained in both the 
hot and cold conditions. When these lines are split into more than one branch 
into the turbine, each branch should be reviewed for low points. Provide a drain 
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connection in each branch as close as possible to the turbine stop valve. All drain 
lines and large valve drain ports should have an inside diameter of not less than 
1 in (25 mm), to prevent plugging. Main steam piping drains should not be piped 
together with any other drains from the boiler. In addition, this review should 
ensure that no condensate can collect in any undrained portion of the system 
during shutdown. 


* Provide a drain pot at the low point of each cold reheat line, which should be 
fabricated from NPS 6 (DN 150) or larger pipe and be no longer than required 
to install the level-sensing devices. Each pot should be provided with a minimum 
NPS 2 (DN 50) drain line and a full-sized, full-ported automatic power-operated 
drain valve. Each drain pot should be provided with a minimum of two level- 
sensing devices. 


* Steam lines that are fitted with restricting devices such as orifices or flow nozzles 
should be adequately drained upstream of the device. 


* Valves in all steam services should be installed with the valve stem in the vertical 
upright position to prevent the entrapment of fluid in the bonnet. Where this is 
not practical, the stem may be positioned between the vertical and horizontal 
positions, but in no case below horizontal. 


* Main steam safety relief valves should be fitting-bound to the main steam headers. 


* Sufficient space should be provided around any steam line to allow for insulation, 
pipe supports and anchors, thermal growth, machine welding, and maintenance 
repairs and replacements. 


Turbine Extraction Steam 


Most steam turbines are provided with one or more low- to intermediate-pressure 
steam extraction points either for boiler feedwater heating or for industrial process 
service and heating. These systems are extremely critical, particularly from the 
standpoint of water damage, and must be designed in accordance with the following 
standards and guidelines: 


ANSI/ASME TDP-1-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Fossil), Ameri- 
can Society of Mechanical Engineers, New York (Ref. 1). 


ANSI/ASME TDP-2-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Nuclear), Ameri- 
can Society of Mechanical Engineers, New York (Ref. 2). 


* The routing should be as short and as direct as possible with consideration for 
thermal growth and piping flexibility. 

e Extraction steam piping should be sloped down a minimum of ¥% in/ft (10 mm/ 
m), in the direction of flow. Extensive evaluation and design are required for 
lines that do not slope in the direction of flow to ensure that condensate is 
collected and drained adequately. 


* Bleeder trip valves must be located as close to the turbine extraction point as 
possible, while at the same time keeping the total volume of the system within 
the turbine manufacturer's recommendations. 
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* When extraction steam piping is routed through the condenser neck, an expansion 
joint must be provided in each line and located at the turbine nozzle. The bleeder 
trip valves in these lines must be located just outside the condenser neck. 


* A drain should be located at the low point in the extraction pipe between the 
turbine and block valve and routed separately to the condenser. A power-operated 
drain valve should be installed in this line that opens automatically upon the 
closure of the block valve in the extraction pipe. 


* There should be no bypasses around the extraction line shutoff or nonreturn 
valves. 


* Unavoidable vertical loops which create low points in the piping downstream of 
the bleeder trip valves must be provided with continuously drained drip pots. 


* Provide a minimum of five diameters of straight pipe downstream of all bleeder 
trip valves. 


* Provide maintenance access to all bleeder trip valves including any miscellaneous 
platforms, if needed. 


Condensate 


The condensate collection system from the condenser hotwell presents a unique 
set of parameters since we are dealing with water at slightly elevated temperatures 
and at a vacuum pressure. These conditions make the condensate pump suction 
piping susceptible to flashing and cavitation. The following guidelines apply to the 
design of condensate pump suction and discharge piping: 


* Where two or more condensate pumps are used, the individual runs to each pump 
must be similar, and if a suction manifold or header is used, the individual pump 
suction lines from that manifold or header must be similar. 


* When the manifold or header is larger than the pump suction size, the manifold 
or header should be made up of full-sized tees and eccentric reducers, flat side up. 


* Each individual pump suction run should be sloped down a minimum of ¥ in/ft 
(10 mm/m) toward the pump and be self-venting back to the condenser. 


* Provide a minimum of three to four diameters of straight pipe in the pump 
suction line; in addition, these lines must be fitted with expansion joints and start- 
up strainers. 


* The condensate pump discharge check valve must be located below the hotwell 
water level and be continuously flooded. 


* The discharge header outlet should not be located between the pump discharge 
connections to the header, to avoid a counterflow condition. 


* The condensate pump recirculation control valve should be located at the con- 
denser nozzle. 


Feedwater 


The boiler feedwater pumps normally take suction from the deaerator storage tank, 
discharge to the feedwater heaters, and then supply the boiler. Here, too, the 
designer has to deal with the possibility of flashing fluid and must ensure that the 
deaerator storage tank is located at an elevation that will provide sufficient net 
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positive suction head (NPSH) at the pump. The following guidelines apply to the 
design of this piping: 


The pump suction piping from the deaerator storage tank should drop vertically, 
avoiding any long horizontal runs of pipe. If short horizontal runs are unavoidable, 
they should be angled vertically down. 


A minimum of 3 diameters of straight pipe is required at the pump suction. The 
pump suction strainer may be located in this run of pipe. 


If a reducer is required at the pump suction, it must be eccentric and installed 
with the flat side up. 


The feed pump discharge swing check valves should be located in horizontal runs 
of pipe only. 

The feed pump recirculation line control valve should preferably be located at 
the deaerator storage tank. Horizontal runs are to be avoided in this line at the 
tank. If the control valve is located in a branch from the pump discharge, the 
line downstream of the valve must be continuously flooded. 


Turbine Drains 


This system consists of the turbine casing drains from the turbine to the condenser, 
a drain collection manifold at the condenser, or other drain vessel as indicated on 
the system P&ID. The designer should comply with the following standards and 
consider the guidelines listed below for the physical design of these drains: 


ANSI/ASME TDP-1-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Fossil), Ameri- 
can Society of Mechanical Engineers, New York (Ref. 1). 


ANSI/ASME TDP-2-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Nuclear), Ameri- 
can Society of Mechanical Engineers, New York (Ref. 2). 


Turbine drain lines and valve ports should be sized for the maximum amount of 
water to be handled under any operating condition, but in no case may they be 
less than NPS 34 (DN 20). 


Drain lines should be designed for both hot and cold conditions and should slope 
continuously downward in the direction of flow. Flexibility loops, when required, 
should be in the plane of the slope or in vertical downward runs. 


Continuous drain orifices, when used, should be located and designed so that 
they may be cleaned frequently and will not be susceptible to plugging by debris. 


Steam traps are not satisfactory as the only means of draining critical lines; 
however, they may be used in parallel with automatically operated drain valves. 


No part of any drain line may be below its terminal point at the condenser, drain 
collection header, or other drain vessel. 


Only drain lines from piping systems of similar pressure may be routed to a 
common manifold. 


All drain and manifold connections to the condenser must be above the maximum 
hotwell water level. 
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* Drainage from other vessels, such as feedwater heaters, steam jet ejectors, and 
gland steam condensers, that drain water continuously must not be routed to 
turbine cycle drain manifolds. 


* Drain lines should be connected at a 45? angle to the manifold axial centerline with 
the drain line discharge pointing toward the condenser. Drain line connections at 
the manifold should be arranged in descending order of pressure, with the highest- 
pressure source farthest from the manifold opening at the condenser. 


* Drain connections to flash tanks must be above the maximum water level in 
the tank. 


* Drains from the upstream and downstream sides of shutoff valves must not be 
interconnected. 


* Drain lines in exposed areas should be protected from freezing. 
* Allturbine drain drawings must be reviewed and approved by the turbine supplier. 


Heater Drains 


The heater drains system consists of the feedwater heater drains from one heater 
to another at a lower pressure, to a drain tank, or to the dump line to the condenser. 
The designer should comply with the following standards and consider the guidelines 
listed below for the physical design of these drains: 


ANSI/ASME TDP-1-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Fossil), Ameri- 
can Society of Mechanical Engineers, New York (Ref. 1). 


ANSI/ASME TDP-2-1985, Recommended Practices for the Prevention of Water 
Damage to Steam Turbines Used for Electric Power Generation (Nuclear), Ameri- 
can Society of Mechanical Engineers, New York (Ref. 2). 


* Drain piping from feedwater heaters without an internal drains cooler must 
immediately drop vertically to provide as much static head as possible upstream 
of the heater level control valve. Thereafter any horizontal runs must be sloped 
down a minimum of !A4 in/ft (20 mm/m) in the direction of flow. 


* Drain piping from feedwater heaters with an internal drain cooler may be routed 
horizontally without sloping upon leaving the heater. 


* Heater level control valves should be located as close as possible to the receiving 
vessel, with consideration for ease of access and maintenance. 


* The heater drain system arrangements must be coordinated with the system 
engineer for analysis to ensure that single-phase water flow is maintained upstream 
of the heater level control valves and to determine where downstream velocities 
may require tees and target plates in lieu of elbows for minimizing erosion. 


* Heater drain dump lines should enter the condenser at approximately the hori- 
zontal centerline of the tube bundle. This location should be coordinated with 
the condenser manufacturer, who will provide the necessary baffle plates to 
prevent impingement on the condenser tubes. 


* Only long-radius elbows should be used in heater drain piping. 


* The use of reducers should be avoided, except at the control valves, which are 
generally smaller than the line size. 
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Compressed Air 


The compressed-air systems provide service air and instrument air throughout the 
plant. The following guidelines apply to the design and layout of these systems: 


* Refer to the compressor manufacturer's instruction manual for the recommended 
relative lengths of intake and discharge piping versus compressor revolutions per 
minute (rpm). 

* The compressed-air system equipment arrangement and piping design should be 
such that the air receiver is the lowest point in the system and any condensate 
in the system will drain to the air receiver, particularly during periods of shutdown 
when large amounts of condensate can form. The point here is to preclude any 
possibility of condensates draining back to the air compressor, where it could 
cause extensive damage. The compressor discharge piping should be as short and 
direct as possible through the aftercooler and into the air receiver. The com- 
pressed-air system distribution lines and risers should originate from a separate 
outlet connection on the air receiver and should be sloped back to the air receiver. 


* Compressed-air line header branches should have vertical risers and be drained 
at their terminations. 


* Individual service branches should be taken off the top of the headers. 


Floor and Equipment Drains 


Floor and equipment drains in process plants are actually a process system and 
should be considered in the overall equipment layout design process. All equipment 
should be carefully evaluated for drain requirements, and a drain hub should be 
provided for pipes that produce continuous flow. The equipment drain system 
requires a thorough understanding of the equipment and system function because 
the drains are designed and issued for construction prior to receipt of finalized 
vendor information. Drain hubs should not be located more than 6 in (150 mm) 
away from the equipment pads, to prevent them from becoming tripping hazards. 


Sump Locations and Pump Discharge 


Piping and plant layout should always consider the sump locations as significant 
due to their impact on overall construction. Civil structural problems can occur 
when the sump size and location are not evaluated prior to determining a final 
sump location. Sump discharges should have a nonreturn valve to prevent the 
draining of the discharge piping. This is required to keep the discharge line solid 
and to avoid waterhammer. 


Fire Protection 


The fire protection system usually consists of two or more fire pumps taking suction 
from the fire water source with the discharge of each pump independently connected 
to the underground fire main and as widely separated as possible. The underground 
fire main loop shall completely encircle the plant and may serve multiple sites if 
cross-connected between units. The National Fire Protection Association codes and 
the following guidelines may be used to design and lay out the yard fire main loop: 
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* Locate the yard fire main such that all fire hydrants will be a minimum of 50 ft 
(15 m) from any building or structure whenever possible. 


* The underground fire main shall be sectionalized in accordance with NFPA code 
using post indicator valves. 


* Post indicator valves shall be provided on each side of any fire pump discharge 
connection into the fire main loop. 


* All fire protection system branches from the yard fire main loop shall be provided 
with a shutoff valve located not less than 40 ft (12 m) from the building or 
structure being served. 


* Two-way fire hydrants with individual curb boxes should be provided at 250- to 
300-ft (75- to 90-m) intervals along the yard fire main loop. 


Water fire-extinguishing systems within any building may consist of automatic sprin- 
kler systems, spray systems, deluge systems, and hose stations, as determined by 
the project engineering group. The following guidelines shall apply to the design 
of these systems: 


* Large areas, such as below the turbine operating floor, should be divided into 
sectors each served by an individual branch from the yard fire main loop. 


* Each sector should be controlled by an exterior post indicator valve and an alarm 
check valve or automatic valve located inside the building. 


* The maximum area served by any one alarm check valve or automatic sprinkler 
valve shall not exceed 25,000 ft? (7620 m?). 


* The maximum number of sprinkler heads in any sector shall not exceed 275. 


* Provide automatic wet sprinkler systems in the area of the tube oil system below 
the turbine operating floor and in the ceiling of the clean and dirty tube oil storage 
tank room. 


* Separate water spray systems should be provided in the area of the tube oil 
system, in addition to the wet sprinkler system noted above, and in the area of 
the hydrogen seal system. 


* Standpipes and hose stations should be provided in accordance with the NFPA 
code as a complement to the automatic suppression systems noted above. 


* The hose stations on any given floor should be fed from above to avoid creating 
a series of unvented high points. 


Cooling Water Systems 


There are several types of cooling water systems utilized today in the engineering 
and design of power generation, petrochemical, and industrial plants. The most 
common system in use for many years in power generation was the direct use of 
the water from the nearby river, bay, or ocean. In this system a water intake 
structure is located along the shoreline and includes as a minimum circulating water 
pump(s), piping, both fixed and traveling intake screens, and the necessary crane 
facilities for the removal, replacement, and maintenance of the pumps and their 
motors. The intake screens are provided to prevent fish, crabs, and other debris 
from entering and damaging the pumps. In addition to this main cooling water 
system, there may be one or more service water systems for other equipment 
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throughout the plant. The following guidelines apply in the design and routing of 
these systems: 


* Where butterfly valves are used, follow the guidelines provided for valves. Any 
given heat exchanger inlet and outlet valves should be located close together for 
balancing the system. 


* Avoid unnecessary vertical loops in any closed cooling water system. This type 
of system will usually include an expansion tank, which should be located at or 
above the highest point in the system, and the outlet from this tank should be 
piped directly to the pump suction. 

* For piping at centrifugal pumps, follow the guidelines provided for piping of 
centrifugal pumps. 

* Consult the Hydraulic Institute standards and the pump manufacturer's guidelines 
for layout and arrangement of deep-well type of pumps. 


Since the temperature in these systems is not high and does not vary widely, 
piping offsets to accommodate thermal expansion and/or contraction are not of 
paramount importance. 


APPLICATION OF COMPUTER-AIDED DESIGN TO 
PIPING LAYOUT 


The piping industry today is very diverse in its use of computer-aided design. This 
diversity is shown by the various levels of sophistication of the CAD applications 
in use by different segments of the industry. Even within the same company, the 
sophistication of CAD use can vary widely from discipline to discipline, department 
to department. This diversity ranges from a surprisingly large portion of the industry 
in which there is little use of CAD to a few who claim to be approaching a paperless 
office. Between these two extremes, most of the industry appears to be using CAD 
as computer-aided drafting. In this sense, CAD becomes an electronic pencil, not 
necessarily a design tool. 

The meaning of the term CAD has evolved as quickly as the technology itself. 
From its original use as an acronym for computer-aided drafting, it has spawned a 
whole family of related acronyms: CADD (computer-aided drafting and design), 
CAE (computer-aided engineering), CAM (computer-aided manufacturing), and 
so on. Many of these terms have been applied when describing the design and 
layout of piping systems. In the minds of many people, CAD and its related acronyms 
are still envisioned as simply automated drafting, where CAD is basically the 
substitution of drawing boards with CAD terminals. While computer-aided drafting 
represents a significant portion of the application of CAD to piping layout, this is 
changing rapidly. In this section, applications beyond simple drafting will be dis- 
cussed. Therefore the acronym CAD will mean computer-aided design and will 
refer to both design and drafting activities related to piping layout. 

The entire field of design automation, including CAD, is changing so rapidly 
that it would be of little value to make recommendations regarding specific hardware 
and software systems. What may be the best or most cost-effective system today 
may be out of the picture tomorrow. However, there are some fundamental issues 
associated with the selection and implementation of a CAD system which should 
be considered, regardless of the specific supplier of hardware and software. 
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Computer-Aided Drafting 


Currently, as indicated previously, the most significant use of CAD for piping layout 
is for drafting. Many software systems exist which can function on nearly every type 
of computer hardware available, including mainframe computers, minicomputers, 
workstations, and personal computers. Today, the use of CAD for two-dimensional 
drafting is dominated by CAD software for personal computers. In selecting a system 
for producing piping drawings, there are several issues which must be considered, 
regardless of the hardware to be used. 


User-Definable Symbols and Menus. Any CAD software, if it is to be of long- 
term benefit, must provide the capability to define its own drafting symbols and 
menus (e.g., tablet, on-screen) for selecting these symbols. Since piping drawings 
make extensive use of symbology, defining symbols is of critical importance for 
significantly increasing drafting productivity. This capability allows the user organi- 
zation to create and manage libraries of its own symbols, standard details, and 
standard notes, which can be easily and automatically included in any drawing. 


Use of Standard Hardware. Traditionally, many CAD systems were provided by 
the vendor as a turnkey system that included both hardware and software. In these 
cases, the CAD software was designed to operate specifically on the hardware 
provided by the vendor. Today, however, many vendors have decoupled the hard- 
ware and software, which allows the software to run on a number of hardware 
platforms. In fact, most of the major providers of CAD software for drafting 
provide only software, with the users acquiring the hardware and operating system 
independently. This is particularly true for the personal-computer-based CAD sys- 
tems. By selecting software which can function on a number of types of hardware, 
the user has the flexibility to more fully take advantage of rapid changes in the 
hardware market, i.e., decreasing prices with improved performance. If the CAD 
software can function only on the hardware from one specific vendor, then the user 
must rely on the hardware vendor to keep pace with the rest of the industry. 


Availability of Third-Party Software. Certainly not every user can have the luxury 
of developing dedicated software, particularly beyond the development of symbol 
libraries and menus. Therefore, before selecting a CAD system, the user should 
determine how much application software is available from the vendor or from 
third parties. For piping layout, the most important applications to look for are 
those intended for generating orthographic piping drawings and piping isometric 
drawings. Application software, specific to piping layout, can significantly increase 
the productivity of the application of CAD. If little or no applications software 
exists for the CAD system under consideration, then the user will likely have to 
develop his or her own applications software or fail to realize the full value of the 
CAD system. 


Support of User-Developed Software. In cases where no applications software 
exists, perhaps due to the uniqueness of the user requirements, the user needs to 
ensure that application software can be developed for the specific CAD system. 
As a minimum, the system should support developing simple “macro” commands 
which execute a series of commands in response to a single command. Many systems 
have macro languages which offer much of the functionality of general-purpose 
programming languages. For more sophisticated applications, the system should 
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provide interfaces to software written in other programming languages, such as 
Fortran or C. 


Support for Multiple Users. Piping layout is not done in isolation and must inter- 
face design information and drawings from other piping designers as well as other 
disciplines. Therefore, the CAD system must support this type of activity. The 
CAD system should provide the capability for a designer to have read-only access 
to the CAD files of other designers for reference, interference checking, or use as 
background information for the piping drawings. Systems which have this capability 
often refer to it as a reference file capability. This allows one designer to see the 
file of another designer, as if it were part of his or her file; however, the data cannot 
be changed. For personal-computer-based CAD systems, this requires that they be 
part of some type of local or wide-area network. Without this capability in the 
CAD software or for personal computers which are not in a network, the data from 
other designers must be copied and incorporated into the designer's file. This does 
not allow the designer to see the active data of other designers. In addition, it also 
greatly increases the storage requirements since many drawings are duplicated, 
perhaps numerous times. Most importantly, this introduces a more complicated file 
management problem, making it more difficult to (1) know which file has the most 
up-to-date information and (2) ensure that everyone references the current data. 


Database Capabilities. To utilize the CAD system for more than just drafting 
requires that the system have the ability to create drawings which, in addition to 
the drawing graphics, contain (or reference in database) other information which 
can be extracted from the drawing, such as valve numbers and/or line numbers. 
With this type of capability, bills of material can be generated automatically from 
the piping drawings. It is even possible to generate the input to the piping stress 
analysis program from a piping isometric. However, note that merely having a basic 
database capability does not mean that it can be effectively used for extracting data 
from piping drawings. This is the role of applications software developed specifically 
for piping which automatically generates and manages this information during the 
creation of the drawing. In the absence of piping applications software, the designer 
would be required to key in a significant amount of data while generating the 
drawing. This not only dramatically decreases the productivity of the drawing pro- 
duction process, but also greatly increases the possibility of errors. 


Training and Implementation. In the past, much of the cost of implementing the 
traditional turnkey CAD systems was in the hardware and software. Today, as the 
cost of hardware and software continues to decline, the majority of the cost is 
shifting from hardware and software toward training and support. Therefore, the 
costs associated with the training and implementation of a CAD system, even for 
two-dimensional drafting, should not be underestimated. In fact, experience has 
shown that the relative effectiveness of a CAD system is directly related to the 
amount of training and support the individual users receive. 

The precise method of implementing a CAD system is dependent on the com- 
pany's current organization and method of executing work. Centralized CAD groups 
working multiple shifts were often the norm with the installation of the large turnkey 
systems. Now, however, as the cost continues to decrease and the piping design 
industry in general increases its sophistication in the use of CAD, more effective 
uses of CAD are being made by placing the workstations right in the piping design 
groups. Many companies started by training their drafting personnel. But again, 
experience has shown that even more effective use can be made of the CAD system 
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by training senior-level piping designers. Instead of creating sketches which are 
then passed on to a drafter, the designer, using the CAD system and piping layout 
applications software, can create an electronic sketch which is very nearly a finished 
drawing, leaving very little to do in the way of drafting. This approach can greatly 
increase the productivity of the whole design and drafting cycle. 


Computer-Aided Design 


While the use of CAD for two-dimensional drafting in support of piping layout 
can provide a number of productivity benefits, there are inherent limitations as to 
overall benefits to the entire design, fabrication, and construction cycle. While 
providing benefits in producing the piping drawings (e.g., drafting quality, drafting 
productivity) and possibly in generating bills of materials, it offers little in the way 
of improving design productivity. Also, the cost and effort required for interference 
detection are only marginally improved. Thus two-dimensional drafting, while im- 
proving drafting quality and productivity, does little for improving design quality 
and productivity. 

The use of three-dimensional (3D) modeling offers a significant step forward in 
improving piping design productivity and quality. Systems for 3D piping modeling 
have existed since the 1970s in a variety of forms. The early systems were geared 
primarily toward interference detection and materials management and really were 
not used as design tools per se. Today, a number of systems exist which address 
the entire piping design cycle. In selecting one of these systems, all the issues which 
applied to computer-aided drafting apply to 3D piping design systems. However, 
there are a number of other issues which must also be considered. 


Interactive Design. To truly improve piping design productivity, the software 
should provide the capability to interactively lay out the piping systems directly in 
the 3D computer model. This allows the piping designer to sit at the graphics 
workstation, viewing the 3D model, and directly add new piping or modify existing 
piping. Without this capability, the system can provide other benefits, such as in 
interference detection, but will not necessarily improve the piping design productiv- 
ity. In fact, without interactive design capabilities, another step is added to the 
process for entering the data into the 3D model from the 2D design drawings. 
Many CAD systems provide interactive 3D modeling capabilities, but these are not 
usually sufficient for 3D piping design. Applications software, specifically aimed at 
piping design, is required to realize gains in design productivity. Without this type 
of applications software, 3D modeling is probably only effective for early conceptual 
design and perhaps detailed modeling of very specific problem areas. 


Interference Detection. A major advantage of using 3D computer modeling for 
piping layout is the ability to automatically check for interferences. This alone can 
provide a significant improvement in design quality by making it possible to issue a 
“provable” design, i.e., an interference-free design. Many CAD systems, particularly 
those originally developed for mechanical design, can detect interferences between 
two 3D objects; but this is not sufficient for checking plant models for interferences 
in a production environment. As a minimum, the software should provide the 
following capabilities: 


* The software should be able to check interferences for all or part of the plant in 
a batch mode. This check should include not only piping but all other disciplines 
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as well. The software should have a method of reporting interferences which is 
easy to interpret and makes it possible to quickly locate the interferences in a 
large and complex model. Some systems also offer the capability to check for 
interferences as the piping is being designed. This is especially useful for designing 
pipe in very congested areas. 


* The software should check for not only “hard” interferences, i.e., metal-to-metal, 
but also soft" interferences, such as personnel access areas, equipment removal 
spaces, insulation, and construction access. 


* The software should provide some capability for managing interference resolution 
over the life of the project. This includes the ability to suppress certain types of 
interferences and flagging certain specific interferences as acceptable which will 
not be reported in the future. 


Drawing Generation. To fully realize the benefits of 3D modeling, the system 
should provide the capability to automatically or semiautomatically produce the 
piping drawings, both orthographic and isometric, directly from the 3D piping 
model. These drawings should be generated in the form of 2D CAD drawings so 
that they can be managed along with the 2D drawings not generated from the 3D 
model. For orthographic drawings, the system should be able to represent the piping 
in the format required by the user, e.g., single-line; it should be able to automatically 
remove hidden lines from the model; and it should have some basic capability to 
automatically place annotation, such as component callouts, into the drawing. For 
piping isometrics, it is not unreasonable to expect the software to generate the 
piping isometric automatically. 


Bills of Material. ^s a minimum, the software should have the capability to 
produce a bill of materials for any of the components included in the model. If a 
user requires stringent control of piping materials, the system should also provide 
a piping materials control system or an interface to a third-party materials con- 
trol system. 


Interface to Other Systems. Since many disciplines utilize 3D geometry data, the 
software should have the ability to interface the 3D geometry data with other 
computer systems. For piping design, this would include the piping stress analysis 
systems. This could also include interfaces to fabrication equipment, such as numeri- 
cally controlled pipe-bending systems. 


Design Review. The use of 3D modeling for piping design impacts the design 
process in a number of ways. First, the design evolves in the 3D model—not on 
the drawings, as in the case of 2D design. The drawings are not usually produced 
until the design is completed. This means that the drawings cannot be used as a 
means of reviewing the design while the design is in progress. Second, since in some 
companies the use of 3D design has virtually eliminated the plastic model, the 
plastic model is also no longer available as a design review tool. Thus the 3D 
software system should provide, either directly or through an interface, the means 
of reviewing the 3D computer model on a high-performance graphics terminal. 
These types of systems provide the capability to “walk through" solid shaded models 
in real time for the purposes of design review. 


Training and Implementation. Once again, the issues related to computer-aided 
drafting apply here as well. The primary difference is one of degree. Systems for 
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3D computer modeling of piping require more training, more support, and a longer 
learning curve. Also, these types of systems are more pervasive than simple 2D 
CAD drafting in that they require a higher level of integration between disciplines 
and departments and thus a higher level of management attention and support. 
For these systems to be effective, it is imperative that senior-level design personnel 
are trained in the use of the system and can use it effectively for piping layout. 


Conclusion 


Computer-aided drafting and computer-aided design have been used effectively 
and productively for piping design for a number of years. One of the most important 
lessons learned from the application of CAD to piping layout, particularly the use 
of 3D modeling, is that design firms are no longer tied to the same design process 
and design documentation as when the design was performed manually. The use 
of 3D piping design provides a number of opportunities for improving the way in 
which plant design is performed, over and above simply the increase in design 
productivity. In fact, experience has shown that force-fitting 3D piping design into 
a project organization and design process geared to manual design actually leads 
to some inefficiencies. 

There appear to be several factors which are important to the continued effective 
application of this technology. Perhaps most important is the fact that being able to 
effectively apply this type of software requires training— not only for the individual 
designers and engineers but also for the supervisors, project engineers, and project 
managers who control the project work. This type of software opens up new possibili- 
ties for improving the way project work is performed, but being able to take 
advantage of these requires that people at all levels of the project understand the 
software capabilities as well as its limitations. 
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Piping stress analysis is a discipline which is highly interrelated with piping layout 
(Chap. B3) and support design (Chap. B5). The layout of the piping system should 
be performed with the requirements of piping stress and pipe supports in mind 
(i.e., sufficient flexibility for thermal expansion; proper pipe routing so that simple 
and economical pipe supports can be constructed; and piping materials and section 
properties commensurate with the intended service, temperatures, pressures, and 
anticipated loadings). If necessary, layout solutions should be iterated until a satis- 
factory balance between stresses and layout efficiency is achieved. Once the piping 
layout is finalized, the piping support system must be determined. Possible support 
locations and types must be iterated until all stress requirements are satisfied and 
other piping allowables (e.g., nozzle loads, valve accelerations, and piping move- 
ments) are met. The piping supports are then designed (Chap. B5) based on the 
selected locations and types and the applied loads. 

This chapter discusses several aspects of piping stress analysis. The discussion 
is heavily weighted to the stress analysis of piping systems in nuclear power plants, 
since this type of piping has the most stringent requirements. However, the discus- 
sion is also applicable to the piping systems in ships, aircraft, commercial buildings, 
equipment packages, refrigeration systems, fire protection piping, petroleum refin- 
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eries, and so on. Each of these types of piping must meet the requirements of its 
applicable code. 


FAILURE THEORIES, STRESS CATEGORIES, 
STRESS LIMITS, AND FATIGUE 


Failure Theories 


The failure theories most commonly used in describing the strength of piping systems 
are the maximum principal stress theory and the maximum shear stress theory (also 
known as the Tresca criterion). 

The maximum principal stress theory forms the basis for piping systems governed 
by ASME B31 and Subsections NC and ND (Classes 2 and 3) of Section III of the 
ASME Boiler and Pressure Vessel Codes. This theory states that yielding in a piping 
component occurs when the magnitude of any of the three mutually perpendicular 
principal stresses exceeds the yield strength of the material. 

The maximum shear stress theory is more accurate than the maximum principal 
stress theory for predicting both yielding and fatigue failure in ductile metals. This 
maximum shear stress theory forms the basis for piping of Subsection NB (Class 
1) of ASME Section III.! 

The maximum shear stress at a point Tmax is defined as one-half of the algebraic 
difference between the largest and the smallest of the three principal stresses o, 
o, and o. If oœ > o > o; (algebraically), then Tmax = (o1 — 03)/2. The maximum 
shear stress theory states that failure of a piping component occurs when the 
maximum shear stress exceeds the shear stress at the yield point in a tensile test. 
In the tensile test, at yield, o; = S, (yield stress), o; = o; = 0. So yielding in the 
component occurs when 

1-03 Sy 


Tmax = 5 = 5 (B4.1) 


Equation (B4.1) has an unnecessary operation of dividing both sides by 2 before 
comparing them. For the sake of simplicity, a stress defined as 27,4, and equal to 
Gmax — Omin Of the three principal stresses has been used for Class 1 piping. This 
stress is called the equivalent intensity of combined stresses, or stress intensity. Thus 
the stress intensity S is directly comparable to the tabulated yield stress values S, 
from tensile tests with some factor of safety. 


Stress Categories 


There are various failure modes which could affect a piping system. The piping 
engineer can provide protection against some of these failure modes by performing 
stress analysis according to the piping codes. Protection against other failure modes 
is provided by methods other than stress analysis. For example, protection against 
brittle fracture is provided by material selection. The piping codes address the 
following failure modes: excessive plastic deformation, plastic instability or incre- 
mental collapse, and high-strain-low-cycle fatigue. Each of these modes of failure 
is caused by a different kind of stress and loading. It is necessary to place these 
stresses into different categories and set limits to them. 
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The major stress categories are primary, secondary, and peak. The limits of these 
stresses are related to the various failure modes as follows: 


1. The primary stress limits are intended to prevent plastic deformation and 
bursting. 


2. The primary plus secondary stress limits are intended to prevent excessive plastic 
deformation leading to incremental collapse. 


3. The peak stress limit is intended to prevent fatigue failure resulting from cy- 
clic loadings. 


Primary stresses which are developed by the imposed loading are necessary to 
satisfy the equilibrium between external and internal forces and moments of the 
piping system. Primary stresses are not self-limiting. Therefore, if a primary stress 
exceeds the yield strength of the material through the entire cross section of the 
piping, then failure can be prevented only by strain hardening in the material. 
Thermal stresses are never classified as primary stresses. They are placed in both 
the secondary and peak stress categories. 

Secondary stresses are developed by the constraint of displacements of a struc- 
ture. These displacements can be caused either by thermal expansion or by out- 
wardly imposed restraint and anchor point movements. Under this loading condi- 
tion, the piping system must satisfy an imposed strain pattern rather than be in 
equilibrium with imposed forces. Local yielding and minor distortions of the piping 
system tend to relieve these stresses. Therefore, secondary stresses are self-limiting. 
Unlike the loading condition of secondary stresses which cause distortion, peak 
stresses cause no significant distortion. Peak stresses are the highest stresses in the 
region under consideration and are responsible for causing fatigue failure. Common 
types of peak stresses are stress concentrations at a discontinuity and thermal 
gradients through a pipe wall. 

Primary stresses may be further divided into general primary membrane stress, 
local primary membrane stress, and primary bending stress. The reason for this 
division is that, as will be discussed in the following paragraph, the limit of a primary 
bending stress can be higher than the limit of a primary membrane stress. 


Basic Stress Intensity Limits 


The basic stress intensity limits for the stress categories just described are determined 
by the application of limit design theory together with suitable safety factors. 

The piping is assumed to be elastic and perfectly plastic with no strain hardening. 
When this pipe is in tension, an applied load producing a general primary membrane 
stress equal to the yield stress of the material S, results in piping failure. Failure 
of piping under bending requires that the entire cross section be at this yield stress. 
This will not occur until the load is increased above the yield moment of the pipe 
multiplied by a factor known as the shape factor of the cross section. The shape 
factor for a simple rectangular section in bending is 1.5. 

When a pipe is under a combination of bending and axial tension, the limit load 
depends on the ratio between bending and tension. In Fig. B4.1, the limit stress at 
the outer fiber of a rectangular bar under combined bending and tension is plotted 
against the average tensile stress across the section. When the average tensile stress 
P, is zero, the failure bending stress is 1.5 S$,. When P,, alone is applied (no bending 
stress P,), failure stress is yield stress S,. 
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LIMIT STRESS 


Pm = TENSILE STRESS 
Pp = BENDING STRESS 
Sy = YIELD STRESS 


(Pm * P,)/ Sy 


FIGURE B4.1 Limit stress for combined tension and 
bending (rectangular section). (ASME, ‘‘Criteria.”"! Cour- 
tesy of ASME.) 


It also can be seen in Fig. B4.1 that a design limit of 755, for general primary 
membrane stress P„ and a design limit of S, for primary membrane-plus-bending 
stress P,, + P, provide adequate safety to prevent yielding failure. 

For secondary stresses, the allowable stresses are given in terms of a calculated 
elastic stress range. This stress range can be as high as twice the yield stress. The 
reason for this high allowable stress is that a repetitively applied load which initially 
stresses the pipe into plastic yielding will, after a few cycles, “shake it down" to 
elastic action. 

This statement can be understood by considering a pipe which is strained in 
tension to a point e, somewhat beyond its yield strain, as shown in Fig. B4.2. The 
calculated elastic stress at this point would be equal to the product of the modulus 
of elasticity E and the strain sı, or Sı = Ee, The path OABC is considered as 
cycling the strain from 0 to e, (loading) and back to 0 (unloading). When the pipe 
is returned to its original position O, it will retain a residual compressive stress of 
magnitude S, — S, On each subsequent loading cycle, this residual compression 
must be overcome before the pipe can go into tension; thus the elastic range has 


been extended by the value S, — S,. 


STRESS ANALYSIS OF PIPING SYSTEMS B.111 


S, 
Sı 
Sy Sy 
v v 
2 n 
g 2 
d a 
va - 
n n 
o 0 
€y € 
STRAIN, € STRAIN,€ 
C 
(a) Sy« Sic 25y ~Sy (b) 5,» 25, 
E 
F 
FIGURE B4.2 Strain history beyond yield. (ASME, “Criteria.” Courtesy 
of ASME.) 


Therefore, the allowable secondary stress range can be as high as 25, when 
Sı = 2S,. When S, > 2S,, the pipe yields in compression and all subsequent cycles 
generate plastic strain EF. For this reason 25, is the limiting secondary stress which 
will shake down to purely elastic action. 


Fatigue 


As mentioned previously, peak stresses are the highest stresses in a local region 
and are the source of fatigue failure. The fatigue process may be divided into 
three stages: crack initiation resulting from the continued cycling of high stress 
concentrations, crack propagation to critical size, and unstable rupture of the re- 
maining section. 

Fatigue has long been a major consideration in the design of rotating machinery, 
where the number of loading cycles is in the millions and can be considered infinite 
for all practical purposes. This type of fatigue is called high-cycle fatigue. High- 
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FIGURE B4.3 Typical relationship among stress, strain, and cycles to failure. 
(ASME, "Criteria." Courtesy of ASME.) 


cycle fatigue involves little or no plastic action. Therefore, it is stress-governed. For 
every material, a fatigue curve, also called the S-N curve, can be generated by 
experimental test? which correlates applied stress with the number of cycles to 
failure, as shown in Fig. B4.3. For high-cycle fatigue, the analysis is to determine 
the endurance limit, which is the stress level that can be applied an infinite number 
of times without failure. 

In piping design, the loading cycles applied seldom exceed 10? and are frequently 
only a few thousand. This type of fatigue is called low-cycle fatigue. For low-cycle 
fatigue, data resulting from experimental tests with stress as the controlled variable 
are considerably scattered. These undesirable test results are attributable to the 
fact that in the low-cycle region the applied stress exceeds the yield strength of the 
material, thereby causing plastic instability in the test specimen. 

However, when strain is used as the controlled variable, the test results in this 
low-cycle region are consistently reliable and reproducible. 

As a matter of convenience, in preparing fatigue curves, the strains in the tests 
are multiplied by one-half the elastic modulus to give a pseudostress amplitude. 
This pseudostress is directly comparable to stresses calculated on the assumption 
of elastic behavior of piping. In piping stress analysis, a stress called the alternating 
stress S4, is defined as one-half of the calculated peak stress. By ensuring that the 
number of load cycles N associated with a specific alternating stress is less than the 
number allowed in the S-N curve, fatigue failure can be prevented. However, 
practical service conditions often subject a piping system to alternating stresses of 
different magnitudes. These changes in magnitude make the direct use of the 
fatigue curves inapplicable since the curves are based on constant-stress amplitude. 
Therefore, to make fatigue curves applicable for piping, it is necessary to take some 
other approach. 

One method of appraising the fatigue failure in piping is to assume that the 
cumulative damage from fatigue will occur when the cumulative usage factor U 
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equals unity, i.e., 


ji 
U XU =E 7! (B4.2) 


1 


where U; — usage factor at stress level i 
n; = number of cycles operating at stress level i 
N; = number of cycles to failure at stress level i per fatigue curve 


CLASSIFICATION OF LOADS, SERVICE LIMITS, 
AND CODE REQUIREMENTS 


Classification of Loads 


Primary loads can be divided into two categories based on the duration of loading. 
The first category is sustained loads. These loads are expected to be present through- 
out normal plant operation. Typical sustained loads are pressure and weight loads 
during normal operating conditions. The second category is occasional loads. These 
loads are present at infrequent intervals during plant operation. Examples of occa- 
sional loads are earthquake, wind, and fluid transients such as water hammer and 
relief valve discharge. 

In addition to primary loads, there are expansion loads. Expansion loads are 
those loads due to displacements of piping. Examples are thermal expansion, seismic 
anchor movements, thermal anchor movements, and building settlement. 


Service Limits 


Service levels and their limits are defined for nuclear power plant safety-related 
piping by the ASME Boiler and Pressure Vessel Code, Section III? They are 
described in the following list: 


1. Level A service limits. The piping components or supports must satisfy these sets 
of limits in the performance of their specified service function. Examples of level 
A loadings are operating pressure and weight loadings. 


2. Level B service limits. The piping component or support must withstand these 
loadings without damage requiring repair. Examples of level B loadings are fluid 
transients such as water hammer and relief valve discharge, and operating-basis 
earthquake (OBE), defined as the maximum likely earthquake postulated to 
occur during plant design life or one-half of the safe shutdown earthquake (see 
definition below), whichever is higher. 


3. Level C service limits. The occurrence of stress up to these limits may necessitate 
the removal of the piping component from service for inspection or repair of 
damage. An example of level C loading is the combination of fluid transient 
loads occurring simultaneously with the operating-basis earthquake. 


4. Level D service limits. These sets of limits permit gross general deformations 
with some consequent loss of dimensional stability and damage requiring repair, 
which may require removal of the piping component from service. An example 
of level D loading is the loading associated with a loss-of-coolant accident or a 
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safe-shutdown earthquake (SSE), which is defined as the maximum possible 
earthquake postulated to occur at the site of the plant at any time. 


Code Requirements 


There are various ASME and ANSI codes which govern the stress analysis of 
diferent kinds of pressure piping. These codes contain basic reference data, formulas, 
and equations necessary for piping design and stress analysis. 

Each power plant is committed to a particular edition of a code for different 
types of piping. For example, the nuclear Class 1, 2, and 3 piping of a power plant 
may be committed to comply with the ASME Boiler and Pressure Vessel Code, 
Section III, 1974 edition, while the nonnuclear piping may be committed to ANSI 
B31.1 Power Piping Code, 1973 edition. 

The following sections provide summaries of the ASME and ANSI codes. 


ASME Boiler and Pressure Vessel Code, Section III, Subsection NB.? This subsec- 
tion provides the code requirements of nuclear piping designated as Class 1. The 
loadings required to be considered for this subsection are the effects of pressure, 
weight (live and dead loads), thermal expansion and contraction, impact, earth- 
quake, and vibrations. The stress limits which must be met are as follows: 


1. Primary stress intensity. The primary stress intensity must meet the following 


requirement: 
PD, D, 
Bi + By AP Mi = KS, (B4.3) 


2t 21 


where B,, B, = primary stress indices for specific piping components under inves- 
tigation 
P = design pressure, psi 
D, = outside diameter of pipe, in 
t = nominal wall thickness, in 
M, = resultant moment due to combination of design mechanical loads, 
in: Ib 
moment of inertia, in* 
1.55, for service level A; 1.85, for service level B but not greater 
than 1.5S,; 2.25S, for service level C but not greater than 1.85,; 
and 3.0S,, for service level D but not greater than 2.05, 
Sm = allowable design stress intensity, psi 
S, — yield strength value taken at average fluid temperature under 
consideration, psi 


- 
ll 


kS,, 


2. Primary plus secondary stress intensity range. The following equations are used 
to evaluate a stress range as the piping system goes from one service load set 
(pressure, temperature, and moment) to any other service load set which follows 
in time. For each specified pair of load sets, the stress range S, is calculated: 


Py D, D, 
Sn —C| o: HC» 2I Mi + CaEap|o Ta — op T;| (B4.4) 


where C,, C,, C; = secondary stress indices for specific component under consid- 
eration 
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Ze 
| 


= range of service pressure, psi 
M, = resultant range of moment, in - lb 
E,, = average modulus of elasticity of two sides of a gross structural 
discontinuity or material discontinuity at room tempera- 
ture, psi 
Qa, &, = coefficient of thermal expansion on side a or b of gross struc- 
tural discontinuity or material discontinuity at room tempera- 
ture, in/(in - °F) 
T,, T, = range of average temperature on side a or b of gross structural 
discontinuity or material discontinuity, °F 


And S, has the following limit: S, = 3S, 

If this requirement is not met for all pairs of load sets, then the piping 
component may still be qualified by using the simplified elastic-plastic discontinu- 
ity analysis described below; otherwise, the stress analyst may proceed to the 
fatigue analysis. 


3. Simplified elastic-plastic discontinuity analysis. If S, > 3S, for some pairs of 
load sets, a simplified elastic-plastic analysis may be performed if the thermal 
stress ratchet is not present. This analysis is required only for the specific load 
sets which exceeded 35,. The following two equations must be satisfied: 


D, 
S3 Gala < 38m 
(B4.5) 


Po D D 
Ci ( - J | ca( 22) a + Caules T, — Tp] < 385 
where S, — nominal value of expansion stress, psi 
MF = resultant range of moments due to thermal expansion and thermal 
anchor movements, in: lb 


M, = resultant range of moment excluding moments due to thermal expan- 
sion and thermal anchor movements, in Ib 
C; — stress index for specific component under consideration 


For later editions of the code, if S, > 35,, the thermal stress ratchet must be 
evaluated and demonstrated to be satisfactory before a simplified elastic-plastic 
discontinuity analysis can be done. This ratchet is a function of the |AT;| (see 
definition below) range only. The following requirement must be met: 


y'S,C4 


AT||range < 
Eu RIT 


(B4.6) 


where 3.33 for x = 0.3 
, _ 2.00 for x = 0.5 
Y T120 dora 
0.80 for x = 0.8 
x = PD,/(2tS,) 
S, = yield strength value taken at average fluid temperature under consid- 
eration, psi 
1.1 for ferritic material and 1.3 for austenitic material 
modulus of elasticity E times mean coefficient of thermal expansion 
a, both at room temperature, psi/°F 
P = maximum pressure for set of conditions under consideration, psi 


C, 
Ea 
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FIGURE B4.4 Decomposition of temperature distribution range. (Figure NB-3653.2(b)-1, Section 
III, Division 1, ASME B & PV Code, 1989. Courtesy of ASME.) 


4. Peak stress intensity range and fatigue analysis. For each specified loading condi- 
tion, peak stress is calculated as follows: 


verel re ZM 
puc It 1 2t 2—2 2I i 


K3Ea|AT|| Eo|ATo| 
—— — + KaCs Eap|ota Ta — pT | + 
2(1— v) ]—v 
(B4.7) 


where Kı, K2, K; = local stress indices for specific component under consider- 
ation 
v = Poisson’s ratio of material 
|AT,| = absolute value of range of temperature difference between 
temperature of outside surface and inside surface of pipe wall, 
assuming moment generating equivalent linear temperature 
distribution, °F (see Fig. B4.4) 
|AT>| = absolute value of range of that portion of nonlinear thermal 
gradient through wall thickness not included in AT;, °F (see 


Fig. B4.4) 
For each S,, an alternating stress intensity San is determined by 
K,S, 
Sait = — (B4.8) 
2 
where 
1.0 for Sa «3S, 
Ke = 410-4 (1—2)[$,/(3$,) — I]/En jm — 1)] for 3$, < Sy < 3n $,, 
1/n for Sa > 3mS, 


m,n — material parameters given in Table B4.1 


The alternating stress intensities are used to evaluate the cumulative effect of 
the stress cycles on the piping system. This evaluation is performed as follows: 


a. The number of times each stress cycle of type 1, 2, 3, etc., is repeated during 
the life of the system shall be called nı, m, n5, and so on. Cycles shall be 
superimposed such that the maximum possible peak stress ranges are de- 
veloped. 
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TABLE B4.1 Values of m, n, and Tmax for Various 
Classes of Permitted Materials 


Materials m n Toc F 
Carbon steel 3.0 0.2 700 
Low-alloy steel 2.0 0.2 700 
Martensitic stainless steel 2.0 0.2 700 
Austenitic stainless steel 1.7 0.3 800 
Nickel-chromium-iron 1.7 0.3 800 
Nickel-copper 1.7 0.3 800 


Source: Table NB-3228.5(b)-1, Section III, Division 1, ASME 
B & PV Code, 1998. (Courtesy of ASME.) 
Note: (°F — 32)/1.8 = °C). 


b. For each type of stress cycle, determine the alternating stress intensity S. 


c. For each value of S, use the applicable design fatigue curve from the code 
to determine the maximum number of cycles permitted if this were the only 
cycle occurring. These numbers shall be designated N;, N2, N3, and so on. 


d. For each type of stress cycle, calculate the usage factor: 
ny na n3 


U, = 
PINE Nə N3 


e. The cumulative usage factor U is the sum of the individual usage factors: 


U =U +U: +U3 +: 


ASME Boiler and Pressure Vessel Code, Section III, Subsections NC and 
ND. These two subsections give the code requirements of nuclear piping desig- 
nated as Class 2 and Class 3, respectively. The loadings required to be considered 
for Subsections NC and ND are the effects of pressure, weight, other sustained 
loads, thermal expansion and contraction, and occasional loads. The stress limits 
to be met are as follows: 


1. Stresses due to sustained loads. The calculated stresses due to pressure, weight, 
and other sustained mechanical loads must meet the allowable 1.55;, that is, 


B,PD, R BoM, 


< 1.55 B4.9 
5; = h ( ) 


where P = internal design pressure, psi 
D, = outside diameter of pipe, in 
t = nominal wall thickness, in 
Z = section modulus of pipe, in? 
M, = resultant moment loading on cross section due to weight and other 
sustained loads, in - Ib 
Sna = basic material allowable stress at design temperature, psi 


B.118 GENERIC DESIGN CONSIDERATIONS 


2. Stresses due to occasional loads. The calculated stress due to pressure, weight, 
other sustained loads, and occasional loads must meet the allowables as follows: 
Bı Pmax Do i Bo(M, + Mg) = 


2t Z 


kSp (B4.10) 


where M; = resultant moment loading on cross section due to occasional loads, 
such as thrusts from relief and safety valves, loads from pressure 
and flow transients, and earthquake, if required. For earthquake, 
use only one-half the range. Effects of anchor displacement due to 
earthquake may be excluded if they are included under thermal 
expansion 
Prax = peak pressure, psi 
kS, = 1.88, for service level B (upset condition) but not greater than 1.58, ; 
2.258, for service level C (emergency condition) but not greater 
than 1.85, ; and 3.05, for service level D (faulted condition) but not 
greater than 2.08, 
S, = material allowable stress at temperature consistent with loading 
under consideration, psi 
, = material yield strength at temperature consistent with loading under 
consideration, psi 


p 


3. Stresses due to thermal expansion 
a. Thermal expansion stress range must meet the allowable S4, that is, 


iMc 
— <S B4.11 
z $94 ( ) 


where S, = allowable stress range for expansion stresses 
= f(1.25S, + 0.258,), psi 
f = stress range reduction factor, as in Table B4.2 
Mc = range of resultant moment due to thermal expansion, in - Ib; also 
include moment effects of anchor displacements due to earth- 
quake if anchor displacement effects were omitted from occa- 
sional loadings 
S. = basic material allowable stress at minimum (cold) temperature, psi 


TABLE B4.2 Stress-Range Reduction 
Factors 


Number of equivalent 


full-temperature cycles N f 
7,000 and less 1.0 

7,000 to 14,000 0.9 
14,000 to 22,000 0.8 
22,000 to 45,000 0.7 
45,000 to 100,000 0.6 
100,000 and over 0.5 


Source: Table NC-3611.2(e)-1, Section HI, Di- 
vision 1, ASME B & PV Code, 1998. (Courtesy 
of ASME.) 
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S, = basic material allowable stress at maximum (hot) temperature, psi 
i — stress intensification factor 


b. If Eq. (B4.11) is not met, the piping may be qualified by meeting the following 
equation: 


PD, O075iM, | iMc 
' ' <S +S B4.12 
4t Z VEL OA ( ) 


where 0.75i shall not be less than 1.0. 


4. Stresses due to nonrepeated anchor movement. The effect of any single nonre- 
peated anchor movement (such as building settlement) must meet 3.0S,, 


iMp 


< 3.08, (B4.13) 


where Mp = resultant moment due to any single nonrepeated anchor movement 
(e.g., predicted building settlement), in - Ib. 


5. The stress-intensification factor (SIF) is defined as the ratio of the maximum 
stress intensity to the nominal stress, calculated by the ordinary formulas of 
mechanics. It is used as a safety factor to account for the effect of localized 
stresses on piping under a repetitive loading. In piping design, this factor is 
applied to welds, fittings, branch connections, and other piping components 
where stress concentrations and possible fatigue failure might occur. Usually, 
experimental methods are used to determine these factors. 

It is recognized that some of the SIFs for the same components are different 
for different codes. In some cases, different editions of the same code provide 
different SIFs for a given component. The way that the SIFs are applied to 
moment loadings is also different for different codes. The B31.1 and ASME 
Section III codes require that the same SIF be applied to all the three-directional 
moments while the B31.3, B31.4, B31.5, and B31.8 codes require that different 
SIFs be applied to the in-plane and out-of-plane moments, with no SIF required 
for torsion (see Fig. B4.5a and figure note 10). 

Therefore, the stress analyst has to ensure that the appropriate SIFs from 
the applicable code (i.e., committed code) are used. The formulas for SIFs in 
the ASME Section III code (1989 edition) are given in Fig. B4.5c for reference. 

Recommended SIFs for some piping components which are not addressed in 
the code are listed below: 


a. Weldolets or sockolets* 
(1) If r/R > 0.5, 


. 0.9 3.3t 
i= DUE where h= CHR (B4.14) 


where r — mean radius of branch pipe, in 
t — wall thickness of run pipe, in 
R — mean radius of run pipe, in 
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| Stress int. factor i [Notes (9), (10)] 
- Flexibility 
Item Description factor n " Out-of-plane 
In-plane i Ü 
1 Welding elbow!?.3.5.8 or pipe 1.65 0.9 0.75 
bend h hs hs 
2 Closely spaced miter bend!-2-3,8 1.52 0.9 0.75 
s « r(1 + tan 0) hs hs hs 
3 Widely spaced miter bend,™?*8 152 0.9 0.75 
s 2rd + tan 0) h% hs ns 
4 Welding tee ^? 1 EE 0.9 
per ANSI B16.9 "re [m 
5 Reinforced fabricated tee, *;5 1 34i, 4- V 03 
with pad or saddle hs 
0.9 
6 Unreinforced fabricated teet?’ 1 | Wd, +1 A 
7 Butt-welded joint, reducer, or 1 1.0 
welding neck flange t 
8 Double-welded 1 12 
slip-on flange 
9 Fillet-welded joint, or 1 13 
socket weld flange ` 
10 Lap-joint flange (with ANSI 1 1.6 
B16.9 lap-joint stub) 
11 Threaded pipe joint, or 1 23 
threaded flange i 
12 Corrugated straight pipe, or ! 5 j 25 
corrugated or creased bend" j : 


FIGURE B4.5a Flexibility factor n and stress intensification factors i; and i, per ASME B31.3, 
B31.4, B31.5, and B31.8 codes. 


STRESS ANALYSIS OF PIPING SYSTEMS B.121 


Meaning of symbols: 
r — mean radius of matching pipe 
t — (for elbows, bends, and miter 
bends) nominal wall thickness of 
elbow, bend, or miter bend; see 
x Note 5 
tR spot t = (for tees and nozzles), the nominal 
r wall thickness of the matching pipe 
f R = bend radius of pipe bend or elbow 
gucci = one-half angle between adjacent 
miter axes 
s = miter spacing at center line 
T — pad or saddle thickness, in. 


Flexibility Sketch 
characteristic A 


Norzs: 

1. The flexibility factors n and the 
stress-intensification factors i in the 
table apply to bending and in no case 
shall be taken less than unity. Factors 
for torsion equal unity. Both factors 
apply over the effective arc length 
(shown by heavy center lines in the 
sketches) for curved and miter elbows 
and to the intersection point for tees. 

2. Those flexibility and stress intensi- 
fication factors which are proportional 
to a power of the characteristic / may be 
read from the graph of Fig. B4-5p. 

3. Where flanges are attached at one 
or both ends, the values of n and i in the 
table shall be corrected by the multipli- 
cative factors C, given by the formulas: 


C, = h% (one end flanged) 
C, = h' (both ends flanged) 


1+ cotétr 
2 r 


G +T) 
tr 


4. Also includes single-miter joint. 

5. Cast butt-welding elbows may have considerably heavier walls than that of the pipe 
with which they are used. Large errors may be introduced unless the effect of such 
greater thickness is considered. 

6. h = 4.05¢/r for T > st 

7. Factors shown apply to bending; flexibility factor for torsion = 0.9. 

8. In large-diameter thin-wall elbows and bends internal pressure can significantly 
decrease both flexibility and stress intensification factors. To correct values obtained from 
above tabulation so as to account for internal pressure, divide the flexibility factor by the 
quantity 

U1 + 6CP/EXr YARI ry] 
and divide the stress intensification factor by the quantity 
[1 + 3.25(P] EXr t (RIYY] 


where P — internal gage pressure and E — Young's modulus. 


9. For items 2 and 3, i, = 0.9/h” per ASME B31.3 and B31.8 codes. 


10. For ASME B31.3 and B31.8 piping, a single intensification factor equal to 0.9/5? 
may be used for both i; and i, if desired. 


FIGURE B4.5a (Continued) Flexibility factor n and stress intensification factors i; and i, per 
ASME B31.3, B31.4, B31.5, and B31.8 codes. 
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t 


doshed lin 


j Flexibility factor n 
( 


miter) 


o S 
0.02 004 0.10 0.3 0.6 


Characteristic h 


FIGURE B4.5b Flexibility and stress intensification fac- 
tors for those cases where result is a power of the characteris- 
tic h, defined in Fig. B4.5a. Key: a = no flanges; b = one 
flange; c = two flanges; i = in plane; o = out of plane. 


(2) If r/R = 0.5, 


or 
0.9 
i = o—————— 
(3.3T / Ry 


whichever is less and 


where R = run pipe mean radius, in 
T — run pipe wall thickness, in 
r = branch pipe mean radius, in 
t = branch pipe wall thickness, in 
outer radius of weldolet, in 


Tp 


(B4.15) 


(B4.16) 


SIF values for typical weldolet branch connections with r/R = 0.5 are tabulated 


in Tables B4.3a to B4.3/. 


. Half-Couplings (Welding Boss). For half-couplings with r/R = 0.5, use the 


above branch connection Eq. (B4.15) or the unreinforced fabricated tee 
equation, whichever is less. For half-coupling with r/R > 0.5, use the unrein- 
forced fabricated tee formula. Tables B4.4a to B4.4f give SIFs for commonly 
used half-coupling configurations. If the half-coupling rating is not known, 


Closely spaced miter 
bend [Notes (1), (2), (3)] 
s<r(1 + tan 6) 


Widely spaced miter 
bend [Notes (1), (2j, (41] 
s2r(1 + tan 6) 


Welding tee per 
ANSI 816.9 (Notes (1), {2)} 


Reintorced fabricated 
tee [Notes (1), (5), (10)] 


Unreinforced fabricated 
tee [Notes (1), (10)] 


STRESS ANALYSIS OF PIPING SYSTEMS B.123 


Fle: ity 
Description Characteristic h 


Welding elbow or 
pipe bend (Notes (1), {2}. (3)] 


t,(1 + cot 6) 
2r 


Flexibility Stress Intensi- 
Factor k fication Factor / Sketch 


1.65 


h 


FIGURE B4.5c Flexibility and stress intensification factors (D,/t, = 100). (Figure NC-3673.2(b)- 
1, Section III, Division 1, ASME B & PV Code, 1998. Courtesy of ASME.) 
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Flexibility Stress Intensification 
Description Factor k Factor i 


For checking branch end 
Z 9 mi. T's 


is EEEE) 


For checking run ends 
Z - iR. Y T, 


soal" G) 


but not less than 1.5 


Fig. NC-3673.2(b)-2 


Branch connection [Note (6)] 


Girth butt weld [Note (1)] 
t, 2 0.237 in. 


1.9 max. or 
Girth butt weld [Note (1)] O.9(1 + 38/t,) 
t, < 0.237 in. but not less than 1.0 


Circumferential fillet welded 234€, It) Fig. NC-4427-1 
or socket welded joints i ney sketches (c-1), (c-2). 
[Note (11)] but not less than 1.3 and (c-3) 
ee gee toe elf ee ns? eee 


- 1.9 max. or 
30 deg. tapered transition 


(ANSI B16.25) [Note (1)] 


13 + 0.0036 ^. 3 Č 


2.0 max. or 


Concentric and eccentric 
reducers [Note (7)] 
(ANSI B18.9) 


0.5 «001a (3^ 


2 


Threaded pipe joint 
or threaded flange 


Corrugated straight pipe 
or corrugated or creased 
bend [Note (8)] 


FIGURE B4.5c (Continued) Flexibility and stress intensification factors (D,/t, = 100). (Figure 
NC-3673.2(b)-1, Section III, Division 1, ASME B & PV Code, 1998. Courtesy of ASME.) 


assume a Class 3000 half-coupling, since this will give the more conserva- 
tive value. 


c. Sweepolets. For branch: 


i=0.45( — Z) IFR (B4.17) 


STRESS ANALYSIS OF PIPING SYSTEMS B.125 


(1) The following nomenclature applies: 

r = mean radius of pipe, in. (matching pipe for tees and elbows) 

t, = nominal wall thickness of pipe. ir. [matching pipe for tees and elbows, see Note (9)] 

R = bend radius of elbow or pipe a: 4, in. 

8 = one-half angle between adjace“ niter axes, deg. 

$ — miter spacing at center line, in. 

t, = reinforced thickness, in. 

5 = average permissible mismatch at girth butt welds as shown in Fig. NC-4233-1. A value of 5 less than ‘4, in. may 
be used provided the smaller mismatch is specified for fabrication. For "flush" welds, as defined in Fig. NB- 
3683.1(c- 1, 6 may be taken as zero, i = 1.0, and flush welds need not be ground. 

D, — outside diameter, in. 

(2) The flexibility factors k and stress intensification factors i apply to bending in any plane for fittings and shall in no 
case be taken less than unity. Both factors apply over the effective arc length (shown by heavy center lines in the 
sketches) for curved and miter elbows, and to the intersection point for tees. The values of k and i can be read directly 
by entering with the characteristic h computed from the equations given. 

(3) Where flanges are attached to one or both ends, the values of k and i shall be corrected by the factor c given below. 
(a) One end flanged, c = h^. 

(b) Both ends flanged, c = h ° 

(4) Also includes single miter joints. 

(5) When t, > 1.5t,, h = 4 05t,/r 

(6) The equation applies only if the following conditions are met. 

(a) The reinforcement area requirements of NC-3643 are met. 
(b) The axis of the branch pipe is normal to the surface of run pipe wall. 

{c} For branch connections in a pipe, the arc distance measured between the centers of adjacent branches along the 

surface of the run pipe is not less than three times the sum of their inside radii in the longitudinal direction or not 

less than two times the sum of their inside radii along the circumference of the run pipe. 

(d) The inside corner radius r, (Fig. NC-3673.2(b-2) for nominal branch pipe size greater than 4 in. shall be between 

10% and 50% T,. The radius r, is not required for nominal branch pipe size smaller than 4 in. 

(e) The outer radius r, is not less than the larger of T,/2, (7, + Y)/2 [Fig. NC-3673-2(b}2 sketch (c)] or 7,/2. 

(f) The outer radius r, is not less than the larger of 

(1) 0.0026 d, 

(2) 2 (sin 6)° times the offset for the configurations shown in Fig. NC-3673.2(b-2 sketches (a) and (b). 

(g) A/T, < 50 and r’,,/R,, < 0.5. 

(h) The outer radius r; is not required provided an additional multiplier of 2.0 is included in the equations for branch 
end and run end stress intensification factors. In this case, the calculated value of i for the branch or run shall not 
be less than 2.1. 

(7) The equation applies only if the following conditions are met. 

(a) Cone angle a does not exceed 60 deg. 

(b) The larger of D,/t, and D;/t; does not exceed 100. 

(c) The wall thickness is not less than t, throughout the body of the reducer, except in and immediately adjacent to 

the cylindrical portion on the small end, where the thickness shall not be less than t,. 
(d) For eccentric reducers, a is the maximum cone angle. 
(8) Factors shown apply to bending; flexibility factor for torsion equals 0.9. 
(8) The designer is cautioned that cast butt welding elbows may have considerably heavier walls than that of the pipe 
with which they are used. Large errors may be introduced unless the effect of these greater thicknesses is considered. 

(10) The stress intensification factor i shall in no case be taken as less than 2.1. 

(11) In Fig. NC-4427-1(c-1} and (c-2), C, shall be taken as Xm and C, > 1.25 t, In Fig. NC-4427-1 (c-3), C, > 0.75 t,. For 

unequal leg lengths use the smaller leg length for C,. 


FIGURE B4.5c (Continued) Flexibility and stress intensification factors (D,/t, = 100). (Figure 
NC-3673.2(b)-1, Section III, Division 1, ASME B & PV Code, 1998. Courtesy of ASME.) 


For run: 


r R^ 
Forz»05  i-040|-) (PF) (B4.18) 


i 


For — < 0.5 i=0.8| — a F; but not less than 1.5 (B4.19) 
R T R 


where F, = F, = 1.0 for flush or dressed insert welds 

1.6 for as-welded insert welds 

F, = (0.5 + r/R), but not less than 1.0 for as-welded insert welds 
F,=1 + 0.05(r — 3), but not less than 1.0 

R = mean radius of run pipe, in 
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TABLE B4.3a SIFs for Typical Weldolet Branch Connections (Run Pipe 
Size: NPS 1% or DN 40) 


Run pipe, NPS 1% (DN 40) 


Run pipe schedule 
40 80 


Branch pipe . : 
Run pipe wall thickness 


NPS Sch. Thickness 0.109" 0.145" 0.200" 0.281" 


Vo 10s 0.083" 1.665 1.031 1.000 — 
(DN 15) 40 0.109" 2.074 1.285 1.000 1.000 
80 0.147" 2.582 1.599 1.000 1.000 
0.188" — — 1.086 2.000 


lin = 25.4 mm 


r — mean radius of branch pipe, in 
T — nominal wall thickness of run pipe, in 
t — nominal wall thickness of branch pipe, in 


If a more detailed analysis is desirable, see Ref. 5 for the equations to be 
used for moment separation. 


d. Lateral branch connections (45?).9! For r,/r > 0.5, 


0.9 1.97t 
i= ph where h= 


(B4.20) 


TABLE B4.3b SIFs for Typical Weldolet Branch Connections (Run Pipe 
Size: NPS 2 or DN 50) 


Run pipe, NPS 2 (DN 50) 


Run pipe schedule 
40 80 


Branch pipe : : 
Run pipe wall thickness 


Thickness 0.109" 0.154" 0.218" 0.344" 


0.083" 1.731 


0.109" 2.157 
0.147" 
0.188" 


0.083" 
0.113" 
0.154" 
0.219" 


lin = 25.4 mm 


“Lela 


TABLE B4.3c SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 2% (DN 65) and NPS 3 (DN 80)) 


Branch pipe 


Run pipe, NPS 2% (DN 65) Run pipe, NPS 3 (DN 80) 


Run pipe schedule Run pipe schedule 
40 80 40 80 


NPS 


Thickness 


0.120' 


Run pipe wall thickness 
0.216" 0.300" 


Run pipe wall thickness 


i 0.203" 0.276" 0.375" 0.120" 0.438" 


Vo 
(DN 15) 


% 
(DN 20) 


lin = 25.4 mm 


0.083" 
0.109" 
0.147" 
0.188" 


0.083" 
0.113" 
0.154" 
0.219" 


0.109" 
0.133" 
0.179" 
0.250" 


1.524 
1.899 


1.000 
1.000 
1.000 


1.576 
1.965 


1.000 
1.000 
1.000 


8cva 


TABLE B4.3d SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 4 (DN 100) and 6 or (DN 150)) 


Branch pipe 


Run pipe, NPS 4 (DN 100) 


Run pipe, NPS 6 (DN 150) 


Run pipe schedule 


40 


80 


120 


Run pipe schedule 


40 


80 


120 


Sch. 


Thickness 


0.120" 


Run pipe wall thickness 


0.237" 


0.337" 


0.438" 


0.531" 


0.134" 


Run pipe wall thickness 


0.280" 


0.432" 


0.562" 


0.719" 


10s 
40 
80 


lin = 25.4 mm 


0.083" 
0.109" 
0.147" 
0.188" 
0.083" 
0.113" 
0.154" 
0.219" 
0.109" 
0.133" 
0.179" 
0.250" 
0.109" 
0.145" 
0.200" 
0.281" 
0.109" 
0.154" 
0.218" 
0.344" 
0.120" 
0.203" 
0.276" 
0.375" 


1.646 
2.051 


1.867 
2.425 


1.000 
1.000 
1.000 


1.000 
1.000 
1.109 


1.000 
1.066 
1.352 


1.205 
1.555 
2.044 


1.000 
1.000 
1.000 


1.000 
1.000 
1.000 


1.000 
1.000 
1.009 


1.000 
1.132 
1.548 


1.462 
1.822 


1.000 
1.000 
1.000 


1.000 
1.000 
1.000 


1.000 
1.000 
1.094 


1.000 
1.258 
1.654 


1.140 
1.563 
2.117 


1.449 
2.342 
3.054 


1.000 
1.000 
1.000 


1.000 
1.000 
1.000 


1.000 
1.000 
1.000 


1.000 
1.000 
1.092 


1.000 
1.023 
1.620 


1.132 
1.477 
2.017 
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TABLE B4.3e SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 8 or 


DN 200) 


Run pipe, NPS 8 (DN 200) 


Run pipe schedule 
Branch pipe 40 80 120 


Run pipe wall thickness 
Sch. Thickness 0.148" 0.322" 0.500" 0.719" 


10s 0.083" 1.295 1.000 

40 0.109" 1.614 1.000 1.000 
80 0.147" 1.000 1.000 
160 0.188" 1.000 
10s 0.083" 1.000 

40 0.113" 1.000 1.000 
80 0.154" 1.000 1.000 
160 0.219" 1.000 
0.109" 1.000 
40 0.133" 1.000 1.000 
80 0.179" 1.000 1.000 
0.250" 1.000 
10s 0.109" 1.000 
40 0.145" 1.042 1.000 
80 0.200" 1.371 1.000 
0.281" 1.000 
0.109" 1.000 
0.154" 1.295 1.000 
0.218" 1.754 1.000 
0.344" 1.329 
0.120" 1.201 
0.203" 1.940 1.000 
0.276" 2.530 1.211 
0.375" 1.654 
0.120" 1.377 
0.216" 2.374 1.136 
0.300" 3.172 1.518 
2.102 


lin = 25.4 mm 


hy pP uM 
For— «05 i= 0.537(“) (3) (B4.21) 
7 
where ¢ = run pipe wall thickness, in 
r = run pipe mean radius, in 
ry = branch pipe mean radius, in 


These equations are for integrally reinforced branch connections such as 
latrolets. By the analogy used in Fig. NC-3673.2(b)-1 in Section III of the 
ASME Code, the SIF for unreinforced 45? branch connections (stub-ins) can 
be obtained by multiplying the factors obtained above by (4.4)? = 2.685. 
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TABLE B4.3f SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 10 
(DN 250)) 


Run pipe, NPS 10 (DN 250) 


Run pipe schedule 


Branch pipe 40 80 120 
Run pipe wall thickness 
Sch. Thickness 0.165" 0.365" 0.594" 0.844" 
10s 0.083" 1272 1.000 
40 0.113" 1.652 1.000 1.000 
80 0.154" 1.000 1.000 
160 0.219" 1.000 
10s 0.109" 1.916 1.000 
40 0.133" 2.269 1.000 1.000 
80 0.179" 1.000 1.000 
160 0.250" 1.000 
0.109" 2.563 1.000 
40 0.145" 3.308 1.000 1.000 
80 0.200" 1.154 1.000 
0.281" 1.000 
10s 0.109" 1.000 
40 0.154" 1.090 1.000 
80 0.218" 1477 1.000 
0.344" 1.035 
0.120" 1.011 
0.203" 1.634 1.000 
0.276" 2.131 1.000 
0.375" 1.288 
0.120" 1.160 
0.216" 2.000 1.000 
0.300" 2.672 1.182 
0.438" 1.637 
0.120" 1.373 
0.237" 2.603 1.152 
0.337" 3.572 1.581 
0.438" 1.980 
0.531" 2.318 
lin = 25.4 mm 
e. Pipet 
0.9 
For butt-weld pipet a 
r 
. 5.0t 
For socket-weld pipet h= Fa 
4.19t 


For threaded pipet h= 
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TABLE B4.3g SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 12 or 
DN 300) 


Run pipe, NPS 12 (DN 300) 


Run pipe schedule 
Branch pipe 40 80 


Run pipe wall thickness 
Thickness 0.180" | 0.375" | 0.406" | 0.688" 1.000" 1.312" 


0.083" 1.132 1.000 1.000 
0.113" 1.471 1.000 1.000 
0.154" 1.000 1.000 
0.219" 
0.109" 1.706 1.000 1.000 
0.133" 2.020 1.000 1.000 
0.179" 1.000 1.000 
0.250" 
0.109" 1.000 1.000 
0.145" 1.000 1.000 
0.200" 1.136 1.000 
0.281" 
0.109" 1.000 
0.154" 1.000 
0.218" 1.273 
0.344" 
0.120" 1.000 
0.203" 1.409 
0.276" 1.837 
0.375" 
0.120" 1.000 
0.216" 1.724 
0.300" 2.303 
0.438" 
0.120" 1.183 
0.237" 2.244 
0.337" 3.079 
0.438" 
0.531" 


lin = 25.4 mm 


f. Branchlet 


(B4.23) 


g. Reducing elbow 
0.9 


pc (TBJ RES or 2.0—whichever is higher (B4.24) 
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TABLE B4.3h SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 14 or 
DN 350) 


Run pipe, NPS 14 (DN 350) 


Run pipe schedule 
Branch pipe 40 80 


Run pipe wall thickness 
Thickness 0.250" 0.375" 0.38" 0.750" 1.094" 


0.109" 1.002 1.000 

0.133" 1.186 1.000 1.000 
0.179" 1.000 1.000 
0.250" 
0.109" 1.000 
0.145" 1.000 
0.200" 1.155 
0.281" 
0.109" 1.000 
0.154" 1.091 
0.218" 1.478 
0.344" 
0.120" 1.012 
0.203" 1.635 
0.276" 2.132 
0.375" 
0.120" 1.160 
0.216" 2.000 
0.300" 2.673 
0.438" 
0.120" 1.373 
0.237" 2.604 
0.337" 3.573 
0.438" 
0.531" 
0.134" 
0.280" 
0.432" 
0.562" 
0.719" 


lin = 25.4 mm 


where T — wall thickness of large end, in 
B = actual bend radius, in 
R = mean radius of large end, in 


ASME B31.1 Power Piping Code.’ This code concerns nonnuclear piping such 
as that found in the turbine building of a nuclear plant or in a fossil-fuel power 
plant. Piping services include steam, water, oil, gas, and air. Design requirements 
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TABLE B4.3j SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 16 or 
DN 400) 


Run pipe, NPS 16 (DN 400) 


Run pipe schedule 
Branch pipe 40 80 


Run pipe wall thickness 
Thickness 0.250" 0.375" 0.500" 0.844" 1219" 


0.109" 1.025 1.000 

0.133" 1.213 1.000 1.000 
0.179" 1.000 1.000 
0.250" 
0.109" 1.000 
0.145" 1.000 
0.200" 1.181 
0.281" 
0.109" 1.000 
0.154" 1.116 
0.218" 1.512 
0.344" 
0.120" 1.035 
0.203" 1.672 
0.276" 2.181 
0.375" 
0.120" 1.187 
0.216" 2.047 
0.300" 2.734 
0.438" 
0.120" 1.405 
0.237" 2.664 
0.337" 3.656 
0.438" 
0.531" 
0.134" 
0.280" 
0.432" 
0.562" 
0.719" 


lin = 25.4 mm 


of this code cover those for pipe, flanges, bolting, gaskets, valves, relief devices, 
fittings, and the pressure-containing portions of other piping components. It also 
includes hangers and supports and other equipment items necessary to prevent 
overstressing the pressure-containing components. 

The loadings required to be considered are pressure; weight (live, dead, and 
under test loads); impact (e.g., water hammer); wind; earthquake (where applica- 
ble); vibration; and those loadings resulting from thermal expansion and con- 
traction. 
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TABLE B4.3j SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 18 or 
DN 450) 


Run pipe, NPS 18 (DN 450) 


Run pipe schedule 
Branch pipe STD XS 40 


Run pipe wall thickness 
Thickness 0.250" 0.375" 0.500" 0.562" 1.988" 


0.109" 1.398 1.000 

0.145" 1.804 1.000 1.000 
0.200" 1.205 1.000 
0.281" 1.018 
0.109" 1.000 

0.154" 1.139 1.000 
0.218" 1.543 1.000 
0.344" 1.510 
0.120" 1.056 

0.203" 1.706 1.055 
0.276" 2.225 1.376 
0.375" 1.880 
0.120" 1.211 

0.216" 2.088 1.291 
0.300" 2.790 1.725 
0.438" 2.388 
0.120" 1.433 

0.237" 2.718 1.681 
0.337" 3.730 2.306 
0.438" 2.889 
0.531" 3.383 
0.134" 1.952 

0.280" 3.942 2.438 
0.432" 5.865 3.627 
0.562" 4.669 
0.719" 5.743 
0.148" 
0.322" 3.239 
0.500" 4.868 
0.719" 6.907 
0.906" 8.396 


lin = 25.4 mm 


The design equations and stress limits are as follows (terms are the same as 
those for Class 2 and 3 piping except for those defined below): 


1. Stress due to sustained loads. The effects of pressure, weight, and other sustained 
mechanical loads must meet the requirements of Eq. (B4.25): 
PD,  0.75iM4 


$,j = < 1.05 B4.25 
L n: T Z < h ( ) 
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TABLE B4.3k SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 20 or 
DN 500) 


Run pipe, NPS 20 (DN 500) 


Run pipe schedule 
Branch pipe XS 40 


Run pipe wall thickness 
Thickness 0.218" 0.375" 0.500" 0.594" 1.081" 


0.109" 1.789 1.000 

0.145" 2.308 1.000 1.000 
0.200" 1.227 1.000 
0.281" 1.675 1.036 
0.109" 1.000 

0.154" 1.159 1.000 
0.218" 1.570 1.000 
0.344" 1.538 
0.120" 1.075 

0.203" 1.737 1.074 
0.276" 2.266 1.401 
0.375" 1.914 
0.120" 1.233 

0.216" 2.126 1.315 
0.300" 2.840 1.756 
0.438" 2.432 
0.120" 1.459 

0.237" 2.767 1.711 
0.337" 3.797 2.348 
0.438" 2.942 
0.531" 3.445 
0.134" 
0.280" 2.482 
0.432" 3.693 
0.562" 4.754 
0.719" 
0.148" 
0.322" 
0.500" 
0.719" 
0.906" 


lin = 25.4 mm 


where S, = sum of longitudinal stresses due to pressure, weight, and other 
sustained loads, psi. 


2. Stress due to occasional loads. The effects of pressure, weight, other sustained 
loads, and occasional loads including earthquake must meet the requirements 
of Eq. (B4.26): 

PD, | 0.75i(MA4 + Mp) 


| < kS B4.26 
Af Z a h ( ) 
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TABLE B4.3/ SIFs for Typical Weldolet Branch Connections (Run Pipe Size: NPS 24 or 
DN 600) 


Run pipe, NPS 24 (DN 600) 


Run pipe schedule 
Branch pipe XS 40 


Run pipe wall thickness 
Thickness 0.218" 0.375" 0.500" 0.594" 1.081" 


0.109" 1.716 1.000 

0.154" 2.352 1.196 1.000 
0.218" 1.620 1.002 
0.344" 1.586 
0.120" 1.109 

0.203" 1.792 1.108 
0.276" 2.337 1.445 
0.375" 1.974 
0.120" 1.272 

0.216" 2.193 1.356 
0.300" 2.929 1.812 
0.438" 2.509 
0.120" 1.505 

0.237" 2.854 1.765 
0.337" 3.916 2.423 
0.438" 3.035 
0.531" 3.553 
0.134" 2.050 

0.280" 4.139 2.560 
0.432" 6.158 3.809 
0.562" 4.904 
0.719" 
0.148" 2.608 
0.322" 5.499 
0.500" 
0.719" 
0.906" 
0.165" 
0.365" 
0.594" 
0.844" 
1.125" 


lin = 25.4 mm 


where k = 1.15 for occasional loads acting less than 10 percent of operating 
period; 1.2 for occasional loads acting less than 1 percent of op- 
erating period 


3. Thermal expansion stress range. The effects of thermal expansion must meet 
the requirements of Eq. (B4.27): 
iMc 
z S Sat f SL) (B4.27) 
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TABLE B4.4a SIFs for Class 3000 Half-Couplings (Branch Pipe Schedule 40) (Run Pipe 
Size: NPS 1% to 8 (DN 40 to 200)) 


Sch. 40 branch pipe size and thickness 


Branch pipe size 


Ve 3A 1 1% 1% 2 
Run pipe (15) (20) (25) (32) (40) (50) 


Branch pipe wall thickness 
Thickness 0.113" 0.133" 0.140" 0.145" 0154" 


0.109" 3.665 3.665 3.665 3.665 3.665 
0.145" 2.989 2.989 2.989 2.989 2.989 
0.200" 2.362 2.362 2.362 2.362 2.362 
0.281" 1.822 1.822 1.822 1.822 1.822 
0.109" 2.975 4.287 4.287 4.287 4.287 
0.154" 1.667 3.359 3.359 3.359 3.359 
0.218" 1.000 2.613 2.613 2.613 2.613 
0.344" 1.000 1.852 1.852 1.852 1.852 
0.120" 2.619 3.614 4.580 4.580 4.580 
0.203" 1.085 1.497 3.161 3.161 3.161 
0.276" 1.000 1.000 2.528 2.528 2.528 
0.375" 1.000 1.000 2.008 2.008 2.008 
0.120" 2.710 3.739 4.624 5.249 5.249 
0.216" 1.012 1.397 1.728 3.480 3.480 
0.300" 1.000 1.000 1.000 2.747 2.747 
0.438" 1.000 1.000 1.000 2.073 2.073 
0.120" 2.829 3.904 4.828 5.583 6.239 
0.237" 1.000 1.250 1.546 1.788 3.893 
0.337" 1.000 1.000 1.000 1.000 3.030 
0.531" 1.000 1.000 1.000 1.000 2.168 
0.134" 2.513 3.469 4.289 4.960 6.250 
0.280" 1.000 1.012 1.251 1.447 1.823 
0.432" 1.000 1.000 1.000 1.000 1.000 
0.562" 1.000 1.000 1.000 1.000 1.000 
0.148" 2.227 3.073 3.800 4.394 5.537 
0.250" 1.000 1.280 1.583 1.830 2.306 
0.322" 1.000 1.000 1.037 1.199 1.510 
0.500" 1.000 1.000 1.000 1.000 1.000 


lin = 25.4 mm 


4. The requirement for the effects of any single nonrepeated anchor movement is 
not specified. 


ASME B31.3 Process Piping Code.’ This code governs all piping within the prop- 
erty limits of facilities engaged in the processing or handling of chemical, petroleum, 
or related products. Examples are a chemical plant, petroleum refinery, loading 
terminal, natural gas processing plant, bulk plant, compounding plant, and tank 
farm. Excluded from the B31.3 code are piping carrying nonhazardous fluid with 
an internal gauge pressure less than 15 psi (103.5 kPa) and a temperature below 
366°F (186°C); plumbing; sewers; fire protection systems; boiler external piping per 
B31.1 as well as pipelines per B31.4 or B31.8. 


B.138 GENERIC DESIGN CONSIDERATIONS 


TABLE B4.4b  SIFs for Class 3000 Half-Couplings (Branch Pipe Schedule 40) (Run Pipe 
Size: NPS 10 to 24 (DN 250 to 600)) 


Sch. 40 branch pipe size and thickness 


Branch pipe size 


Vo 3A 1 1% 1% 2 
Run pipe (15) (20) (25) (32) (40) (50) 


Branch pipe wall thickness 
Thickness 0.109" 0.113" 0.133" 0.140" 0.145" 0154" 


0.165" 1.538 1.928 2.660 3.290 3.804 4.793 
0.250" 1.000 1.000 1.329 1.644 1.901 2.395 
0.365" 1.000 1.000 1.000 1.000 1.010 1.272 
0.594" 1.000 1.000 1.000 1.000 1.000 1.000 
0.180" 1.369 1.716 2.368 2.928 3.386 4.267 
0.250" 1.000 1.000 1.368 1.692 1.957 2.466 
0.375" 1.000 1.000 1.000 1.000 1.000 1.252 
0.406" 1.000 1.000 1.000 1.000 1.000 1.097 
0.250" 1.000 1.007 1.390 1.719 1.988 2.505 
0.312" 1.000 1.000 1.000 1.187 1.373 1.730 
0.375" 1.000 1.000 1.000 1.000 1.010 1.273 
0.438" 1.000 1.000 1.000 1.000 1.000 1.000 
0.250" 1.000 1.030 1.422 1.759 2.034 2.562 
0.312" 1.000 1.000 1.000 1.215 1.405 1.770 
0.375" 1.000 1.000 1.000 1.000 1.033 1.302 
0.500" 1.000 1.000 1.000 1.000 1.000 1.000 
0.250" 1.000 1.051 1.451 1.794 2.075 2.614 
0.312" 1.000 1.000 1.002 1.239 1.433 1.806 
0.375" 1.000 1.000 1.000 1.000 1.054 1.328 
0.438" 1.000 1.000 1.000 1.000 1.000 1.025 
0.250" 1.000 1.070 1.477 1.826 2.112 2.661 
0.375" 1.000 1.000 1.000 1.000 1.073 1.352 
0.500" 1.000 1.000 1.000 1.000 1.000 1.000 
0.593" 1.000 1.000 1.000 1.000 1.000 1.000 
0.250" 1.000 1.103 1.523 1.883 2.178 2.744 
0.375" 1.000 1.000 1.000 1.000 1.107 1.395 
0.500" 1.000 1.000 1.000 1.000 1.000 1.000 
0.562" 1.000 1.000 1.000 1.000 1.000 1.000 


lin = 25.4 mm 


The loadings required to be considered are pressure, weight (live and dead 
loads), impact, wind, earthquake-induced horizontal forces, vibration, discharge 
reactions, thermal expansion and contraction, temperature gradients, and anchor 
movements. 

The governing equations are as follows: 


1. Stresses due to sustained loads. The sum of the longitudinal stresses S, due to 
pressure, weight, and other sustained loads must not exceed S, (basic allowable 
stress at maximum metal temperature). The thickness of pipe used in calculating 
Sı shall be the nominal thickness minus mechanical, corrosion, and crosion allow- 
ances. 
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TABLE B4.4c SIFs for Class 3000 Half-Couplings (Branch Pipe Schedule 80) (Run Pipe 
Size: NPS 1% to 8 (DN 40 to 200)) 


Sch. 80 branch pipe size and thickness 


Branch pipe size 


Vo 3A 1 1% 1% 2 
Run pipe (15) (20) (25) (32) (40) (50) 


Branch pipe wall thickness 
Thickness 0.154" 0.179" 0.191" 0200" 


0.109" 3.665 3.665 3.665 3.665 
0.145" 2.989 2.989 2.989 2.989 
0.200" 2.362 2.362 2.362 2.362 
0.281" 1.822 1.822 1.822 1.822 
0.109" 3.792 4.287 4.287 4.287 
0.154" 2.124 3.359 3.359 3.359 
0.218" 1.184 2.613 2.613 2.613 
0.344" 1.000 1.852 1.852 1.852 
0.120" 3.337 4.580 4.580 4.580 
0.203" 1.382 1.898 3.161 3.161 
0.276" 1.000 1.132 2.528 2.528 
0.375" 1.000 1.000 2.008 2.008 
0.120" 3.453 4.742 5.249 5.249 
0.216" 1.290 1.772 2.239 3.480 
0.300" 1.000 1.020 1.290 2.747 
0.438" 1.000 1.000 1.000 2.073 
0.120" 3.605 4.951 6.239 6.239 
0.237" 1.154 1.585 2.004 2.351 
0.337" 1.000 1.000 1.110 1.302 
0.531" 1.000 1.000 1.000 1.000 
0.134" 3.203 4.398 5.560 6.523 
0.280" 1.000 1.283 1.622 1.903 
0.432" 1.000 1.000 1.000 1.000 
0.562" 1.000 1.000 1.000 1.000 
0.148" 2.838 3.897 4.925 5.779 
0.250" 1.182 1.623 2.052 2.407 
0.322" 1.000 1.063 1.344 1.576 
0.500" 1.000 1.000 1.000 1.000 


lin = 25.4 mm 


2. Stresses due to occasional loads. The sum of the longitudinal stresses due to 
pressure, weight, and other sustained loads and of the stresses produced by 
occasional loads such as earthquake or wind shall not exceed 1.33S,. Earthquake 
and wind loads need not be considered as acting simultaneously. 

3. Stress range due to expansion loads. The displacement stress range S; shall not 
exceed S4: 


Sg € SA (B4.28) 
where S; = (Sj? + 487)!” 


S, = resultant bending stress, psi 
= [G;M;y + (i,M,) PZ 
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TABLE B4.4d SIFs for Class 3000 Half-Couplings (Branch Pipe Schedule 80) (Run Pipe 
Size: NPS 10 to 24 (DN 250 to 600)) 


Sch. 80 branch pipe size and thickness 


Branch pipe size 


Vo 3A 1 1% 1% 2 
Run pipe (15) (20) (25) (32) (40) (50) 
Branch pipe wall thickness 
Thickness 0.154" 0.179" 0.191" 0.200" 
0.165" 2.457 3.373 4.264 5.003 
0.250" 1.227 1.685 2.130 2.499 
0.365" 1.000 1.000 1.132 1.328 
0.594" 1.000 1.000 1.000 1.000 
0.180" 2.187 3.003 3.796 4.453 
0.375" 1.000 1.000 1.114 1.307 
0.406" 1.000 1.000 1.000 1.144 
0.500" 1.000 1.000 1.000 1.000 
0.250" 1.284 1.763 2.228 2.614 
0.375" 1.000 1.000 1.132 1.328 
0.438" 1.000 1.000 1.000 1.024 
0.500" 1.000 1.000 1.000 1.000 
0.250" 1.313 1.803 2.279 2.674 
0.312" 1.000 1.246 1.575 1.847 
0.375" 1.000 1.000 1.158 1.359 
0.500" 1.000 1.000 1.000 1.000 
0.250" 1.340 1.840 2.325 2.728 
0.375" 1.000 1.000 1.182 1.386 
0.438" 1.000 1.000 1.000 1.070 
0.562" 1.000 1.000 1.000 1.000 
0.250" 1.364 1.873 2.367 2.777 
0.375" 1.000 1.000 1.203 1.411 
0.500" 1.000 1.000 1.000 1.000 
0.593" 1.000 1.000 1.000 1.000 
0.250" 1.406 1.931 2.441 2.864 
0.375" 1.000 1.000 1.241 1.456 
0.500" 1.000 1.000 1.000 1.000 
0.562" 1.000 1.000 1.000 1.000 
lin = 25.4 mm 
Mi; = in-plane bending moment, in - lb 


A 
ll 


out-of-plane bending moment, in - lb 
i; = in-plane stress intensification factor obtained from Fig. B4.5a (see 
also figure note 10) 
i, = out-of-plane stress intensification factor obtained from Fig. B4.5a 
(see also figure note 10) 
S, = torsional stress, psi 
= M/(2Z) 
M, = torsional moment, in - Ib 
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TABLE B4.4e SIFs for Class 6000 Half-Couplings (Branch Pipe Schedule 160) (Run Pipe 
Size: 1% to 8 in (DN 40 to 200)) 


Sch. 160 branch pipe size and thickness 


Branch pipe size 


Vo 3A 1 1% 1% 2 
Run pipe (15) (20) (25) (32) (40) (50) 
Branch pipe wall thickness 
Thickness 0.219" 0.250" 0250" 0281" 
0.109" 3.664 3.665 3.665 3.665 
0.145" 2.459 2.989 2.989 2.989 
0.200" 1.431 2.362 2.362 2.362 
0.281" 1.822 1.822 1.822 1.822 
0.109" 4.128 4.287 4.287 4.287 
0.154" 2.313 2.979 3.359 3.359 
0.218" 1.290 1.661 2.613 2.613 
0.344" 1.000 1.852 1.852 1.852 
0.120" 3.633 4.580 4.580 4.580 
0.203" 1.505 1.939 3.161 3.161 
0.276" 1.000 1.157 2.528 2.528 
0.375" 1.000 1.000 2.008 2.008 
0.120" 3.759 4.843 5.249 5.249 
0.216" 1.405 1.809 2.481 2.859 
0.300" 1.000 1.042 1.429 2.747 
0.438" 1.000 1.000 1.000 2.073 
0.120" 3.925 5.056 6.239 6.239 
0.237" 1.257 1.619 2.220 2.558 
0.337" 1.000 1.000 1.230 1.417 
0.531" 1.000 1.000 1.000 1.000 
0.134" 3.487 4.492 6.159 7.098 
0.280" 1.017 1.310 1.796 2.070 
0.432" 1.000 1.000 1.000 1.001 
0.562" 1.000 1.000 1.000 1.000 
0.148" 3.089 3.980 5.456 6.288 
0.250" 1.287 1.658 2.273 2.619 
0.322" 1.000 1.086 1.488 1.715 
0.500" 1.000 1.000 1.000 1.000 
lin = 25.4 mm 
S4 — allowable displacement stress range 


f(1.25S, + 0.258,) 

= f[1.25(S. F Si) = Sı] when Sh > Si 
S, = basic allowable stress at minimum metal temperature, psi 
f ^ stress range reduction factor per Table B4.2 


ASME B31.4 Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum 
Gas, Anhydrous Ammonia, and Alcohols Piping Code." The scope of ASME 
B31.4, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, 
Anhydrous Ammonia, and Alcohols, governs piping transporting liquids such as 
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TABLE B4.4f SIFs for Class 6000 Half-Couplings (Branch Pipe Schedule 160) (Run Pipe 
Size: 10 to 24 in (DN 250 to 600)) 


Sch. 160 branch pipe size and thickness 


Branch pipe size 


Vo 3A 1 1% 1% 2 
Run pipe (15) (20) (25) (32) (40) (50) 


Branch pipe wall thickness 
Thickness 0.219" 0.250" 0.250" 0281" 


0.165" 2.674 3.445 4.723 5.444 
0.250" 1.336 1.721 2.360 2.720 
0.365" 1.000 1.000 1.254 1.445 
0.594" 1.000 1.000 1.000 1.000 
0.180" 2.381 3.067 4.205 4.846 
0.375" 1.000 1.000 1.234 1.422 
0.406" 1.000 1.000 1.081 1.245 
0.687" 1.000 1.000 1.000 1.000 
0.250" 1.398 1.800 2.468 2.845 
0.375" 1.000 1.000 1.254 1.445 
0.438" 1.000 1.000 1.000 1.115 
0.594" 1.000 1.000 1.000 1.000 
0.250" 1.430 1.842 2.525 2.910 
0.375" 1.000 1.000 1.283 1.479 
0.500" 1.000 1.000 1.000 1.000 
0.656" 1.000 1.000 1.000 1.000 
0.250" 1.458 1.879 2.576 2.969 
0.375" 1.000 1.000 1.309 1.508 
0.438" 1.000 1.000 1.010 1.164 
0.562" 1.000 1.000 1.000 1.000 
0.250" 1.485 1.912 2.622 3.022 
0.375" 1.000 1.000 1.333 1.536 
0.500" 1.000 1.000 1.000 1.000 
0.593" 1.000 1.000 1.000 1.000 
0.250" 1.531 1.972 2.704 3.116 
0.375" 1.000 1.002 1.374 1.584 
0.562" 1.000 1.000 1.000 1.000 
0.687" 1.000 1.000 1.000 1.000 


lin = 25.4 mm 


crude oil, condensate, natural gasoline, natural gas liquids, liquefied petroleum gas, 
liquid alcohol, liquid anhydrous ammonia, and liquid petroleum products between 
producers' lease facilities, tank farms, natural gas processing plants, refineries, 
stations, ammonia plants, terminals, and delivery and receiving points. Excluded 
from B31.4 are auxiliary piping such as water, air, steam, lubricating oil, gas, and 
fuel; piping with an internal gauge pressure at or below 15 psi (103.5 kPa) regardless 
of temperature; piping with an internal gauge pressure above 15 psi (103.5 kPa) 
and a temperature below —20°F (—29°C) or above 250°F (121°C); and piping for 
petroleum refinery, gas transmission and distribution, ammonia refrigeration, and 
so on, that is covered by other ASME B31 sections. 
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The limits of calculated stresses are as follows: 


1. Stresses due to sustained loads. The sum of the longitudinal stresses due to 
pressure, weight, and other sustained external loads shall not exceed 0.755, 
where S4 = 0.728, (specified minimum yield strength). 


2. Stresses due to occasional loads. The sum of the longitudinal stresses produced 
by pressure, live and dead loads, and those produced by occasional loads, such 
as wind or earthquake, shall not exceed 0.85, 


3. Stresses due to expansion loads 


a. Restrained lines. The net longitudinal compressive stress due to the com- 
bined effects of temperature rise and fluid pressure shall be computed from 
the equation. 


Sı = Ea(T; — T) — v$y (B4.29) 


where S, = longitudinal compressive stress, psi 
Sy = hoop stress due to fluid pressure, psi 
T, = temperature at time of installation, °F 
T; = maximum or minimum operating temperature, °F 
E = modulus of elasticity, psi 
a = linear coefficient of thermal expansion, in/(in - °F) 
v — Poisson's ratio — 0.30 for steel 


Then the equivalent tensile stress is calculated as 


Seqiv = Sy + Si < 0.98, (B4.30) 


where Seqy = the equivalent tensile stress, psi. Beam bending stresses shall 
be included in the longitudinal stress for those portions of the restrained line 
which are supported aboveground. 


b. Unrestrained lines. Stresses due to expansion for those portions of the piping 
without substantial axial restraint shall be combined in accordance with the 
following equation: 


Se = (S2 +482)? < Sa (B4.31) 


where S; = stress due to expansion, psi 
S, = [GM + (GM,Y]?/Z 
= equivalent bending stress, psi 
S, = M,/(2Z) = torsional stress, psi 
M; = in-plane bending moment, in - Ib 
M, = out-of-plane bending moment, in - Ib 
M, = torsional moment, in - lb 
i; = in-plane stress intensification factor obtained from Fig. B4.5a 
i, = out-of-plane stress intensification factor obtained from Fig. B4.5a 
Z = section modulus of pipe, in? 


ASME B31.5 Refrigeration Piping Code." The scope of this code covers refriger- 
ant and secondary coolant piping for temperatures as low as —320°F (196°C). 
Excluded from this code are piping designed for external or internal gauge pressure 
not exceeding 15 psi (103.5 kPa) regardless of size; water piping; and any self- 
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contained or unit systems subject to the requirements of Underwriters' Laboratories 
or other nationally recognized testing laboratory. 
The limits of calculated stresses are as follows: 


1. Stresses due to expansion loads. The expansion stress range S; shall not exceed 
the allowable stress range Sy. 


Se < Sa = f (1.258, +0.25S;) (B4.32) 


where S; = expansion stress range = (Sj? + 4$/)!”, psi 
S, = resultant bending stress 
= [GM  ((,M;y|'?/Z, psi 
S, = torsional stress = M,/(2Z), psi 
Mi; = in-plane bending moment, in - lb 
M, = out-of-plane bending moment, in - Ib 
M, = torsional moment, in - Ib 
i; = in-plane stress intensification factor obtained from Fig. B4.5a 
i, — out-of-plane stress intensification factor obtained from Fig. B4.5a 
Z = section modulus of pipe, in? 
S, = basic material allowable stress at minimum (cold) normal tempera- 
ture, psi 
S, = basic material allowable stress at maximum (hot) normal tempera- 
ture, psi 
f ^ stress range reduction factor obtained from Fig. B4.5d 


Cycles per day for 20 year life 
2 324 6 810 20 30405C 
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4 6 810* 2 34 6 8105 2 34 
Total number N of cycles during anticipated life 


FIGURE B4.5d Stress range reduction factors. (Extracted 


from Refrigeration Piping Code, ASME B31.5 1992. Courtesy 
of ASME.) 


2. Stresses due to sustained loads. The sum of the longitudinal stresses due to 
pressure, weight, and other sustained external loading S, shall not exceed S, 
Where S, > Sa, the difference S, — S; may be added to the term in parentheses 
in Eq. (B4.32). 

3. Stresses due to occasional loads. The sum of the longitudinal stresses produced 
by pressure, live and dead loads, and occasional loads, such as wind or earthquake, 
may not exceed 1.335;. It is not necessary to consider wind and earthquake as 
occurring concurrently. 


TABLE B4.5 Temperature Derating Factor T for Steel 
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Pipe 
Temperature derating 
Temperature, ^F (°C) factor T 

250 or less (121.1 or less) 1.000 
300 (148.9) 0.967 
350 (176.7) 0.933 
400 (204.4) 0.900 
450 (233.2) 0.867 


Note: For intermediate temperatures, interpolate for derating 
factor. 
Source: ASME B31.8, 1995. Gas Transmission and Distribution 


Piping Systems. (Courtesy of ASME.) 


ASME B31.8, Gas Transmission and Distribution Piping Code.” 


B.145 


This code gov- 


erns most of the pipelines in gas transmission and distribution systems up to the 
outlet of the customer’s meter set assembly. Excluded from this code are piping 
with metal temperatures above 450°F (232.2°C) or below —20°F (—29°C); piping 
beyond the outlet of the customer’s meter set assembly; piping in oil refineries or 
natural gas extraction plants, gas treating plants, and so on, which is covered by 
other ASME B31 codes; waste gas vent pipe operating at atmospheric pressures; 
and liquid petroleum transportation piping. The governing equations are as follows: 


1. Stresses due to pressure and external loads. 


The sum of the longitudinal pressure 


stress and the longitudinal bending stress due to external loads such as weight, 
wind, and so on, S;, shall not exceed 0.755, FT: 


SL € 0.758, FT 


where S, = specified minimum yield strength, psi 
T = temperature derating factor obtained from Table B4.5 
F = construction-type design factor obtained from Table B4.6. The con- 
struction types are associated with the population density of the 
surrounding area as follows: 
Type A: Sparsely populated areas such as deserts, mountains, and 
farmland 
Type B: Fringe areas around cities or towns 


TABLE B4.6 Values of Design Factor F 


Construction type Design factor F 
A 0.72 
B 0.60 
C 0.50 
D 0.40 
Source: ASME B31.8, 1995. (Courtesy of 


ASME.) 


(B4.33) 
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Type C: Cities or towns with no buildings over three stories tall 
Type D: Areas with taller buildings 


2. Stress range due to expansion loads. The maximum combined expansion stress 
range S; shall not exceed 0.725: 


1/2 


Sg = (SÈ +48?) ^ < 0.728, (B4.34) 


where S, = resultant bending stress = iM,/Z, psi 
S, = torsional stress = M,/(2Z), psi 
M, = resultant bending moment, in - lb 
M, = torsional moment, in - lb 
i = stress intensification factor obtained from Fig. B4.5a (see figure 
note 10) 
Z = section modulus of pipe, in? 


3. Stresses due to pressure, external loads, and expansion loads. The sum of the 
longitudinal pressure stress, the longitudinal bending stress due to external loads, 
and the combined stress due to expansion shall not exceed S,. 


STRESS INTENSIFICATION FACTORS (SIF) FOR 
NONSTANDARD FITTINGS 


Stress intensification factors for fittings such as Wye (Y) connections and latrolets 
are not available in the current editions of codes. The following subsections provide 
data for obtaining appropriate SIFs for various nonstandard fittings. 


SIF for 90-Degree Wye Connection 


The following SIF (i) which can be used is based on a comparative finite element 
analysis study? of a Wye connection and a Tee connection. See Fig. B4.5i. 


i for forged Wye connection = 1.0 (i of WTEE) 


for all moments except for torsion and out-of-plane bending moment components 
from branch side 


i» for forged Wye connection = 3.3 (i of WTEE) 
for out-of-plane bending moment components from branch side 
i» for forged Wye connection = 1.1 (i of WTEE) 


for torsional moment components from branch side 


Use UTEE (unreinforced tee) instead of WTEE (welding tee) in the above 
expressions if the Wye connection is a fabricated Wye.” 
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SIF for Weldolets, Sockolets, and Half-Couplings 


RN, 
i, = 0.8[ — — >2.1 (forrun side) 
T R 


R\7B /rN\ Ptr r 
y= 15( | (x) uum if <0.9 (for branch side) 


R\ tr F 
ip =0.9| — —— > 1.0 if—=+=1.0 (for branch side) 
T Trp R 


For branch-side stresses, branch-side section modulus should be used. 
For insert or contour weldolets, the coefficients in the above equations 0.8, 1.5, 
and 0.9 are replaced by 0.4, 0.75, and 0.45, respectively. 


R, T = mean radius and wall thickness of run pipe 
r, t — mean radius and wall thickness of branch pipe 
r, — outside radius of the reinforcement on nozzle or branch 


The above equations are based on Refs. 14 and 15. 


SIF for 45-Degree Latrolets 


Forged latrolet: i = 0.5727 (R/Ty? based on h = 1.97 (T/R) 
Fabricated lateral: i = 1.5378(R/Ty? obtained by multiplying the SIF of forged 
latrolet by (4.45 


See Ref. 16. 


SIF for Reducers 


Even though the reducer is a standard fitting and the formula for SIF is available 
in the codes," the cone angle is not readily available. The following SIF formula 
from the codes can be used for large-bore concentric and eccentric reducers. Using 
data from Ref. 18, the following expressions can be used for the cone angle, o: 


d, N95 

i =05+ ooo (4) (1.0 < i < 2.0) 
D ] D 

a, = [80.4 7) —629 for 1«— <13 
d d 
D D 

a, = (28.3 —}+2.9 for — 213 
d d 

Qr 


for concentric reducers 


R 
II 


œ =a for eccentric reducers 
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where o — cone angle in degrees 
D, d = mean diameter of large and small ends of reducer, respectively 
d, t; = outside diameter and thickness of small end of reducer, respectively 


See Refs. 17 and 18. 


LOCAL STRESSES 


In addition to the general pipe stresses (the pressure stress and the moment stress) 
as described in the previous sections, there are certain local pipe wall stresses 
produced by (1) restraint of the pipe radial thermal and internal pressure expansion 
of pipe-through-structural-steel type of anchors, (2) the transfer of load from the 
supporting surface to the pipe surface over a contact length along the axis of the 
pipe, or (3) attachments welded to pipe (e.g., lugs and trunnions). 


Local Stresses and Code Requirements 


The local stresses S,, S7, S7", and S7 can be expressed as follows: 
Si, 57,57", or SP" 
= max [lo + cjl. |o» + 031, lon -- 05 — (1 +.0/)|] (B4.35) 


where S, = local stress due to deadweight, psi 
Si = local stress due to deadweight, seismic inertia, and other dynamic 
loads, psi 
S7* = local stress due to thermal expansion and seismic anchor movement, psi 
nc local stress due to concurrently acting loads, psi 
= longitudinal membrane stress, psi 
xe — circumferential membrane stress, psi 
g, = circumferential bending stress, psi 
g; = longitudinal bending stress, psi 


Strictly speaking, the present piping codes give no specific limits for local stresses. 
As an industry practice, the calculated local stress is added to the general pipe 
stress and then compared with the pipe stress allowables specified by the applicable 
code. As an example, the total (general plus local) pipe stresses for ASME Class 
2 and 3 piping shall satisfy the following equations [see Eqs. (B4.9), (B4.10), (B4.11), 
(B4.12) for definitions of symbols]: 


1. Design loading 


2 
| | 39L < 1.58, (B4.36) 
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. Service loadings 
Bi Pmax Do us Bo(M, + Mg) 2 
2t Z 3 
1.855,, but not greater than 1.55, for level A and B loadings 


< 4 2.25%), but not greater than 1.85, for level C loadings 
3.05,, but not greater than 2.05, for level D loadings (B4.37) 


S; 


. Sustained and thermal expansion loading: Either of the following equations 
shall be satisfied: 


Mey lo g (B4.38) 
| SORS OUS 
Or 
PD, 0.75iMa | iMc | 2, loe cs ug (B4.39) 
4t Z a OE CU P 


. Local stress limit loading 


BT ue 255. (B4.40) 


Local Stress Due to Restraint of Pipe Radial Expansion 


The membrane and flexural stresses can be calculated as follows”: 


0, is negligible 


X12D2A?^(65 +ô 
of = : PEI (B4.41) 
t 
—(8p + 67)E 
o = SRE vo; (B4.42) 
R 
o, = vo] (B4.43) 
àp— ER. (B4.44) 
PUE! i 
ór =aRAT (B4.45) 


where P = internal pressure of pipe, psi 


R = pipe outside radius, in 
E = modulus of elasticity of pipe, psi 
t = pipe wall thickness, in 
a = coefficient of thermal expansion of pipe, in/(in - °F) 
AT = range of thermal expansion temperatures, °F 
v = Poisson’s ratio 
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D = EPI[12( — v?)] 

A = [31 - vA (RAI 
In the case of the local stress produced by restraint to the pipe radial expansion, 
S, = Sj = 0. For fillet weld, i = 2.1 should be used. In addition, the stress check 
on limit loading is required. Here, $7" = S7". 
Local Stress Due to Contact 
The membrane and flexural stresses can be calculated as follows”: 


1. For line contact 


o; = —0.52F (Rm) FL tT (B4.46) 
(Note: o, is considered to be included in this equation.) 

oz = —0496F (Ry) "^L 3215/4 (B4.47) 

Gy E20; (B4.48) 


where F — support load, Ib 
R,, = mean radius of pipe, in 
L — contact length, in 
t = pipe wall thickness, in 


2. For point contact. œ, and g; are negligible compared to o; + 0%: 


0.4F 
n= (B4.49) 
, 24F 

n= (B4.50) 


3. In the case of contact stress, the minimum nominal general pipe stress (i.e., the 
unintensified general pipe stress) may be used in Eqs. (B4.36) to (B4.39) to 
calculate the total pipe stress. In addition, the stress check on limit loading is 
not required. 


Other Types of Local Stresses 


The two types of local stresses previously described are commonly encountered by 
stress analysts. Detailed descriptions and analysis methods for other types of local 
stresses such as the local stresses at integral welded attachments to pipe (e.g., lugs 
and trunnions) can be found in technical publications, Welding Research Council 
Bulletins 107 and 198, and ASME Code Cases.”!-? 


ANALYSIS OF INTEGRAL WELDED 
ATTACHMENTS (IWA) 


Integral Welded Attachments are often used to support piping systems. The local 
stresses in the piping at IWA locations are commonly evaluated using the Welding 
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Research Council (WRC) Bulletin #107 approach,” which is based on Bijlaard’s 
work. Generally, the various methods for local stress evaluations can be categorized 
in accordance with the following list. (Friction-induced loads due to weight and 
thermal expansion, if applicable, should be included.) 


1. Stress intensification factor (SIF) approach for certain configurations 


2. WRC Bulletin #107 approach with limitation on £ (attachment parameter) and 
y (shell parameter) parameters 


3. ASME Code cases approach 


4. Approach based on utilization of any available finite element analysis (FEA) 
results or published data 


5. Rigorous FEA approach 


SIF Approach 
In this method, the local stresses are not evaluated directly but are indirectly 
accounted for by applying a SIF to the general piping stresses. 

The SIF approach has the following limitations: 


* Applicable to some specific IWA configurations only 
* Not applicable to lugs, irregular shapes, and so forth 


The SIF approach is applicable in the following situations: 


360° (full) wrapper plates. This configuration is no longer a local stress problem. 
A SIF (i) of 2.1 or 1.3 can be applied, depending on the applicable code. 


* 180° wrapper plates. The following SIFs are recommended by Rodabaugh (see 
Fig. B4.5e): 


i = 42 for the run pipe torsional moment (M,,) component 
i = 2.1 for the run pipe out-of-plane bending moment (M) component 
i = 1.3 for the run pipe in-plane bending moment (Mi) component 


* Circular trunnion/stanchions on straight pipe. Consider the configuration as a 


Ma, 


Mi, 
FIGURE B4.5e 180° wrapper plate (TWA). 
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reinforced tee (RTEE) and intensify the general piping stresses using a SIF (i) 
of RTEE per the applicable code requirements. Since there is no hole made in 
the pipe's pressure boundary, the run pipe thickness can be considered as a 
reinforcement. If there is a pad, the pad thickness can be considered as an 
additional reinforcement. Of course, the codes limit the effective thickness of 
reinforcement [(t,)max = 1.5 X t]. 


* Attachments on fittings. Cross multiplication of SIFs (for example, a round at- 
tachment on elbow or on a tee) can be used (elbow SIF x RTEE SIF or TEE 
SIF x RTEE SIF). 


WRC Bulletin #107 Approach 


This is based on the analytical work performed by Professor P. P. Bijlaard of Cornell 
University and subsequently generated experimental data. The results are presented 
in WRC Bulletin #107 (WRC-107) as nondimensional curves based on B and y 
parameters for three different types of loading. The local stresses can be evaluated 
by hand by filling out the computation sheets for local stresses as given in the WRC- 
107 bulletin or utilization of commercially available computer program software 
which has stored the nondimensional curves as digitized data. The WRC-107 method 
generally yields conservative results. The following additional information relates 
to this approach: 


* Basis. Bijlaard's approach is based on shell theory and some simplifications for 
radial load (P), longitudinal moment (M,), and circumferential moment (Mo). 

* Strength-of-materials formulas. Simple strength-of-materials formulas are used 
to compute shear stresses due to longitudinal shear load (V;), circumferential 
shear load (Vc), and torsional moment (Mr) loadings. 

¢ Shell and attachment parameters and loadings. ‘The shell, attachment parameters, 
and loadings are as follows (see Figs. B4.5f and B4.5g): 


shell parameter y = D,/(2T) where D, = D, — T 


FIGURE B4.5f. IWA notations. 
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y HE WD 


FIGURE B4.5g IWA notations (continued). 


attachment parameter (3): 
For circular attachment 8 = 0.875 (d,/D,,) 


For square or rectangular attachment 
Bi 
B. 


Caution: WRC-107 uses C, and C, to represent one-half of the attachment dimen- 
sions in circumferential and longitudinal directions, while here C, and C, are used 
for the full attachment dimensions. 


Cil Dm 


Cl Dm 


* Limitations. The WRC Bulletin #107 approach has the following limitations: 
0.01 « 8 x 0.5 
5x yx 300 
V4 x f/f = 4 for M, 
V4 x B,/B, = 4 for M, 


* Shear stresses. The formulas for shear stress calculations are as follows: 


Square/rectangular IWA Circular IWA 


T= V,/(2GT) c = 2V,/(zd,T) 


= Vd (CT) T = 2V¢l(md,T) 


T= MjF* T = 4M [21(d PT] 
(see Ref. 22) 


T ([Cmax + Cmin](Cmin/2)}; or 


F = larger of { * 
[1.57 + 0.093 (Cmax / Cuin)] (Cuin) (Cmax)/8} 


where Cmax = maximum of C; and C; 
Cain = minimum of C, and C; 


* Attachments on elbows. To evaluate local stresses in elbows with attachments, 
the following approach can be utilized. Attachment loads (P', M;, Mc) can be 
resolved at the elbow/attachment interface to components P, Vi, Mo Mr Mi. 
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P2P'SinO ; V, = P’Cosé 

M, *M' 

Mc = Mc’ Sin@ ; My; = Mc'Cos8 

Where; Cos 6 = R/(R +r.) ; R = radius of Elbow; 


Tg = Outside radius of Pipe 
FIGURE B4.5h IWA on elbow. 


An equivalent straight pipe with the attachment and resolved loads can be con- 
sidered in local stress evaluation using WRC-107 (see Fig. B4.5/). 


Approach Based on ASME Code Cases 


The Welding Research Council (WRC) Bulletin #198” fitted equations with some 
inherent conservatism to curves of WRC Bulletin #107. The results are published 
as ASME Code cases. Interested readers can refer to the ASME Code cases listed 
in the following table? for details and limitations of their applicability. Generally 
speaking, the local stress results from Code cases are more conservative than WRC 
Bulletin #107 results. 


ASME Code ASME Code 
Class 1 Classes 2 and 3 


Rectangular attachments Code Case # N-122 Code Case # N-318 
(1745) 


Hollow circular attachments Code Case # N-391 Code Case # N-392 
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Approach Based on Available FEA Results 


For some commonly utilized configurations and sizes, FEA was performed and the 
results were compared with WRC-107 results. Reduction factors are supplied rela- 
tive to WRC-107 results. See Ref. 24. 

Based on extensive finite element analysis studies of certain sizes, shapes, and 
configurations of attachments, the factors in the following tables are generated. 
The P, M;, Mc loads can be reduced by dividing them with the applicable factors, 
and then the WRC-107 approach can be used. The y value should be limited to 
the following range: 3.5 = y = 31.5. 


Factors for Attachments on Straight Pipe 


P Mi, Mc 


On + Op On + Op On + Op 


Small attachments 1.28 1.36 1.21 


B<05 e 2.25 1.42 1.46 
132 
R 1.46 1.36 139 


R (Note 1) 1.46 1.36 


Large attachments R 1.50 2.02 
0.5<B = 0.7 C 1.99 1.35 
Note 2 


Large attachments 
B> 0.7 
Note 2 


Large attachments 


B > 0.7 and extending 
180° circumferentially 


Note 2 


Notes: 1. Factors for rectangular attachments when 3.5 = y < 5 and B = 0.5. 
2. Apply these factors to the loads when actual (8 > 0.5 and evaluate the local stress based on 
WRC-107 utilizing artificially reduced attachment size to correspond to B = 0.5. 
Notation: S: square attachments 


R: rectangular attachments 

C: circular attachments 

On: membrane stress 

o: bending stress 

P: radial load 

M;: longitudinal moment 

Mc: circumferential moment 
See ASME paper listed in Ref. 24. 
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Factors for Circular Attachments on Long-Radius Elbows 


M, Mc 


On + Op On + Op 


0.5 < d,/D, = 0.8 2.66 2.87 


08 <d,/D, =1 3.53 4.37 


Notes: Apply these factors to the loads (divide the loads by these factors) and perform WRC-107 
evaluation using attachment size reduced to correspond to B = 0.5. 
Notation: d,: outside diameter of circular attachment 


D,: outside diameter of pipe 
See ASME paper listed in Ref. 24. 


Rigorous FEA Approach 


For this approach, a 3-D finite-element model of the shell and attachment has to 
be built. A portion of the pipe, attachment, and pipe/attachment interface can be 
modeled and loadings applied. FEA analysis can be performed and the local stresses 
can be evaluated. 

Although cumbersome and time-consuming, FEA is becoming a viable option 
due to the availability of commercial FEA software which can run on personal 
computer platforms. Personal computers have become very powerful tools. 


SES 


FIGURE B4.5i Wye connection. 
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TYPES OF PIPE LOADING CONDITIONS 


1. Types of loads. As previously mentioned in the subsection “‘Classification of 
Loads," piping loads are classified into three types: sustained loads, occasional 
loads, and expansion loads. These three types of loads and the corresponding 
analysis will be discussed in this section in detail. 


2. Method of analysis. The piping stress analysis to be performed could be a 
simplified analysis or a computerized analysis. The choice of the proper analysis 
depends on the pipe size and the piping code. For small (nominal diameter 2 in 
and under) pipe except nuclear Class 1 pipe, a cookbook-type, simplified analysis 
could be performed. For nuclear Class 1 piping, since the requirements are 
more stringent, a computerized analysis is required. A detailed description of a 
cookbook-type, simplified analysis and a brief description of a computerized 
analysis are given in the section that follows, “Methods of Analysis." Generally, 
before computerized analysis is performed, pipe supports may be located using 
the cookbook method. 


Sustained Load: Pressure 


Internal pressure in piping usually induces stresses in the pipe wall rather than 
loads on the pipe supports. This is because pressure forces are balanced by tension 
in the pipe wall, resulting in zero pipe support loadings. A discussion of unbalanced 
forces in the pipe created by pressure waves during fluid transients is given in the 
subsection “Dynamic Loads." 


Pressure Stress. The longitudinal stress developed in the pipe due to internal 
pressure can be calculated as follows: 


PERIE 
Ce ag 

or " 
s A” <<) (B4.51) 
ee Dd Ae ^ 


where S;p = longitudinal stress, psi 
P — internal design pressure, psig 
D = outside diameter, in 
d — inside diameter, in 
A; = flow area, in? 
A,, = metal area, in? 
t = pipe wall thickness, in 


The second equation gives pressure stress in terms of the ratio of pipe flow area 
to metal area. It also provides a more accurate result. Both equations are acceptable 
to the code. 


Expansion Joint. In piping design, elbows, bends, and pipe expansion loops nor- 
mally provide adequate flexibility for piping thermal expansion and contraction. 
However, in some cases this flexibility may not be adequate. As a solution, expansion 
joints may be used to absorb the expansion and contraction of pipe. 
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In general, expansion joints are used for the following applications: 


1. Where thermal movements would induce excessive stress in normal piping ar- 
rangements 


2. Where space is inadequate 

3. Where reactions transmitted by pipe supports or anchors create large loads on 
supporting structures 

4. Where reactions to equipment terminals are in excess of allowables 


When expansion joints are used in piping, the pressure forces can no longer be 
balanced by tension in the pipe wall, and the pressure forces will be resisted by 
pipe supports and anchors. 

There are many types of expansion joints available, ranging from a piece of 
rubber hose to metal bellows. The metal bellows expansion joint is most commonly 
used for power or process piping. Figure B4.6 shows the various components of a 
bellows expansion joint. 


Pitch 
Convolution b 
Convolution 
7 y Depth 


Mean 
Diameter 
Crès! Root Tangent 
FORMED BELLOWS FABRICATED BELLOWS 
I RIN AAA 
Semi-toroidal 
(elliptical) Flat (conical) 
UU 
U-shaped Stepped 
OUa | AAA 
Rounded or S-shaped Single Sweep 
ORIG): PVP? 
Toroidal (circular) Nested Ripple 


FIGURE B4.6 Bellows expansion joints. 


STRESS ANALYSIS OF PIPING SYSTEMS B.159 


Expansion joints do not have the capability to transmit large pressure forces. 
Restraints are usually installed on both sides of the expansion joint to prevent the 
pressure force from pulling the joint apart. The pressure force developed in the 
expansion joint is equal to the internal pressure times the maximum cross-sectional 
area over which it is applied. Since an expansion joint increases the flexibility of a 
piping system, the flexibility (spring rate) of the expansion joint should be incorpo- 
rated in the piping stress analysis. Typical axial spring rates of bellows can be found 
in Ref. 25. 


Sustained Load: Weight 


The total design weight load of pipe supports includes the weight of the pipe, 
fittings, insulation, fluid in pipe, piping components such as valves, valve operators, 
flanges, and so on, and the supports themselves. Supports should be located as 
specified in Chap. B5. 


Hydrotest and Other Occasional Loadings. To assure the integrity and leak tight- 
ness of a piping system designed to Section III of ASME Boiler and Pressure Vessel 
Code or ASME B31.1, the codes require that a pressure test be performed prior 
to placing the system in service. The most commonly used test is the hydrostatic 
test. When a steam or gas piping system is to be hydrotested, the effects of the weight 
of the water on the system and its supports must be considered. A hydroweight stress 
analysis should be performed to assure that the pipe supports, which have been 
designed for the normal operating condition, are able to withstand the hydrotest 
loads. If permanent supports cannot withstand these hydrotest loads, temporary 
supports may be added. Spring supports are available with hydrostatic test stops, 
which, in effect, transform the units into rigid supports. 

Whether or not required by code, other conditions, such as the added weight 
of a cleaning medium of density greater than that of the process fluid, must be 
considered in a manner similar to that discussed above. Both dynamic and static 
loading analyses may be impacted by flushing and blowing-out activities during 
construction or after major rework. 


Thermal Expansion Loads 


For weight analysis, the more pipe supports installed, the lower the stress developed 
in the pipe. However, the opposite is true for the case of piping thermal expansion. 
When thermal expansion of the piping due to fluid or environmental temperature is 
restrained at supports, anchors, equipment nozzles, and penetrations, large thermal 
stresses and loads are caused. 


Thermal Modes. Piping systems are generally analyzed for one thermal condition 
or mode, that is, the maximum operating temperature. However, piping systems 
that have more than one operating mode with different operating temperatures 
concurrently in different parts of the piping system should be analyzed for these 
operating thermal modes. 

With the aid of system flow diagrams or piping and instrumentation drawings 
(P&ID), the stress analyst can determine the thermal modes required for a particular 
piping system. For B31.1 piping and ASME Class 2 and 3 piping, the required 
thermal modes can be determined by using good engineering judgment in selecting 
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the most severe thermal conditions. For ASME Class 1 piping, the required thermal 
modes can be determined by examining the load histograms specified in the de- 
sign specification. 


Free Thermal Analysis. During the initial stage of piping analysis, an unrestrained 
(i.e., no intermediate pipe supports) or free thermal analysis may be performed. 
This analysis is performed for the worst thermal mode and includes only terminal 
points such as penetrations, anchors, and equipment nozzles. The result of this free 
thermal analysis usually gives useful information, which can be utilized by the stress 
analyst in the later stages of the piping analysis. Generally, a resulting thermal 
expansion stress « 10 ksi (68,948 kPa) means adequate flexibility exists in the piping 
system. The piping locations with low resulting thermal displacements would be 
good locations where rigid supports may be installed without adversely affecting 
the flexibility of the piping system. The resulting equipment nozzle loads could be 
used to evaluate the capabilities of the equipment for meeting the equipment 
manufacturer's nozzle allowables. 


Imposed Thermal Movements. Thermal expansion of equipment causes displace- 
ments in the attached piping. Thermal stresses may also be caused due to thermal 
anchor movements at terminal ends and intermediate restraints. Therefore, appro- 
priate thermal analysis for thermal anchor movements relating to the respective 
thermal modes should also be performed. Sometimes, it is possible for thermal 
anchor movements to exist when the piping is cold. In such cases, analysis in the 
cold condition, with only the thermal anchor movements as input, may be required. 


LOCA Thermal Analysis. In nuclear power plants, following a loss-of-coolant 
accident (LOCA), the containment (the building structure designed to contain 
fission products) expands due to the rise in temperature and pressure inside the 
containment. This containment thermal growth results in large containment penetra- 
tion anchor movements which affect the connected piping. It is not required to 
qualify the piping for this faulted condition. Thermal analysis for these LOCA 
anchor movements is used only for the evaluation of flanges, equipment nozzle 
loads, and pipe support loads. 


Temperature Decay. For piping systems having a portion of the system with 
stagnant branch lines (dead legs) as shown in Fig. B4.7, it is necessary to consider 


run pipe 


temperature drop 
along branch pipe 


FIGURE B4.7 Temperature decay at dead leg. 
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the temperature decay in the piping. One simple approach to this temperature 
attenuation problem is as follows: 


1. For a piping system with water, the temperature of the branch pipe is assumed 
to be the same as the run pipe up to a length equivalent to 10 times the inside 
pipe diameter. The remaining portion of the branch pipe may be considered at 
ambient temperature. 


2. For a piping system with steam or gas, the temperature of the branch pipe is 
considered the same as the run pipe up to the closed valve. 


For cases such as thermal transient analysis of ASME Class 1 piping, where a more 
accurate temperature profile along the branch pipe may be required, the approach 
described in Ref. 26 should be used. 


Stress Ranges. The thermal stresses developed in the pipe are in fact "stress 
ranges," that is, the difference between the unit thermal expansion for the highest 
operating temperature and for the lowest operating temperature. 

For piping systems that do not experience temperatures below ambient tempera- 
ture, the stress range is the difference between the unit expansion for the maximum 
thermal mode and that for 70°F (21°C). (See later subsection “Seismic Anchor 
Movement and Building Settlement Analysis.) 

For systems with supply from a pool or river which might go below 70°F (21°C) 
in the winter, negative coefficients of expansion should be considered in evaluating 
the stress range. 


Occasional Loads: Seismic 


The code of Federal Regulation 10CFR Part 50 requires that safety-related piping 
in nuclear power plants be designed to withstand seismic loadings without loss of 
capability to perform their function." For nonnuclear piping in regions of high 
seismic activity, this design requirement should also be considered. 


OBE and SSE. Nuclear piping systems and components classified as Seismic 
Category I are designed to withstand two levels of site-dependent hypothetical 
earthquakes: the safe-shutdown earthquake (SSE) and the operational-basis earth- 
quake (OBE).” 

For conservatism, the OBE must usually be equal to at least one-half of the 
SSE. Their magnitudes are expressed in terms of the gravitational acceleration g. 
Their motions are assumed to occur in three orthogonal directions: one vertical 
and two horizontal. 

Seismic Category I systems are defined as those necessary to assure: 


1. The integrity of the reactor coolant pressure boundary 

2. The capability to shut down the reactor and maintain it in a safe shutdown con- 
dition 

3. The capability to prevent or mitigate potential off-site radiation exposure 

Types of Seismic Analysis. Generally, piping seismic analysis is performed through 


one of three methods: time-history analysis, modal response spectrum analysis, or 
static analysis. 


B.162 GENERIC DESIGN CONSIDERATIONS 


The equation of motion for a piping system subjected to an externally applied 
loading (seismic excitation) may be expressed as 


M&X-CX-4Kx-f (B4.52) 


where M = mass matrix of system 
C — damping matrix 
stiffness matrix 
acceleration vector 
velocity vector 
displacement vector 
— external loading vector, function of time 
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This equation could be solved by time-history analysis. 

Time-History Analysis. Time-history analysis is based on hypothetical earth- 
quake data in the form of ground displacement, velocity, or acceleration versus 
time. The piping system is represented by lumped masses connected by massless 
elastic members. The analysis is performed on this mathematical model by the 
direct numerical integration method.”* At each time step, the piping stresses, 
displacements, and restraint loads are calculated. Time history simulates the behav- 
ior of the piping system during the seismic excitation. The main advantage of time- 
history analysis is that analytically it is more accurate and less conservative compared 
to other approaches. The main disadvantages of time-history analysis are the exces- 
sive computational time required and the difficulty of obtaining a realistic earth- 
quake input time function. 

Modal Response Spectrum Analysis. The seismic response spectrum is a plot 
of the maximum acceleration response of a number of idealized single-degree-of- 
freedom oscillators attached to the floor (structure) with certain damping. 

These response spectra are based on design response spectra and specified 
maximum ground accelerations of the plant site. Usually, a series of curves with 
different damping values for operating and design basis earthquakes for each orthog- 
onal direction are generated, as shown in Fig. B4.8. 

In the modal response spectrum analysis, the piping system is idealized as lumped 
masses connected by massless elastic members. The lumped masses are carefully 
located to adequately represent the dynamic properties of the piping system. 

After the stiffness and mass matrix of the mathematical model are calculated, 
the natural frequencies of the piping system and corresponding mode shapes for 
all significant modes of vibration are also determined using the following equation: 


(K -W;M)$, =0 (B4.53) 


where K = stiffness matrix 


W, — natural circular frequency for the nth mode 
M = mass matrix 
$, = mode shape matrix for the nth mode 


The modal spectral acceleration taken from the appropriate response spectrum is 
then used to find the maximum response of each mode: 


$1 M DSa, 


(Y, )max = w2 M, 


(B4.54) 
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FIGURE B4.8 Response spectrum curves. 


where Sa, = spectral acceleration value for the nth mode 
D = earthquake direction coefficient 
$; = transpose of the nth mode shape 
M, = generalized mass of the nth mode 
Y, = generalized coordinate for the nth mode 


Using the maximum generalized coordinate for each mode, the maximum displace- 
ments, the effective inertia forces, the effective acceleration, and the internal forces 
and moments associated with each mode are calculated as follows: 


Xn = Pn QO n) max 

F, = KX, 

ad, = M7'F, 

Ly = bF, (B4.55) 


where X, = displacement matrix due to nth mode 
F, = effective inertia force matrix due to nth mode 
effective acceleration matrix due to nth mode 
M^! = the inverse of mass matrix 
L, — internal force and moment matrix due to nth mode 
b — force transformation matrix 


A 
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These modal components are then combined by the appropriate method (see later 
subsection “Methods for Combining System Responses") to obtain the total dis- 
placements, accelerations, forces, and moments for each point in the piping system. 
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Two types of response spectrum analyses can be performed depending on the 
pipe routing and attachments to buildings and structures. 

Single-Response Spectrum Analysis. This type of analysis is performed using 
an enveloped response spectrum curve that covers all buildings and elevations to 
which the piping system is attached. 

Multiple-Response Spectrum Analysis. This type of analysis is used where the 
piping is attached to various buildings or structures that have a wide variation in 
the amplitude or frequency of accelerations. In such cases, various response spectra 
curves may be applied at corresponding support and anchor points in the piping 
system.? 

Static Analysis. Static analysis may be used to evaluate power piping or some 
piping systems in nuclear power plants. It is performed by analyzing a piping system 
for the statically applied uniform load equivalent to the site-dependent earthquake 
accelerations in each of the three orthogonal directions. All rigid restraints and 
snubbers supporting the pipe in the direction of the earthquake acceleration are 
included in the analysis. The total seismic effect is obtained by combining the results 
of the three directions. 

The minimum earthquake force for structures described in ANSI A58.1? is also 
one form of static seismic analysis. The code recommends that a lateral seismic 
force will be assumed to act nonconcurrently in the direction of each of the main 
axes of the structure in accordance with the formula: 


V — ZIKCSW (B4.56) 


where V = lateral seismic force, Ib 
Z — numerical coefficient, dependent upon the earthquake zone (see Fig. 
B4.9), 0.1 for Zone 0, 0.25 for Zone 1, 0.50 for Zone 2, and 1.00 for 
Zone 3 
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FIGURE B4.9 Map for seismic zones, contiguous 48 states. (ANSI A58.1, 1982. Courtesy of ANSI.) 
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TABLE B4.7 Dampling Values (Percent of Critical Damping) 


Operating-basis 
earthquake or 1⁄2 


safe-shutdown Safe-shutdown 
Structure or component earthquake earthquake 

Equipment and large-diameter piping systems, pipe 2 3 

diameter greater than 12 in 
Small-diameter piping systems, diameter equal to or 1 2 

less than 12 in 
Welded steel structures 2 4 
Bolted steel structures 4 7 
Prestressed concrete structures 2 5 
Reinforced concrete structures 4 7 


Source: U.S. Nuclear Regulatory Commission. Regulatory Guide 1.61. 


I = occupancy importance factor, usually between 1.0 and 1.5 

K = horizontal force factor, dependent upon the arrangement of lateral 
force-resisting elements, usually between 0.67 and 2.50 

C = 1/(15T"”) but not to exceed 0.12 

T — fundamental period of structure, s 

S — soil factor, dependent upon the soil profile type, usually between 1.0 
and 1.5 

W = total dead weight of structure, lb 


Damping. Damping is the phenomenon of dissipation of energy in a vibrating 
system. Each damping value expressed as a percentage of the critical damping is 
represented in the seismic response spectrum by a separate curve. The higher the 
damping value, the lower would be the effects of the seismic excitation. The damping 
values to be used for different levels of the earthquake are given by the NRC (U.S. 
Nuclear Regulatory Commission) Regulatory Guide 1.61," as shown in Table B4.7. 

When a system has both categories of pipe sizes mentioned in the table, dual 
damping values should be considered in the analysis. 

Alternative damping values for response spectrum analysis of ASME Classes 1, 
2, and 3 piping are given in ASME Code Case N-411-1,7* as shown in Fig. B4.10. 
These damping values are applicable to both OBE and SSE. They are also indepen- 
dent of pipe size. As can be seen from Fig. B4.10, the damping values of Code 
Case N-411-1 are generally higher than the damping values given in Regulatory 
Guide 1.61. The industry has been applying these higher damping values to existing 
piping systems to reduce the number of snubbers installed in the plants in order 
to save snubber maintenance cost. The use of Code Case N-411-1 is acceptable to 
the NRC subject to the conditions described in the NRC Regulatory Guide 1.84.? 


Mass Point Spacing. In a seismic analysis, the piping is represented by lumped 
masses connected by massless elastic members. The locations of these lumped 
masses are referred to as the mass points. In order to accurately represent the 
piping, the mass points on straight runs of pipe should be no farther apart than a 
length of pipe which would have a fundamental frequency of 33 Hz (see the later 
subsection **Cookbook-Type Analysis"). Mass points should also be located at all 
supports, concentrated weights such as valves, valve operators, flanges, and strainers, 
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FIGURE B4.10 Code Case N-411 damping values. (ASME 
B & PV Code, Case N-411-1, February 1989. Courtesy of 
ASME.) 


and at the end of cantilevered vents and drains. At least two mass points should 
be placed between supports in the same direction.* 


Cutoff Frequency, Rigid Range, Zero Period Acceleration, and Missing-Mass 
Effect. Generally, the piping response spectrum analysis is terminated at a fre- 
quency called the cutoff frequency. The cutoff frequency is usually specified as the 
frequency beyond which the spectral acceleration remains constant, and this con- 
stant spectral acceleration is known as the zero period acceleration (ZPA) (see 
Fig. B4.8). 

Supposing a piping system is so designed and supported that the first mode is 
higher than the cutoff frequency; then as far as the computer program is concerned, 
this piping system does not receive seismic excitation at all. Consequently, the result 
of this seismic analysis is invalid because of the artificial constraint specified by the 
stress analyst. 

This phenomenon, known as the missing-mass effect, "^ could also occur in the 
following cases: 


1. On pipe runs with axial restraint (support, anchor, or nozzle) where the longitudi- 
nal frequency could be higher than the cutoff frequency 


2. Concentrated masses in a piping system supported in such a manner that the 
frequency of that portion of piping is high 


Most of the computer programs normally used for piping stress analysis have the 
capability to evaluate the missing-mass effect. These programs usually utilize the 
acceleration from the spectrum at the cutoff frequency (ZPA) to calculate the 
missing-mass effect. 
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Methods for Combining System Responses. In general, there are two approaches 
for the combination of system responses. One approach, the absolute sum method 
(ABS), adds the peak system responses. The second approach, square root-sum- 
of-squares method (SRSS), gives a combined response equal to the square root of 
the sum of the squares of the peak responses. The SRSS method is preferred over 
the ABS method because not all the peak responses occur simultaneously. 

In a response spectrum modal analysis, if the modes are not closely spaced (two 
consecutive modes are defined as closely spaced if their frequencies differ from 
each other by less than 10 percent of the lower frequency), responses could be 
combined by taking the SRSS method. For closely spaced modes, the NRC suggests 
that the method of combining the responses by the SRSS method may not be 
conservative. An acceptable method of grouping the closely spaced modes of vibra- 
tion and combining the responses is described in the NRC Regulatory Guide 1.92.44 


Seismic Anchor Movement and Building Settlement Analysis 


A piping system, supported from two seismically independent structures that move 
out of phase during a seismic event, will experience stresses due to the differential 
displacement of the supports. 

Buried pipe could be considered as supported by the soil. A differential move- 
ment during a seismic event between the soil and the building to which the pipe 
is routed could also cause stresses in the pipe. 

Similarly, the differential settlements between two structures or between a build- 
ing and the adjacent soil will induce stresses in piping which is routed between them. 


Seismic Anchor Movement (SAM) Analysis. A seismic anchor movement analysis 
is required on a piping system where: 


1. The piping is supported from two seismically independent structures, or 


2. The piping is attached to large equipment having its own modes of vibration 
(e.g., steam generator, pressurizer, reactor vessel, or reactor coolant pump). 


SAM analysis is performed by applying the corresponding seismic displacements 
of the building and structures at the pipe support and anchor locations. It is usually 
analyzed by a static method. However, dynamic supports such as snubbers and rigids 
(including anchors and nozzles) will be active while spring supports remain passive. 

SAM displacements from the same building or structure are generally in phase, 
while those from different buildings or structures are considered out of phase. 

When a terminal end of a piping system being analyzed is at a large pipe, 
the seismic movements from the large pipe analysis should be applied as a SAM 
displacement in the analysis. 

The code allows the consideration of the stress due to SAM as either primary 
stress [see Eq. (B4.10)] or secondary stress [see Eq. (B4.11)]. However, it will 
usually be evaluated as secondary stress. Since the stress due to SAM is a cyclic 
type of stress, it should be combined with other cyclic-type secondary stresses such 
as thermal expansion stresses. 

The total secondary stress range should include the thermal and SAM stress 
range. If the SAM stress is less than the thermal stress range, the effective secondary 
stress range is the sum of the SAM stress and the thermal stress range, as shown 
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FIGURE B4.11 Effective secondary stress range. 


in Fig. B4.11a. If the SAM stress is higher than the thermal stress range, the effective 
secondary stress range then equals twice the SAM stress, as shown in Fig. B4.11b. 


Building Settlement Analysis. ASME Boiler and Pressure Vessel Code Section 
III requires that the stresses due to building settlement be evaluated and be consid- 
ered as secondary stresses. However, the stress due to building settlement is a 
one-time (single nonrepeated) anchor movement. Therefore, it is not required to 
combine it with other stresses. From Subsection NC-3653.2(b) of the code, the 
effects of any single nonrepeated anchor movement shall meet Eq. (B4.13). 
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Dynamic Loads 


The dynamic loads discussed herein are limited to occasional loads (other than 
seismic loads) frequently encountered in piping stress analysis. 


Safety Relief Valve Discharge Analysis. Safety-relief valves are installed for the 
purpose of protecting the fluid system from accidental overpressure, or venting the 
fluid generated in excess of requirement. 

The general requirements pertaining to the design of the pressure relief discharge 
piping are provided in Appendix II of ASME B31.1, Subsections NC-3677 and NB- 
3677 of the ASME Code for different pipe classes. 

There are two types of pressure relief valve discharge, namely, open discharge 
and closed discharge, as shown in the figures of Chap. B3. 

Open Discharge. A typical open discharge is the transient due to discharging 
of steam from a steam line to the atmosphere through relief valves or safety valves. 
When the steam line pressure reaches the valve set point, the valve opens and 
decompression waves will travel both upstream and downstream of the valve. This 
flow transient sets up pressure imbalances along each pipe segment (a straight run of 
pipe bounded by elbows). The transient forces can be calculated by a computerized 
method as described in the later subsection “Steam Hammer-Water Hammer 
Analysis," while the reaction force at the valve exit due to steady-state flow is 
determined relatively easily. 

Closed Discharge. In a closed-discharge system, the fluid is transmitted to its 
terminal receiver through continuous discharge piping. A typical closed discharge 
is the transient induced by a sudden opening of the relief and safety valves located 
on top of the pressurizer in a power plant. A water seal, which is maintained 
upstream of each valve to minimize leakage, driven by this high discharge pressure, 
generates a transient thrust force at each pipe segment. The water seal is discharged 
ahead of the steam as the valve disk lifts. For discharge piping with a water seal, 
only the first cycle of each event has a transient force based on water in the seal. 
The remaining cycles would be based on steam occupying the seal piping, and the 
transient forces would be reduced in magnitude. 

Static Analysis. The static method of open discharge described in Appendix 
II of ASME B31.1 can be summarized as follows: 


1. The reaction force F due to steady-state flow following the opening of the valve 
may be computed by 


WV 
F =— +(P—P,)A (B4.57) 
g 


where F = reaction force at exit, lbf 

W = mass flow rate, lbm/s 

V = exit velocity, ft/s 

g = gravitational constant 

= 322 Ibm - ft/lbf - s? 

P — static pressure at exit, psia 
P, — atmospheric pressure, psia 
A = exit area, in? 


2. The dynamic load factor (DLF) is used to account for the increased load caused 
by the sudden application of the discharge load. The DLF value will range 
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between 1.1 and 2.0, depending on the time history of the applied load and the 
natural frequency of the piping.? If the run pipe is rigidly supported and the 
applied load could be assumed to be a single ramp function, the DLF may be 
determined in the following manner: 


a. Calculate the safety valve installation period T: 


M 


T — 0.1846 (= (B4.58) 
EI 


where T = safety valve installation period, s 
W = weight of safety valve, installation piping, flanges, attachments, 
etc., lb 
h = distance from run pipe to centerline of outlet piping, in 
E = Young’s modulus of inlet pipe, psi, at design temperature 
I = moment of inertia of inlet pipe, int 


b. Calculate the ratio t,/T where t, is the time the safety valve takes to go from 
fully closed to fully open (seconds). 
c. For the ratio t,/T, determine the DLF from data given in Appendix II of 
ASME B31.1, as shown in Fig. B4.12. 
3. The moment due to valve reaction force is calculated by simply multiplying the 


force times the distance from the point in the piping system being analyzed, 
times a suitable DLF. The stress is then calculated accordingly. 


DLF 


Ratio of valve opening time to period of vibration t,/T 


FIGURE B4.12 Hypothetical dynamic load factor (DLF). 
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Dynamic Analysis. The reaction force effects are dynamic in nature. A time- 
history dynamic analysis of the discharge piping is considered to be more accurate. 
Furthermore, closed-discharge systems do not easily lend themselves to simplified 
analysis techniques. A time-history analysis (such as the one described in the follow- 
ing subsection) is required to achieve realistic results. 


Steam Hammer-Water Hammer Analysis. The steam hammer-water hammer 
event is often initiated by intentional actuation of certain flow control devices (main 
steam stop valve closure, feedwater pump trip, etc.), but in other cases a transient 
event could be introduced unintentionally as the result of some unforeseen operating 
condition, component malfunction, or accident (e.g., feedwater line check valve 
slam following a pipe break upstream of the check valve).^* While these events 
may produce very complex transient fluid flow, the pipe stress analyst is interested in 
just the unbalanced force along the pipe segment tending to induce piping vibration. 

Calculation of Unbalanced Forces. These time-history unbalanced forces are 
usually generated through a two-step computerized calculation. The fluid system 
is modeled as an assemblage of control volumes (e.g., piping volumes or steam 
generator) interconnected by junctions (e.g., valves, pump, or break). Piping fluid 
flow data, such as flow area, friction losses, valve closing-opening time, feed pump 
characteristics, or break characteristics, together with fluid initial conditions (flow 
rate, pressure, temperature, and mixture quality) are supplied as input to a thermal 
hydraulic finite difference computer program." 

Using this input information and a built-in steam table (fluid thermodynamic 
state), the first step solves the three equations of conservation (mass, momentum, 
and energy) at each time step for fluid properties such as pressure, velocity, internal 
energy, and mixture quality. A typical stop valve closure time history and its associ- 
ated dynamic pressure time history are shown in Fig. B4.13. The second step utilizes 
a postprocessor. This postprocessor then accepts the output information from the 
first step and computes the unbalanced forces in piping segments by applying the 
momentum theorem. 

Static Analysis. Static analysis is simple and saves computer time. It is used 
when the unbalanced forces are small and the total transient time is long. In the 
analysis, the peak values of the time-history fluid forcing functions at pipe segments 
are applied statically to the piping. The piping stress, deflections, and support- 
nozzle loads are then calculated by the computer program. 

To obtain a conservative result for the static analysis, care must be taken in 
applying a proper dynamic load factor to the unbalanced forces. 

Dynamic Analysis. The dynamic analysis generally utilizes either the direct 
step-by-step integration method (as described in the subsection “Pipe Break Analy- 
sis") or the modal-superposition method. In the dynamic analysis, the piping system 
is idealized as a mathematical model consisting of lumped masses connected by 
weightless elastic members. These lumped masses are carefully located to adequately 
represent the dynamic characteristics of the piping system. For computer programs 
utilizing the modal-superposition method, enough modes (or appropriate cutoff 
frequency) should be specified in the computer input such that the dynamic response 
of the piping system can be truly represented. There are no specific guidelines to 
damping values used in piping fluid transient dynamic analysis in the ASME Code 
or NRC published material. Therefore, it is recommended to use the OBE damping 
values prescribed in the NRC Regulatory Guide 1.61. Alternative damping values 
of Code Case N-411-1 are not applicable to the dynamic analysis. 

The time-history unbalanced forces are applied to all pipe segments. Snubbers 
and rigid supports are effective restraints for transient forces. However, axial sup- 
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FIGURE B4.13 Steam hammer flow transients. 


ports should be avoided in general. An axial support not only requires welded 
attachments on the pipe but also a pair of supports, which doubles the cost. To 
support the pipe axially, lateral supports can be used around the elbows. In addition, 
snubbers should not be located in the immediate vicinity of equipment nozzles. 
Snubbers located in such areas may not be activated during a fluid transient because 
of the dead band (built-in manufacturing tolerance) of the snubber hardware. 

Stress Allowables. For the steam hammer-water hammer (e.g., feed pump 
trip) event, the pipe stress from the analysis is combined with stresses due to 
pressure, deadweight, and OBE in meeting the upset stress allowable. For piping 
in the turbine building, OBE stress is not included in the stress combination. For 
some water hammer (e.g., check valve slam) events, the stress from the analysis is 
combined with stresses due to pressure and deadweight in meeting the faulted 
stress allowable. 


LOCA Analysis. LOCA (loss-of-coolant accident) is a postulated accident that 
results from the loss of reactor coolant, at a rate in excess of the capability of 
the reactor coolant makeup system, from breaks in the reactor coolant pressure 
boundary. Analyses should be performed by the nuclear steam supply system (NSSS) 
vendor to confirm the structural design adequacy of the reactor internals and reactor 
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coolant piping (unbroken loop) to withstand the loadings of the most severe LOCA 
in combination with SSE per the requirements of 10CFR Part 50, Appendix A,” 
and the NRC Standard Review Plan 3.9.2.” 

The integrity of the secondary system piping (main steam, feedwater, blowdown 
lines) off the steam generators also has to be assured by the architect-engineer 
(AE). Additional analyses to demonstrate the structural adequacy of some of the 
branch piping attached to the broken loop may be required by the NSSS vendor.* 
The information provided herein is limited to the secondary system piping off the 
steam generators. 

Static Analysis. If a substantial separation between the forcing frequencies 
of the LOCA loading and the natural frequencies of the piping system can be 
demonstrated, a static analysis may be performed. In the static analysis, the maxima 
of each of the LOCA displacement components (three deflections and three rota- 
tions) are separately applied to the junctions of the reactor coolant loop (RCL) 
and the secondary system piping. The results should be combined absolutely and 
multiplied by an appropriate dynamic load factor. 

Dynamic Analysis. The dynamic analysis can be performed in one of the 
following two ways: 

Time-History Analysis. The LOCA displacement time history is applied dynam- 
ically to the junctions of the RCL and the secondary system piping. The damping 
value prescribed in the NRC Regulatory Guide 1.61 for SSE is suggested for this 
dynamic LOCA analysis. The detailed analysis method is similar to that described 
in the following subsection “Pipe Break Analysis." ^? 

Response Spectrum Analysis. Compared to the time-history analysis, the re- 
sponse spectrum method is favorable for its low computer cost. However, this 
method may be unnecessarily conservative since the same loading has to be applied 
to the entire piping system. Because of the nature of the LOCA break and the 
impacting of the gapped RCL supports, the LOCA motion has much higher fre- 
quency content than the seismic excitation. The ZPA of a typical LOCA motion 
spectrum for a RCL junction is usually higher than that of a typical SSE response 
spectrum. Therefore, a higher cutoff frequency should be used in the analysis.” 

Stress Allowables. The resulting stress from the LOCA analysis for the second- 
ary piping system is combined with the stresses due to pressure, dead weight, and 
SSE in meeting the faulted stress allowables. 


Pipe Break Analysis. Although it is extremely improbable that a pipe break will 
occur as postulated, public safety and the NRC licensing requirements make it 
necessary that such events must be considered in the design of high-energy pip- 
ing systems. 

A high-energy piping system is a piping system that, during normal plant condi- 
tions, is maintained at a temperature > 200°F (93.3°C), or a pressure > 275 psig 
(1896.1 kPa). 

Pipe Break Locations. Pipe breaks are postulated in high-energy piping based 
on the primary plus secondary stresses and the cumulative usage factor. 


1. ASME Section III, Class 1 Pipe: Pipe breaks are postulated to occur at terminal 
ends (the extremities of piping connected to structures, components, or anchors) 
and at all intermediate locations where: 


a. The primary plus secondary stress intensity range, as calculated by Equation 
(10) of Subsection NB-3653 [i.e., Eq. (B4.4) of this chapter], exceeds 2.45, 
and either Equation (12) or (13) [i.e., Eq. (B4.5) of this chapter] exceeds 2.45,,. 


b. Cumulative usage factor exceeds 0.1. 
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2. ASME Section III, Class 2 and 3 Pipe: Pipe breaks are postulated to occur at 
terminal ends and at all intermediate locations where the primary plus secondary 
stresses, as calculated by the sum of Equations (9) and (10) of Subsection NC- 
3653 [i.e., Eqs. (B4.10) and (B4.11) of this chapter], exceed 0.8(1.25, + S4). 


3. Nonnuclear piping: If a rigorous analysis, including seismic loading condition, 
is done on a high-energy ASME B31.1 piping, the requirements of the Class 2 
and 3 piping mentioned above will apply. If no analysis is performed, breaks 
are postulated at the following locations: 


a. Terminal ends 
b. At all fittings, welded attachments, and valves 


The detailed pipe break design criteria and guidelines are given in the NRC 
Standard Review Plan No. 3.6.1 and 3.6.2?! * 

No-Break Zone. In the design of nuclear power plants, the region of piping 
in the containment building penetration areas between the isolation valves requires 
extra protection so that neither the leak-tight integrity of the containment nor the 
operability of the containment isolation valves is jeopardized. The extra protection 
consists of the following: 


1. Installing special whip restraints, called isolation restraints, to mitigate the effects 
of the postulated pipe breaks located beyond this region 


2. Keeping the primary plus secondary stresses and the cumulative usage factor 
below certain conservative values 


3. Holding the piping stress, the isolation valve acceleration, and the stress at the 
valve-pipe weld below specified limits during a postulated pipe break outside 
this region 

4. Special construction (welding) requirements and in-service inspection procedures 


Because of the stringent design requirements, no pipe breaks are assumed to occur 
in this region. This area of piping is often referred to as the no-break zone, the 
break exclusion region, or the superpipe area. 

No-Break Zone Piping Analysis. An analysis is required to determine the 
stresses in no-break zone piping and the accelerations of isolation valves due to a 
postulated break located beyond this region. During the pipe break event, a portion 
of the piping and the isolation restraints may enter the inelastic region because of 
the large pipe break loads imposed on the piping system. A static method, or 
the energy balance method, is acceptable but usually not used because necessary 
information on the no-break zone such as isolation valve acceleration is impossible 
to determine. Therefore, a nonlinear dynamic analysis utilizing the direct step-by- 
step integration method is necessary for the no-break zone analysis.” Computer 
programs based upon the direct integration method with linear elastic and nonlinear 
inelastic capabilities are often used for this type of analysis." 

In the analysis, the piping structural model is similar to that described in the 
subsection “Steam Hammer- Water Hammer Analysis." The nonlinear effects are 
accounted for by updating the system stiffness matrix at the end of each time step. 
The integration time step must be short enough to permit a reliable and stable 
solution. In addition, suitable system damping values should be used to obtain 
numerical stability. The time-history pipe break forcing function can be calculated 
by thermal-hydraulic computer programs as described in the subsection “Steam 
Hammer- Water Hammer Analysis," or obtained from the acceptable simplified 
method specified in Appendix B of ANSI/ANS 58.2.5 
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Wind Loads. The wind possesses kinetic energy by virtue of the velocity and mass 
of the moving air. If an obstacle is placed in the path of the wind so that the moving 
air is stopped or is deflected, then all or part of the kinetic energy of the wind is 
transformed into the potential energy of pressure. 

A piping system which is located outdoors is usually designed to withstand the 
maximum wind velocity expected during the system operating life. 

Dynamic Pressure. The intensity of wind pressure depends on the shape of 
the obstacle, the angle of incidence of the wind, and the velocity and density of 
the air. 

For standard air (density of the air = 0.07651 lb/ft’, temperature = 59°F), the 
expression for the wind dynamic pressure could be adapted from Bernoulli's equa- 
tion for fluid flow as follows: 


p = 0.00256V?C (B4.59) 


where p = dynamic pressure, lb/ft? 
V — basic wind speed, mi/h 
Cp = drag coefficient, dimensionless 


For the case of piping under wind loading, Eq. (B4.59) can be rewritten as 
F =0.000213V°CpD (B4.60) 


where F = linear dynamic pressure loading on projected pipe length, lb/ft 
D = pipe diameter, including insulation, in 


SCALE 1: a0 \000 ooo 


eur n PEL — LÀ 

= +4 Basic wind speed 70 mph liSpecial wind region 

fes \ i ` 
J70 Notes: 4. Values are íastest-mile speeds at 33 ft(I0m) above ground for exposure 
category C and are associetec with an annual probability of 002. 

2. Linear interpolation between wind speed contours is acceptable. 

3. Caution in the usa of wind speed contours In mountainous regions of 
Alaskais advisea. i 


FIGURE B4.14 Basic wind speed (miles per hour). (ANSI A58.1, 1982. Courtesy of ANSI.) 
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FIGURE B4.15 Drag coefficients for spheres and long cylinders. (Task Committee on Wind Forces, 
“Wind Forces.’ Courtesy of ASCE.) 


Basic Wind Speed. The basic wind speed V is the fastest wind speed at 33 ft 
above the ground in open terrain with scattered obstructions having heights less 
than 30 ft, as given in Fig. B4.14 for the United States.? The basic wind speed used 
for design shall be at least 70 mi/h. 

Drag Coefficient. The drag coefficient Cp is a function of the shape of the 
structure and a fluid flow factor called the Reynolds number. The Reynolds number 
R is the ratio of the inertial force to the viscous force which a fluid stream exerts 
on an object. For standard air, the Reynolds number R could be expressed as 


R — 780V D (B4.61) 


The drag coefficient C; for a cylinder (i.e., a pipe) is given versus the Reynolds 
number in Fig. B4.15. 

Wind Loading Analysis. The piping wind loading analysis is usually performed 
by a static method. In the analysis, the wind loading F is modeled as a uniform 
load acting over the projected length of the pipe, parallel to the direction of the 
wind. Two horizontal directions of wind loads (north-south and east-west) are 
included in the analysis. The design loads are based on the worst case of the two 
directions. Similar to the case of earthquake, the wind loading is considered re- 
versing. For load combination, the wind and the earthquake are assumed to not 
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TABLE B4.8 Gust Response Factor G 


G 
Height above 
ground level, ft Exposure A Exposure B Exposure C Exposure D 
0-15 2.36 1.65 1.32 1.15 
20 2.20 1.59 1.29 1.14 
25 2.09 1.54 1.27 1.13 
30 2.01 1.51 1.26 1.12 
40 1.88 1.46 1.23 1.11 
50 1.79 1.42 1.21 1.10 
60 1.73 1.39 1.20 1.09 
70 1.67 1.36 1.19 1.08 
80 1.63 1.34 1.18 1.08 
90 1.59 1:32 1.17 1.07 
100 1.56 1:31 1.16 1.07 
120 1.50 1.28 1.15 1.06 
140 1.46 1.26 1.14 1.05 
160 1.43 124 1.13 1.05 
180 1.40 1:23 1.12 1.04 
200 1.37 1.21 1.11 1.04 
250 1.32 1.19 1.10 1.03 
300 1.28 1.16 1.09 1.02 
350 1:25 1.15 1.08 1.02 
400 1.22 1.13 1.07 1.01 
450 1.20 1.12 1.06 1.01 
500 1.18 1.11 1.06 1.00 


Source: ANSI A58.1, 1982. (Courtesy of ANSI.) (1 ft = 0.3048 m) 


happen at the same time. A safety factor, the gust response factor G, should also 
be considered in the analysis. This factor is used to account for the fluctuating 
nature of wind and its interaction with structures. Its value depends on the exposure 
categories as shown in Table B4.8, where: 


1. Exposure A: Large city centers with at least 50 percent of the buildings having 
a height in excess of 70 ft 

2. Exposure B: Urban and suburban areas, wooded areas, or other terrain with 
numerous closely spaced obstructions having the size of single-family dwellings 
or larger 

3. Exposure C: Open terrain with scattered obstructions having heights generally 
less than 30 ft 

4. Exposure D: Flat, unobstructed coastal areas directly exposed to wind flowing 
over large bodies of water 


METHODS OF ANALYSIS 


Cookbook-Type Analysis 


The following cookbook-type method is mainly for supporting 2-in and smaller 
Nuclear Class 2, 3, and B31 piping under gravity, thermal expansion, and seismic 
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loadings. This method is based on standard support span tables. It covers a simplified 
weight analysis, a simplified thermal analysis, as well as a simplified seismic analysis. 

A simplified seismic analysis often requires many pipe supports that are designed 
to large loads. The cost saving in engineering is offset by increased fabrication and 
installation cost. The current approach is to analyze the nonseismic piping by 
simplified methods and all seismic piping by computerized analysis. This greatly 
reduces the number of required seismic supports and gives an overall cost saving. 


Simplified Weight Analysis. A simplified weight analysis is performed by locating 
the gravity supports based on gravity pipe spans. The maximum gravity pipe spans 
can be calculated from the following formula: 


SZ 1/2 
L= (S) (B4.62) 


where L = maximum gravity pipe span, ft 
Z = section modulus of pipe, in? 
W = distributed weight, lb/ft 
S = pipe stress due to gravity, psi 


and the corresponding stress S is 


(B4.63) 


where M = bending moment, in - lb. 


Alternatively, the bending stress in empty pipe may be read from Fig. B4.16, 
and the bending stress in water-filled pipe from Fig. B4.17. The deflection of empty 
pipe can be read from Fig. B4.18. 

The distributed weight of pipe includes the weight of metal, the weight of pipe 
contents, and the weight of insulation. Pipe material weights are subject to tolerance 
of applicable manufacturing specifications. 

Weights of insulation depend on the composition of insulation material and 
should be obtained from the insulation manufacturer. Weights of weatherproof 
protection, if specified, must be added. Insulation thicknesses recommended by 
insulation manufacturers do not necessarily agree with insulation specifications for 
a particular job. Insulation specifications should be reviewed prior to development 
of final weights of piping. 

Weights of insulation should be added to weights of flanges, valves, and fittings. 
Flange, flanged valve, and flanged fitting weights should include weights of bolts 
and nuts. 

Valve weights vary among particular manufacturers' designs and should include 
weights of electric-motor operators (if any) or other devices which may be specified 
for particular valves. It is suggested that, wherever possible, valve weights should 
be obtained from the manufacturer of the particular valves which are to be installed 
in the piping. 

Equation (B4.62) is based on the combination of a simply supported beam model 
and a fixed-end beam model because the behavior of pipe lies somewhere between 
these two models. 

A table of suggested maximum spans between supports of pipe based on a 
formula similar to Eq. (B4.62) is given in ASME Codes, as shown in Fig. B5.1 
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Bending stress in empty pipe, 

standard weight, caused by load 
between supports - based on 

single span with free ends. 

aw 

BSm 

W= Weight in pounds per lineal inch 

4 =Distance between hangers in inches 
Sm=Section modulus 


Spon, ft 
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Maximum bending stress, psi 
1 in = 25.4 mm 
1 ft = 0.3048 m 


1 psi = 6.8948 kPa 
FIGURE B4.16 Bending stress in empty pipe. 
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FIGURE B4.17 Bending stress in water-filled pipe. 
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FIGURE B4.18 Deflection of empty pipe. 


of Chap. B5. These spans have been calculated by considering insulated, standard 
wall thickness and heavier pipe, limited to a maximum stress of 1500 psi (10,350 
kPa) and maximum pipe sag of 0.1 in (0.25 mm). For small pipe where socket welds 
are used, Eq. (B4.63) can be rewritten as 


075iM — L89WL2 
Sec eru c (B4.64) 


and 


ie Gale 


B.182 GENERIC DESIGN CONSIDERATIONS 


where i — the stress intensification factor (SIF), 2.1 for socket welds per ASME 
B31.1 and ASME Section III piping codes. 


Figures B5.2 and B5.3 of Chap. B5 give the maximum spans for water and steam, 
air, or gas filled steel pipe, respectively. These tables are based on a pipe stress S 
of 2000 psi (13.790 MPa) and a socket weld SIF of 2.1. When these suggested weight 
spans are adhered to, the stress in the piping system due only to gravity load usually 
need not be explicitly calculated. 


Load Calculation by Weight Balance. The following example is used to illustrate 
a method by which hanger loadings may be determined. The method consists of 
locating the center of gravity of the specific piping configuration and then, by 
equating moments, to determine the resultant loads at particular hangers. 

A single-plane bend is shown in Fig. B4.19. Hangers are indicated as H-1, H-2, 
H-3, and H-4. The effects of uniform and concentrated loads are indicated at the 
points at which these loads act; it is noted that the weight of the 90? bend acts at 
the centroid of a quarter circle which, in this example, is located 1.8 ft distant from 
the centerline of the pipe run. The straight pipe length between hangers H-3 and 
H-4 is not included in this calculation because it can be analyzed by simple straight- 
beam theory. 

For the piping section which lies between equipment flange F and hanger H-3, 
moments are taken about the Y-Y and Z-Z axes. As an example, let the center of 
gravity of this configuration be located Y ft from the Y-Y axis. Then, from equilib- 
rium considerations, the following equation may be written: 


2436(0) + 910(1.8) + 2320(15) + 436(25) = 6102Y 


A solution to this equation results in Y — 7.75 ft. 

Similarly, the distance from the Z-Z axis to the center of gravity is found to be 
6.43 ft. 

For convenience, the calculations are made frequently in a tabular fashion as 
shown in Fig. B4.19. 


Simple beam calculation 


Locate C.G. of load F, H-1, H-2, H-3 


T C.G.(6102 Ib) Moments about axis Y-Y | Moments about axis Z-Z 
Lb x ft = ft-lb Lb X ft = ft-lb 
Legend 2,436 0.0 O | 2,756 OO 0 
910 1.8 1,640 9IO 1.8 1,640 
* 910 ib Component weights 2,320 15.0 34,800 | 2,436 15.5 37,700 
E x Hanger locations 436 250 10,900 


© C.G. of the section 6,102 47,340 | 6,102 39,340 


47,340 ,,5 F 39,340 _ ' A 
NIS. 436 Ib 6.102 =7.75 from Y-Y EN 26.43 from Z-Z 
N 
Zz 
1 lb = 4.448 N 
1 ft = 0.3048 m 


1 ft-lb = 1.3561 N-m 
FIGURE B4.19 One-line piping diagram for illustration of load calculation by weight balance. 
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Construct the triangle H-I, H-2, H-3 superimposing 
location of C.G. and calculate reactions ot H-1, H-2 and H-3 


1 ft = 0.3048 m 
1lb = 4.448 N 


Reaction at Hole X 6102 -15 X 6102 = 2055 Ibs 


c TAT 
-— -—— z = l] 
H-2*-4- X 6102 1325 X 6102 = 3301 Ibs 
e 2.37 
-32— -—- X 6102= 746 Ibs 
H-3 F X 6102 i935 6102 5 
F= OQ lbs 
6102 Ibs 
Total! load on H-3 =746 + 2320 = 1906 Ibs 


FIGURE B4.20 Hanger load calculations for system of Fig. B4.19. Three 
hangers with zero reaction at flange F. 


Let it be now required to determine hanger loadings for the piping configuration 
of Fig. B4.19 with the stipulation that no load due to weight be imposed on the 
equipment flange F. This is accomplished easily by use of simple geometrical rela- 
tionships, and the solution is as indicated in Fig. B4.20. 

If it were desired to support the piping with two, rather than three, hangers, it 
would be convenient to eliminate H-1 and to relocate H-2 to a position at which 
it would be colinear with the center of gravity and hanger H-3. The construction 
for this arrangement and the associated hanger-load calculations are shown in 
Fig. B421. 

In each of the two above cases, one-half of the 2320-Ib load between H-3 and 
H-4 has been included in the calculations for hanger loading on H-3. Thus H-4 
would be required to support 1160 Ib plus, of course, any additional piping load to 
the right of H-4 in Fig. B4.19. 
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H-1- eliminoted 
H-2- relocated 
H-3- remaining in same position 


Z 
26' 
Ch) 


C.G. (6102 ib) 


H-2 will be relocated on oxis 
Z-Z, at o distance (J) from axis 
Y-Y, proportioned thus: 


J:a= h $ g 
ah 7.75 X 26 ; 
Jon yp AA eO: 
F g (9.57 ^ 9? 
Z 
Reaction at H-2 = 1387 X 6102 = 4595 Ibs 
H-3 = EIS X 6102 = 1507 Ibs 


6102 Ibs 
Total load on ‘H-3= 1507 + 2320 = 2667 Ibs 


FIGURE B4.21 Hanger load calculations for system of Fig. B4.19 except that 
one hanger has been eliminated. 


Simplified Thermal Expansion Analysis. This simplified analysis is based on the 
guided cantilever method. The guided cantilever is a cantilever beam restrained in 
such a way that its free end will not rotate when it is deflected in a direction 
perpendicular to the longitudinal axis of the beam, as shown in Fig. B4.22. 

For piping systems under thermal expansion loads, the behavior of the piping 
approximates that of a guided cantilever. The thermal growth forces the pipe leg 


a eee — — ar- 
E | 
A Deflection 
st 


FIGURE B4.22 Guided cantilever. 
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to translate while pipe rotations are restricted by piping continuity. Therefore, this 
method can be used to check the flexibility of a piping system. 
For a guided cantilever, the moment induced by an imposed deflection is 


6EIA 
M= n (B4.66) 


where M = induced moment, in - Ib 
E = modulus of elasticity, psi 
I = moment of inertia, in* 
A — deflection, in 
L — length of pipe leg perpendicular to deflection, in 


The corresponding stress is then 


iM  6EIA^i  3EDAi 


TEC eB = xd) 
where S — induced stress, psi 
D = outside diameter of pipe, in 
Z = section modulus of pipe, in? 
i — stress intensification factor 
Solving the equation for the beam length L gives 
3EDAi ^? 
L= DE (B4.68) 


By determining the proper allowable stress and taking into account the appropriate 
stress intensification factor, Eq. (B4.68) gives an estimate of the minimum allowable 
offset pipe span L required to sustain a piping thermal movement A normal to 
the piping. 

Tables B4.9 and B4.10 give the minimum allowable offset span for steel piping 
(E = 27.9 X 10° psi) with socket welds (i = 2.1) and without socket welds, respec- 
tively. These tables are based on allowable stresses S of 22,500 psi. 


Thermal Movement Calculations. The simplified method shown below is one 
which gives satisfactory approximations of the piping movements. Whenever differ- 
ences occur between the approximations and actual movements, the approximation 
of the movement will always be the greater amount. 

Step 1. The piping system of Fig. B4.23 is drawn, and on it are shown all known 
vertical movements of the piping from its cold to hot, or operating, position. These 
movements will include those supplied by the equipment manufacturers for the 
terminal point connections. For the illustrated problem, the following vertical move- 
ments are known: 


Point A—2 in up, cold to hot 
Point B—1% in up, cold to hot 
Point C—¥% in down, cold to hot 
H-4—0 in cold to hot 
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TABLE B4.9 Thermal Expansion Minimum Allowable Offset Span (Feet- 
Inches), Straight Steel Pipe with Socket Welds 


Pipe size, NPS (DN) 


Therm. 

expan., in Ve (15) 3A (20) 1 (25) 1% (40) 2 (50) 
0.10 2-1% 2-434 2-8 3-2% 3-7 
0.15 2-72 2-11 3-34 3-11% 4-434 
0.20 3-014 3-4V5 3-94 4-62 5-1 
0.25 3-42 3-914 4-234 5-1 5-8 
0.30 3-8% 4-1% 4-712 5-634 6-22 
0.35 4-0 4-52 5-0 6-0 6-8% 
0.40 4-34 4-914 5-4 6-5 7-224 
0.45 4-6V4 5-094 5-8 6-934 7-74 
0.50 4-914 5-4 5-11% 7-24 8-0% 
0.60 5-2% 5-10% 6-6% 7-1014 8-915 
0.70 5-734 6-334 71-084 8-6 9-6 
0.80 6-0% 6-9 7-634 9-1 10-134 
0.90 6-494 7-2 8-014 9-72 10-914 
1.00 6-9 7-6% 8-514 10-134 11-414 
1.10 7-1 7-11 8-10% 10-734 11-1034 
1.20 7-494 8-314 9-3 11-175 12-544 
1.50 8-314 9-3 10-414 12-544 13-1034 
1.75 8-11% 9-11% 11-2 13-574 15-074 
1.90 9-334 10-434 11-734 14-0 15-734 
2.00 9-6% 10-8 11-11% 14-4% 16-0% 
2.50 10-8 11-11% 13-414 16-0% 17-11% 
3.00 11-874 13-034 14-71% 17-7 19-8 
lin = 25.4 mm 
1 ft = 0.3048 m 


The operating temperature of the system is given as 1050°F (566°C), and the 
coefficient of expansion for low-chrome steel at 1050°F (566°C) is 0.0946 in/ft. 

The movements at points D and E are calculated by multiplying the coefficient 
of expansion by the vertical distance of each point from the position of zero move- 


ment on the riser DE: 


55 ft x 0.0946 in/ft = 5.20 in up at D 
20 ft x 0.0946 in/ft — 1.89 in down at E 


Step 2. A simple drawing is made of the piping between two adjacent points 
of known movement, extending the piping into a single plane as shown for the 


portion of the system between A and D. 


The vertical movement at any hanger location will be proportional to its distance 


from the 


endpoints: 


Ay = fh, x 3.20 
A; 0ALin 
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TABLE B4.10 Thermal Expansion Minimum Allowable Offset Span (Feet- 
Inches), Straight Steel Pipe, No Socket Weld 


Pipe size, NPS (DN) 


Therm. 

expan., in Ve (15) 34 (20) 1 (25) 1% (40) 2 (50) 
0.10 1-534 1-8 1-104 2-234 2-534 
0.15 1-994 2-0% 2-34 2-894 3-0v5 
0.20 2-14 2-4 2-74 3-134 3-614 
0.25 2-4 2-TV4 2-114 3-614 3-11 
0.30 2-694 2-10% 2-2 3-10% 4-312 
0.35 2-94 3-1 3-52 4-194 4-734 
0.40 2-11% 3-334 3-84 4-514 4-1134 
0.45 3-115 3-6 3-11 4-8% 5-3 
0.50 3-334 3-84 4-194 4-11% 5-615 
0.60 3-72 4-0V5 4-6% 5-514 6-1 
0.70 3-10% 4-42 4-10% 5-1015 6-694 
0.80 4-24 4-8 5-224 6-34 7-014 
0.90 4-5 4-11% 5-615 6-734 7-54 
1.00 4-8 5-115 5-10 7-094 7-104 
1.10 4-10% 5-5% 6-1% 7-44 8-234 
1.20 5-1% 5-842 6-4% 7-814 8-7 
1.50 5-82 6-494 7-194 8-7 9-74 
1.75 6-24 6-1034 7-82 9-312 10-415 
1.90 6-514 7-24 8-015 9-8 10-934 
2.00 6- TVA 7-4 8-3 9-11 11-1 
2.50 7-494 8-314 9-3 11-179 12-5 
3.00 8-1% 9-094 10-134 12-224 13-72 


1 in = 25.4 mm 
1 ft = 0.3048 m 


The vertical movement at H-1 = 0.41 in + 2 in: 


AH-1 
A2 
A2 


2.41 in up 


2, x 3.20 


2.27 in 


The vertical movement at H-2 = 2.27 in + 2 in: 


AH-2 = 4.27 in up 
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Step 3. To calculate the vertical movement at H-3, multiply TN 
its distance from H-4 by the coefficient of expansion: H-8| 3.78" 
40 ft x 0.0946 in/ft = 3.78 in | 
AH-3 = 3.78 in up 
Step 4. The next section of pipe on which there are two © 
points of known movement is the length E-J. The movement at * 
E was calculated as 1.89 in down: " 
The movement at J is equal to the movement at the terminal H-4 O 
point C (% in down) plus the amount of expansion of the leg 
Cu: | 
i n 
AJ = 0.125 in + 3.5 ft x 0.0946 in/ft f ? 
\ 
AJ = 0.46 in down (b) 
A3 = 35/49 x 1.43 = 0.12 in 
A H-7 = 0.12 in + 0.46 in 
A H-7 = 0.58 in down 
A6 = Wao x 1.43 — 0.58 in 
14 
1o 0.125" 
9 
J 
pe E 
J i 5| jat _ 2l- x 
0.46" L— | Jes cs 
(a) (b) 
A H-6 = 0.58 + 0.46 in 
A H-6 = 1.04 in down 
Ay = 9, x 1.43 = 1.02 in 
AF = 1.02 + 0.46 
AF = 1.48 in down aa 
As = 9/5 x 1.43 = 1.09 in 1.10" E 
A H-5 = 1.09 + 0.46 
A H-5 = 1.55 in down I F 
1.48" . 
Step 5. In the section G-H, the movement at G Elevation 
is equal to the movement at F minus the expansion (c) 
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FIGURE B4.23 One-line piping diagram for calculation of hanger movements. Points A, B, 
and C are equipment connections. H-1, H-2, and so on, represent hanger locations. 


of the leg GF: 
AG = 1.48 in down — 4 ft x 0.0946 in/ft 
AG = 1.10 in down 


The movement at H is equal to the movement of the terminal point B (14e in 
up) plus the expansion of the leg B-H: 
AH = 0.0625 in up + 9 ft x 0.0946 in/ft 


AH = 0.91 in up 


Since H-9 is located at point H, 
AH-9 = AH =0.91 in up 
12 x 2.01 . 
A, eee eee did n 1.04 In 
; 23.1 
A H-8 = 1.10 — 1.04 


A H-8 = 0.60 in down 
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Elevation o 


0.0625" 


8 
(a) (5) 


After calculating the movement at each hanger location it is often helpful, for 
easy reference when selecting the appropriate type hanger, to make a simple table 
of hanger movements. 


Hanger number Movement, in 
H-1 2.41 up 
H-2 4.27 up 
H-3 3.78 up 
H-4 0 
H-5 1.55 down 
H-6 1.04 down 
H-7 0.58 down 
H-8 0.06 down 
H-9 0.91 up 

lin = 25.4 mm 


Calculation of Hanger Loads. A 6-in medium-temperature steam piping system 
is shown in Fig. B4.24. Terminal movements at equipment flanges A and B are 
indicated; dimensions of system components and physical data are also given. It is 
required to determine hanger loadings and also to determine movements at each 
of the hangers H-1 through H-7. 

It is noted that hanger H-3 on the vertical leg has been located 20 ft (6.0 m) above 
the lower horizontal pipe run. Calculations would indicate that the center of gravity 
of the vertical leg is 16.16 ft (5.0 m) above the lower horizontal run. It would not be 
desirable to place the hanger at the center of gravity because the hanger would then 
act as a pivot point and would not resist sway. If the hanger H-3 were placed below 
the center of gravity, an unstable turnover condition would result. The most desirable 
location is above the center of gravity; hanger H-3 has thus been placed arbitrarily a 
distance of 20 ft (6.0 m) above the lower horizontal piping run. 

Starting with equipment flange A, the system is broken up into component parts 
between hangers and hanger reactions are calculated. The procedure is indicated 
in Figs. B4.25a to B4.25g, and the results are listed in Table B4.11. Hanger deflec- 
tions, or movements, are determined as shown in Figs. B4.26a and B4.26b. 


Simplified Seismic Analysis. A simplified seismic analysis utilizing simple beam 
formulas and response spectrum curves is given here. The maximum support spac- 
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Equipment flange A i Summary of data 
moves up 0.46 e A Expansion= 0.0563 in. /ft 
(per mfr.) 6" pipe and insul.= 40 Ib/ft 
6" flange and insul.=100 Ibs 
6" valve and insui.=800 Ibs 


6"L.R elbow and insul.=47.5 Ibs 


Equipment flange B 
moves up | 
(per mfr.) 


FIGURE B4.24 One-line piping diagram for calculation of hanger loadings and deflections. 


ings are selected from Tables B4.12 to B4.14 so that the fundamental frequency of 
the span is in the rigid range of the response spectrum. 
These seismic spans are based on the following formula: 


l 1/2 / 129E \ Ut 
LOGGE aw 


where L = maximum seismic spacing, ft 
f — desired frequency, cycles/s 
g = 386 in/s? 
E = modulus of elasticity, psi 
I = moment of inertia, in* 
W = distributed weight, lb/ft 


For a system with seismic supports designed in the rigid range, the seismic accelera- 
tion of the system is low and consequently the design loads for the system decrease. 
The corresponding seismic stress is then 


2 


S = 0.75i (12) (S7 uso (B4.70) 


where Z = section modulus of pipe, in? 
G = seismic acceleration (OBE or SSE) in gs 
i = stress intensification factor 


The number 1.5 in Eq. (B4.70) is a factor to account for the contribution from the 
higher modes.^4? 
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Taking moments about H-I 


£t x tb ft-Ib 
0.8073 64.6 = §2.2 
1.833 100.0 = 183.3 
164.6 235.5 

Reaction @ flange a: 2338 207.8 Ibs 


Reaction @ H-I = 164.6 —117.8 = 46.8 Ibs 
(a) 


16' 
640 Ib 
H-I H-2 
8.0' 
Reactions H-I and H-2 -840 = 320 Ibs 


(b) 


FIGURE B4.25 (a) Distribution of weight between equipment 
flange A and H-1. (b) Distribution of weight between H-1 and 
H-2. 


Computerized Method 


Types of Computer Programs. The microcomputer has become the daily tool and 
workstation of the piping stress analyst. Files which contain data for piping stress 
analysis are created, edited, and saved at this workstation. These files are later 
transferred to the mini- or mainframe computer for the calculation of piping stresses 
and support loads. 

Most of the computer programs for piping stress analysis such as ADLPIPE, 
NUPIPE, and SUPERPIPE were developed for use on mainframe computers. With 
the introduction of many powerful microcomputers in the mid-1980s, microcom- 
puter-based programs for piping stress analysis were also developed such as AU- 
TOPIPE and CAESAR II. Some of these new programs are menu driven and user 
friendly. Refer to Appendix E9. They help save engineering time and cost. In 
general, these computer programs may be divided into four classes: 


1. Programs that can perform pressure, thermal expansion, deadweight, and exter- 
nal forces (e.g., wind) analyses for ASME Section III, Class 2, 3, ASME B31.1, 
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Taking moments about H-3 


H-3 
Ft. X Iib s ft-ib 

0.0 370.0 = [6] Elevation 

0.272 47.5 = 12.9 


3375 210.0 = 708.8 
6275 727 
Reoction @ H-2 = eur = 120.3 Ibs 
Reaction (8 H-3 = 627.5 - 120.3 =507.2 Ibs 
(c) 


Taking moments obout H-4 


Ft x Ib = ft-ib 
1125 90.0 = 101.3 
2.728 47.5 = 129.6 
3.0 770.0 = 2310.0 

y 907.5 2540.9 

"m 

P 770 Ib Reaction (9 H-3 E0802 847 Ibs 


20 


Reaction © H-4= 907.5 -847- 60.5 Ibs 


Elevation 


(d) 


FIGURE B4.25 (c) Distribution of weight between H-2 and 
H-3. (d) Distribution of weight between H-3 and H-4. 
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Taking moments about H-6 


Ft X Ib = __ftelb 
2.08 200 = 416.0 
6.00 157 = 942.0 
8.33 100 = 8330 
457 = 2191.0 
2191 


Reaction @ H-5= nary = 243.4 ibs 
Reaction @ H-6 = 457-2434 =213.6 Ibs 
(f) 


FIGURE B425 (e) Distribution of weight between H-4 and H-S. (f) 
Distribution of weight between H-5 and H-6. 


B31.3, B31.4, B31.5, B31.8, NEMA, API-610, and API-617 piping. Programs 
such as TRIFLEX, AUTOPIPE, and CAESAR II are in this class. (AUTOPIPE 
and CAESAR II have response spectrum and SAM analysis capability. However, 
there is a limit on the number of analyses which can be performed in the same 
computer run because of the memory capability of microcomputers.) 


. Programs that can perform seismic, independent support motion, thermal tran- 
sient, and time-history analyses in addition to those mentioned in item 1 for 
ASME Section III, Class 1, 2, 3, ASME B31.1, and B31.3 piping. Programs such 
as ADLPIPE, ME101, NUPIPE, PIPESD, and SUPERPIPE are in this class. 


. General-purpose programs, such as ANSYS. ANSYS is a general-purpose finite 
element analysis program which can perform static and dynamic analysis; elastic 


STRESS ANALYSIS OF PIPING SYSTEMS B.195 


17 3 


17.833' 


19.0' 


Taking moments about H-6 


Fr x tb z ft-ib 
8.807 705 = 6210 
t7. 833 100 = 1783 
19.0 800 = 15200 
1605 23193 
i 23193 
t -7 ===: 
Reaction @ H-7 720 1364 Ibs 


Reaction (9 H-6 = 1605-1364 = 241 ibs 


FIGURE B425 (g) Distribution of weight between H-6 and H-7 to maintain zero 
reaction on flange B. 


TABLE B4.11 Summary of Hanger Loadings 


Reactions, Ib 
Hanger H-1 to | H-2to | H-3 to | H-4to | H-5to | H-6to | Hanger 
mark A to H-1 H-2 H-3 H-4 H-5 H-6 H-7 load, lb 


11b = 4.448 N 


B.196 


and plastic analysis; steady-state and transient heat transfer; steady-state fluid 
flow analyses; and nonlinear time-history analyses. There are 40 different finite 
elements available for static and dynamic analysis. Dynamic analyses can be 
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Flatten out pipe shape into plane and establish movement at 
top and bottom of vertical leg. 
Use method for one vertical leg. 


0.46" 


c 
———-—— 4420.54 exp.up 


H-3 
Vertical leg length z 30' 


3 / Exp. £,=30*0.0563= 1.69" 

o " " 
ae = 

«1t I are 


. a, 4, 
y? —5 
Ax H-1: 5:9. 93^ 29.045" 
Ax @H-2:-82 7994. .9 405^ 
(b) 


FIGURE B4.26 (a) Deflections of vertical leg of Fig. B424. (b) 
Determination of deflections at H-1 and H-2 of Fig. B424. 


performed either by modal superposition or direct integration.* 


4. Specialized programs such as PIPERUP. PIPERUP performs nonlinear elastic- 
plastic analyses of piping systems subjected to concentrated static or dynamic 
time-history forcing functions. These forces result from fluid jet thrusts at the 
location of a postulated break in high-energy piping. PIPERUP is an adaptation 
of the finite element method to the specific requirements of pipe rupture 


analysis.? 


Leva 


TABLE B4.12 Maximum Support Spacing for Seismic Stress for a Frequency of 20 Hz (Feet-Inches), Steel Pipe 


Antisweat* Calcium silicate* Reflective* 
Pipe No 

NPS (DN) sch. insul. Voin lin Vo in lin 1% in 2 in 2% in 4 in 
Vo (15) 40 5-4 4-11 4-8 4-9 4-5 4-2 3-10 3-8 3-3 
80 5-4 4-11 4-9 4-10 4-6 4-3 4-0 3-9 3-5 
160 5-3 4-11 4-9 4-10 4-6 4-3 4-0 3-10 3-5 

34 (20) 40 6-0 5-7 5-4 5-5 5-1 4-10 4-7 4-4 3-11 
80 6-0 5-7 5-5 5-6 5-3 4-11 4-8 4-5 4-1 
160 5-11 5-7 5-5 5-6 5-3 5-0 4-9 4-7 4-2 
1 (25) 40 6-9 6-4 6-2 6-3 5-11 5-8 5-4 5-1 4-8 

80 6-9 6-5 6-3 6-4 6-0 5-9 5-6 5-3 4-10 
160 6-8 6-5 6-3 6-4 6-1 5-10 5-7 5-5 5-0 
1% (40) 40 8-0 7-8 7-6 7-7 7-4 7-1 6-9 6-7 6-1 
80 8-1 7-10 7-8 7-9 7-6 7-3 7-0 6-9 6-4 
160 8-1 7-10 7-9 7-9 7-7 7-4 7-2 6-11 6-7 
2 (50) 40 8-11 8-7 8-5 8-6 8-3 8-0 7-9 7-6 7-1 
80 9-1 8-9 8-8 8-8 8-6 8-3 8-0 7-10 7-5 
160 9-1 8-10 8-9 8-9 8-7 8-5 8-3 8-1 7-8 


* Insulation type. 1 in = 25.4 mm, 1 ft = 0.3048 m 
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TABLE B4.13 Maximum Support Spacing for Seismic Stress for a Frequency of 25 Hz (Feet-Inches), Steel Pipe 


Antisweat* Calcium silicate* Reflective* 
Pipe No 

NPS (DN) sch. insul. Voin lin Vo in lin 1% in 2in 2% in 4 in 

V (15) 40 4-10 4-4 4-2 4-3 4-0 3-8 3-6 3-3 2-11 
80 4-9 4-5 4-3 4-4 4-0 3-9 3-7 3-4 3-0 
160 4-8 4-5 4-3 4-4 4-1 3-10 3-7 3-5 3-1 
34 (20) 40 5-4 5-0 4-9 4-11 4-7 4-4 4-1 3-10 3-6 
80 5-4 5-0 4-10 4-11 4-8 4-5 4-2 4-0 3-7 
160 5-3 5-0 4-10 4-11 4-8 4-6 4-3 4-1 3-9 
1 (25) 40 6-0 5-8 5-6 5-7 5-4 5-0 4-10 4-7 4-2 
80 6-0 5-9 5-7 5-8 5-5 5-2 4-11 4-9 4-4 
160 5-11 5-8 5-7 5-8 5-5 5-3 5-0 4-10 4-6 
1% (40) 40 7-2 6-10 6-9 6-9 6-6 6-4 6-1 5-10 5-5 
80 7-3 7-0 6-10 6-11 6-8 6-6 6-3 6-1 5-8 

160 7-3 7-0 6-11 6-11 6-9 6-7 6-5 6-2 5-10 
2 (50) 40 8-0 7-8 7-7 7-7 7-4 7-2 6-11 6-9 6-4 
80 8-1 7-10 7-9 7-9 7-7 7-5 7-2 7-0 6-7 

160 8-1 7-11 7-10 7-10 7-8 7-6 7-4 7-2 6-10 


* Insulation type. 1 inch = 25.4 mm, 1 ft = 0.3048 m 
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TABLE B4.14 Maximum Support Spacing for Seismic Stress for a Frequency of 33 Hz (Feet-Inches), Steel Pipe 


Antisweat* Calcium silicate* Reflective* 
Pipe No 

NPS (DN) sch. insul. Voin lin Vo in lin 1% in 2 in 2% in 4 in 
V (15) 40 4-2 3-9 3-7 3-8 3-5 3-2 3-0 2-9 2-6 
80 4-1 3-10 3-8 3-9 3-5 3-3 3-1 2-10 2-7 
160 4-1 3-10 3-8 3-9 3-6 3-4 3-1 2-11 2-8 
34 (20) 40 4-7 4-4 4-1 4-3 3-11 3-9 3-6 3-4 3-0 
80 4-7 4-4 4-2 4-3 4-0 3-10 3-7 3-5 3-1 
160 4-6 4-4 4-2 4-3 4-0 3-11 3-8 3-6 3-3 
1 (25) 40 5-2 4-11 4-9 4-10 4-7 4-4 4-2 3-11 3-7 
80 5-2 5-0 4-10 4-11 4-8 4-5 4-3 4-1 3-9 

160 5-1 4-11 4-10 4-11 4-8 4-6 4-4 4-2 3-11 
1% (40) 40 6-2 5-11 5-10 5-10 5-7 5-6 5-3 5-0 4-8 

80 6-3 6-1 5-11 6-0 5-9 5-7 5-5 5-3 4-11 
160 6-3 6-1 6-0 6-0 5-10 5-8 5-7 5-4 5-0 
2 (50) 40 6-11 6-8 6-7 6-7 6-4 6-2 6-0 5-10 5-6 
80 7-0 6-9 6-8 6-8 6-7 6-5 6-2 6-1 5-8 

160 7-0 6-10 6-9 6-9 6-8 6-6 6-4 6-2 5-11 


* Insulation type. 1 inch = 25.4 mm, 1 ft = 0.3048 m 
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Method of Analysis. The piping system is modeled as a series of masses connected 
by massless springs having the properties of the piping. The mathematical model 
should include the effects of piping geometry changes, elbow flexibilities, concen- 
trated weights, changes in piping cross sections, and any other parameters affecting 
the stiffness matrix of the model. Mass point spacing should follow the guidelines 
specified above. Valves should be modeled as lumped masses at valve body and 
operator, with appropriate section properties for valve body and valve topworks. 
Rigid supports, snubbers, springs, and equipment nozzles should be modeled with 
appropriate spring rates in particular degree of freedom. Stress intensification factors 
should be input at the appropriate locations (elbows, tees, branch connections, 
welds, etc.). Piping distributed weight should include pipe weight, insulation weight, 
and entrained fluid weight. 

Once an accurate model is developed, the loading conditions are applied mathe- 
matically: 


1. Statically applied loads (deadweight, wind loads, pressure thrust, etc.) 
2. Thermal expansion 


3. Statically applied boundary condition displacements (seismic anchor movement, 
LOCA containment displacement, etc.) 


4. Response spectrum analysis (seismic, etc.) 
5. Dynamically applied boundary condition displacements (LOCA motion, etc.) 
6. Dynamically applied forcing functions (steam hammer, etc.) 


The results of the analyses should be examined in order to determine if all 
allowables are met (i.e., piping stress, valve acceleration, nozzle loads, etc.). The 
loads must be combined using the appropriate load combinations and submitted 
to structural designers for their analysis. 


PROCEDURES FOR THE DESIGN OF RESTRAINED 
UNDERGROUND PIPING 


This section is reproduced by the courtesy of ASME B31.1. 


Foreword 


The B31.1 Code contains rules governing the design, fabrication, materials, erection, 
and examination of power piping systems. Experience over the years has demon- 
strated that these rules may be conservatively applied to the design and analysis 
of buried piping systems. However, the ASME B31.1 rules were written for piping 
suspended in open space, with the supports located at local points on the pipe. 
Buried piping, on the other hand, is supported, confined, and restrained continuously 
by the passive effects of the backfill and the trench bedding. The effects of continuous 
restraint cannot be easily evaluated by the usual methods applied to exposed piping, 
since these methods cannot easily accommodate the effects of bearing and friction 
at the pipe/soil interface. Accordingly, this section has been prepared to illustrate 
and clarify the application of B31.1 Code rules to restrained buried piping. 

All components in the buried piping system must be given consideration, includ- 
ing the building penetrations, branches, bends, elbows, flanges, valves, grade pene- 
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trations, and tank attachments. It is assumed that welds are made in accordance 
with the B31.1. Code and that appropriate corrosion protection procedures are 
followed for buried piping. 

This section provides analytic and nomenclature definition figures to assist the 
designer, and is not intended to provide actual design layout. 


Scope 


The scope of this section is confined to the design of buried piping as defined in 
Pa- expansion in buried piping affects the forces, the resulting bending moments 
and stresses throughout the buried portions of the system, particularly at the anchors, 
building penetrations, buried elbows and bends, and branch connections, and it is 
the designer's responsibility to consider these forces. This section, however, deals 
only with the buried portions of the system, and not the complete system. 

The design and analysis of buried piping requires that careful attention be paid to: 


T 


. All loads acting on the system 


N 


. The forces and the bending moments in the piping and piping components 
resulting from the loads 


w 


. The loading and stress criteria 


A 


. General design practices 


Definitions 


Confining Pressure the pressure imposed by the compacted backfill and overbur- 
den on a buried pipe. Confining pressure is assumed to act normal to the pipe circum- 
ference. 


Flexible Coupling a piping component that permits a small amount of axial or 
angular movement while maintaining the pressure boundary 


Friction the passive resistance of soil to axial movement. Friction at the pipe/soil 
interface is a function of confining pressure and the coefficient of friction between 
the pipe and the backfill material. Friction forces exist only where there is actual 
or impending slippage between the pipe and soil. 


Influence Length that portion of a transverse pipe run which is deflected or “‘influ- 
enced” by pipe thermal expansion along the axis of the longitudinal run 


Modulus of Subgrade Reaction the rate of change of soil bearing stress with 
respect to compressive deformation of the soil. It is used to calculate the passive 
spring rate of the soil. 


Penetration the point at which a buried pipe enters the soil either at grade or 
from a wall or discharge structure 


Settlement the changes in volume of soil under constant load which result in the 
downward movement, over a period of time, of a structure or vessel resting on 
the soil 


Virtual Anchor a point or region along the axis of a buried pipe where there is 
no relative motion at the pipe/soil interface 
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Nomenclature 


a,b, c = quadratic equation functions 
A = cross-sectional metal area of pipe, in? 
A. = surface area of a l-in long pipe segment, in? 
Ba = trench width at grade, in 
Cp = soil bearing parameter from Table B4.15, dimensionless 
C, = horizontal stiffness factor for backfill [61]? dimensionless 
D = pipe outside diameter, in 
dL = length of pipe clement, in 
E = Young's modulus for pipe, psi 
f = unit friction force along pipe, Ib/in 
Soins fmax = Minimum, maximum unit friction force on pipe, lb/in 
F = total friction force along effective length, Ib 
Fmax = maximum axial force in pipe, lb 
H = pipe depth below grade, in 
I — pipe section moment of inertia, in* 
k = soil modulus of subgrade reaction, psi 
kj = soil horizontal modulus of subgrade reaction, psi 
k;,; = orthogonal soil springs on pipe, Ib/in 
k, — soil vertical modulus of subgrade reaction, psi 
L, = length of transverse pipe run, in 
La = length of longitudinal pipe run, in 
Lm = minimum slippage length of pipe, in 
L' = effective slippage length for short pipes, in 
L” = effective slippage length for long pipes, in 
n = number of modeling elements for pipe springs, dimensionless 
N, = horizontal force factor,°! dimensionless 
P = maximum operating pressure in pipe, psi 
P. = confining pressure of backfill on pipe, psi 
Sa = allowable expansion stress range, psi 
SE = expansion stress, psi 


Sp = basic material allowable stress at T degrees fahrenheit, psi 
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f — pipe wall thickness, in 
T — maximum operating temperature, ^F 
T, = ambient temperature of pipe, °F 
w = soil density, pcf, pci 
W, = unit weight of pipe and contents, lb/in 
a = coefficient of thermal expansion of pipe, in/in/ F 
B = pipe/soil system characteristic,” in^! 
€ = pipe unit thermal expansion, in/in 
u = coefficient of friction, dimensionless 
$2 = effective length parameter, in 
l inch = 25.4 mm 
1 lb = 4.448 N 
I psi = 6894.8 Pa 


deg F = 1.8 deg C + 32 


Loads 


Thermal Expansion. Thermal displacements at the elbows, branch connections, 
and flanges in a buried piping system and the forces and moments resulting from 
the displacements may be determined by analyzing each buried run of pipe by the 
method described in this section. 

Installations with Continuous Runs. For buried piping installations that con- 
tain continuous runs without flexible couplings, the passive restraining effects of 
soil bearing on the transverse legs at the ends of long runs subject to thermal 
expansion may be significant and result in high axial forces and elbow or branch 
connection bending moments. 

Installations with Flexible Couplings. For buried piping installations that in- 
corporate flexible couplings into the pipe runs subject to thermal expansion, the 
bending moments and stresses may be substantially reduced. However, the flexible 
couplings must be chosen carefully to accommodate the thermal expansion in the 
pipe, and the friction forces or stiffness in the coupling must be considered. 

Installations with Penetration Anchors. For buried piping systems in which 
the building penetration provides complete restraint to the pipe, it is necessary to 
calculate the penetration reactions to thermal expansion in the initial buried run. 
If this run incorporates flexible couplings, piping reactions at the penetration re- 
sulting from unbalanced forces due to internal pressure must be considered. 

Installations with Flexible Penetrations. For buried piping systems in which 
the building penetrations permit some axial or angular movements, the interaction 
between the buried run outside the penetration and the point-supported portion 
of the system inside the building must be considered. 


B.204 GENERIC DESIGN CONSIDERATIONS 


Pressure. Pressure loads in buried piping are important for two primary reasons: 


1. In pipe runs which incorporate flexible couplings, there is no structural tie 
between the coupled ends, with the result that internal pressure loads must be 
reacted externally. External restraint may be provided by thrust blocks, external 
anchors, soil resistance to elbows or fittings at each end of the pipe run, or by 
control rods across the coupling. Where one or both of the ends terminate at a 
penetration or an anchor, or at connected equipment such as a pump or vessel, 
the pressure forces can be quite high and must be considered in the anchor or 
equipment design. 


2. For discharge structures, the reaction forces due to upstream pressure and 
mass flow momentum in the discharge leg may be high and must be considered in 
the design of the last elbow or bend before the discharge. 


Earthquake. An earthquake subjects buried piping to axial loads and bending 
moments from soil strain due to seismic waves, or from ground faulting across the 
axis of the pipe. The seismic soil strain can be estimated for a design earthquake 
in a specific geographical region, from which design values for forces and moments 
in buried piping can be calculated. However, consideration of the magnitude and 
effects of seismic ground faulting on buried piping is beyond the scope of this section. 


Calculations 


The calculations for stresses in restrained underground piping are carried out in 
four steps, as follows. 


Assembling the Data. The pipe material and dimensions, soil characteristics, and 
operating conditions must be established: 
Pipe Data 


1. Pipe outside diameter D, in 

2. Wall thickness t, in 

3. Length of pipe runs L, (transverse) and L; (longitudinal), in 
4. Young's modulus E, psi 

5. Pipe depth below grade H, in 


Soil Characteristics 


1. Soil density w, pcf (from site tests) 

2. Type of backfill 

3. Pipe trench width at grade Ba in 

4. Range of coefficient of friction u between pipe and backfill 


Operating Conditions 


1. Maximum operating pressure P, psi 

2. Maximum pipe temperature T, °F 

3. Ambient pipe temperature T, °F 

4. Pipe coefficient of thermal expansion o, in/in/°F 
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Calculations of Intermediate Parameters. The following parameters must be cal- 
culated: 

Maximum Relative Strain & at the Pipe/Soil Interface, in/in. For thermal 
expansion, this is the unit thermal elongation of the unrestrained pipe, 


e =a(T —T,) (B4.71) 


where a = coefficient of thermal expansion 
T — T, = difference between operating and installation temperatures 


Modulus of Subgrade Reaction k, psi. This is a factor which defines the resis- 
tance of the soil or backfill to pipe movement due to the bearing pressure at the 
pipe/soil interface. Several methods for calculating k have been developed in recent 
years by Audibert and Nyman, Trautmann and O'Rourke, and others.” For 
example,” for pipe movement horizontally, the modulus of subgrade k, may be 
found by 


kn = CyNawD psi (B4.72) 


where C, = a dimensionless factor for estimating horizontal stiffness of compacted 

backfill. C, may be estimated at 20 for loose soil, 30 for medium soil, 
and 80 for dense or compacted soil. 

w = soil density, Ib/in? 

D = pipe outside diameter, in 

N, = a dimensionless horizontal force factor from Fig. 8 of Ref. 61. For a 
typical value where the soil internal friction angle is 30°, the curve from 
Ref. 61 may be approximated by a straight line defined by 


N, = 0.285 H/D + 4.3 
where H = the depth of pipe below grade at the pipe centerline, in 


For pipe movement upward or downward, the procedures recommended in Ref. 
63 may be applied. Conservatively, the resistance to upward movement may be 
considered the same as for horizontal movement with additional consideration for 
the weight of the soil. Resistance to downward movement may conservatively be 
considered as rigid for most expansion stress analysis. 

Unit Friction Force at the Pipe/Soil Interface f. 


f = u(P.Ac + Wp) Ib/in (B4.73) 
where u = coefficient of friction between pipe and soil 
P, = confining pressure of soil on pipe, psi 


A, = surface area of a pipe segment, in? 
W, = unit weight of pipe and contents, lb/in 


For piping which is buried within 3 pipe diameters of the surface, confining 
pressure P, may be estimated by 


P, = wH lb/in? 


where w = the soil density, lb/in 
H = the depth below grade, in 
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For piping which is buried more than 3 pipe diameters below grade, confining 


pressure P, is found by using the modified Marston equation”: 


P, = wCpBp lb/in? 


where Cp 


a dimensionless parameter obtained from Table B4.15 


By = the trench width, with a maximum value of 24 in plus the pipe diameter 


TABLE B4.15 Approximate Safe Working Values of Cp for Use 


in Modified Marston Formula 


Damp topsoil and Damp Saturated 
Ratio dry and Saturated yellow yellow 
HIBy wet sand topsoil clay clay 
0.5 0.46 0.47 0.47 0.48 
1.0 0.85 0.86 0.88 0.90 
1.5 1.18 1.21 1.25 1:27 
2.0 1.47 1.51 1.56 1.62 
2:5 1.70 TT 1.83 1.91 
3.0 1.90 1.99 2.08 2.19 
3.5 2.08 2.18 2.28 2.43 
4.0 2:22 2.35 2.47 2.65 
4.5 2.34 2.49 2.53 2.85 
5.0 2.45 2.61 2.19 3.02 
5.5 2.54 2.72 2.90 3.18 
6.0 2.61 2.91 3.01 3.32 
6.5 2.68 2.89 3.11 3.44 
7.0 2.73 2.95 3.19 3.55 
7.5 2.78 3.01 3.27 3.65 
8.0 2.82 3.06 3.33 3.74 
9.0 2.88 3.14 3.44 3.89 
10.0 2.92 3.20 3.52 4.01 
11.0 2.95 3.25 3.59 4.11 
12.0 2.97 3.28 3.63 4.19 
13.0 2.99 3.31 3.67 4.25 
14.0 3.00 3.33 3.70 4.30 
15.0 3.01 3.34 3.72 4.34 
oo 3.03 3.38 3.79 4.50 


Pipe/Soil System Characteristic? 


B = IK/AED]" in^! 


where k = soil modulus of subgrade reaction Kk, or k,, psi 


E — Young's modulus for pipe, psi 
I = area moment of inertia for pipe, in* 


Minimum Slippage Length L, 


Ly —&£AEJ/f in 


where A = pipe cross-section area 


(B4.74) 


(B4.75) 
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Maximum Axial Force F,,. in the Longitudinal Pipe Run. The maximum 
axial force in a pipe long enough for friction force to develop to the point where 
a region of the pipe is totally restrained longitudinally by the soil is found by 


Fmax = flim = AE lb (B4.76) 


Classification of the Pipe Runs 


Purpose. The classification and subclassification of the buried pipe elements 
is used in choosing the proper equation for effective slippage length L’ or L" which 
is then used in calculating piping forces and stresses. The pipe segment identified 
by the dimension L’ or L” always begins at either an elbow, bend, tee, or branch 
connection and terminates at the point (described below as the virtual anchor) at 
which there is no slippage or relative movement at the pipe/soil interface. 

Classification of the Pipe Elements. It is in the bends, elbows, and branch 
connections that the highest stresses are found in buried piping subject to thermal 
expansion of the pipe. These stresses are due to the soil forces that bear against 
the transverse run (the run running perpendicular or at some angle to the direction 
of the pipe expansion). The stresses are proportional to the amount of soil deforma- 
tion at the elbow or branch connection. 

Piping elements are divided into three major categories depending upon what 
type of transverse element is being analyzed, as follows: 


Category A. Elbow or bend (see Fig. B4.27) 


Influence 
length 


FIGURE B4.27 Element category A, elbow or bend. 


Category B. Branch pipe joining the longitudinal run (see Fig. B4.28) 


Influence 


EE 
length LU 


FIGURE B4.28 Element category B, branch pipe joining 
the P leg. 


Category C. Longitudinal run ending in a tee (see Fig. B4.29) 


Actual 
A or 
virtual 
Influence anchor 
length 


FIGURE B4.29 Element category C, tee on end of P leg. 
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Category D. Straight pipe, no branch or transverse run (see Fig. B4.30) 


f P leg p Actual 

5 ———— A» ll» lA or 

S Z virtual 

{Note(1)] anchor 
= t——>| 

NOTE: 


(1) Expansion joint pressure load plus 
sliding or convolution loads. 


FIGURE B4.30 Element category D, straight pipe. 


Categories A, B, and C are further divided into three subcategories depending 
on the configuration of the pipe run at the end opposite that being analyzed. The 
piping elements are classified as follows: 


Al, B1, C1. Other end free or terminating in a flexible coupling or joint 
A2, B2, C2. Other end contains an elbow or tee 
A3, B3, C3. Other end is anchored 


Category D elements include straight runs between an anchor (either actual or 
virtual) and a free end or a pipe section that is connected to an expansion joint. 

The elements are further broken down into subtypes depending upon whether 
the longitudinal run (the pipe or P leg) and the transverse run (called the T leg) 
are long or short with respect to certain criteria. The transverse or T leg is the run 
against which the soil bears, producing an in-plane bending moment in elbow, 
branch, or tee. (Category D elements have no transverse leg.) 

The strict criterion for a long or short transverse leg is whether the length of 
the transverse run L, is longer or shorter than 37/48, the length at which the 
hyperbolic functions in Hetenyi’s equations,” approach unity. The critical value for 
L; is often called the influence length, or that portion of transverse or T run which 
is deflected or "influenced" by seismic soil strain or pipe thermal expansion along 
the axis of the longitudinal or P run. In practice, a critical influence length L, of 
1/8 to 1.2/8 may often be used, since there is very little deformation or load in 
that portion of the transverse run which exceeds this length. This implies that the 
vast majority of the bearing load on the transverse or T leg occurs in the first several 
feet of the pipe at the bend or branch. In summary, a transverse pipe is “long” if 


L| > 37/48 (conservative) 


or 


Lı > 1/6 to 1.2/B (usually acceptable) 


The criterion for a short or long P leg is whether its length L, is sufficiently long 
to experience the maximum force that can develop at the friction interface. For 
full maximum friction force (Fina, = £AE) to occur in a straight pipe axially free at 
each end, its length L; would have to equal or exceed 2L,, with L,, calculated by 
Eq. (B4.75). If one end terminates in an elbow or a tee, with the other end remaining 
axially unrestrained, the total length L, necessary for full friction to develop is 
L" + Lm the friction force over L,, is equal to the soil bearing force S plus the 
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friction force acting on the length L’ or L”, which is called the effective slippage 
length. 'The effective slippage length is the maximum length along which slippage 
occurs at the pipe/soil interface of a pipe with a transverse leg or branch. The 
effective slippage length L” for long pipes with long transverse legs is calculated by 


L” = Q[(1 + 2Fmax/f Q2)? — 1] in (B4.77) 


where Q = AEB/k and F, is calculated by Eq. (B4.76). 

Equation (B4.77) applies to bends, tees, and branches. Although Eq. (B4.77) 
was developed for the case where L, = L” + Lm, it applies also for any case where 
L, > L" + Lm, since the length of the region where there is zero slippage at the 
friction interface is immaterial.9 Using L” as calculated by Eq. (B4.77), it can now 
be established that a P leg is classified long if it meets these criteria: 


1. For Types A1, B1, C1, L, = Ly, + L^ 
2. For Types A2, B2, C2, L, = 2 L"; 
3. For Types A3, B3, C3, D L, = L". 


That point which is located a distance L' or L" from the bend, branch, or tee, 
is called the virtual anchor, since it acts as if it were a three-axis restraint on the pipe. 

Locating the Virtual Anchor. Calculation of the forces and moments in buried 
piping at the changes in direction requires that the location of the virtual anchor 
(the effective slippage length L' away from the bend or branch element) in the P 
run and the deformation 6 of the soil at the buried element be established. For 
elements of all types with long P legs, L" may be calculated by Eq. (B4.77). 

For Types A1, B1, and C1 elements (with one end of the P leg free or unrestrained 
axially) with “short” P legs, L’ must be found by a less direct method as follows$*: 


L' = [—b + (P? — 4ac)?]/2a in (B4.78) 
where a — 3f/(2AE) 


b =e — fL,/(AE) + 2f8lk 
c = -fBLy/k 


However, the most highly stressed runs in a buried piping system typically are 
restrained at both ends, either by a combination of transverse runs or a transverse 
run and an anchor (either real or virtual). 

For Types A2, B2, and C2 elements with short P legs, L’ is expressed by 


L' = L5/2in (B4.79) 


For Types A3, B3, C3, and D elements with short P legs, L' is expressed by 
L'— Lin (B4.80) 


Computer Modeling of Buried Piping 


Determination of Stresses. With f, k, and L' or L” established, the stresses in a 
buried pipe due to thermal expansion can be determined with a general purpose 
pipe stress computer program. A buried piping system can be modeled with a 
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typical mainframe or microcomputer pipe stress program by breaking the buried 
portions into elements of convenient length and then imposing a transverse spring 
at the center of each element to simulate the passive resistance of the soil. The 
entire pipe can be divided into spring-restrained elements in this manner; however, 
the only regions of the pipe that really need to be modeled in this manner are the 
lengths entering and leaving elbows or tees. The analyst should refer to the program 
users' manual for guidance in modeling soil springs. 

All pipe stress computer programs with buried piping analysis options require 
that the following factors be calculated or estimated: 


1. Location of the virtual anchor (dimension L' or L") 


2. Soil spring rate k; ;, which is a function of the modulus of subgrade reaction k. 


Z7 
3. Influence length, also a function of k. 


Some programs ignore the friction at the pipe/soil interface; this is conservative 
for calculating bending stresses on the buried elbows and branch connections, but 
may be unconservative for calculating anchor reactions. 


Determination of Element Lengths. The element lengths and transverse soil spring 
rates for each element are calculated by the following procedure: 


1. Establish the element length dL and the number n of elements, as follows: 
(A) Set the element length to be equal to between 2 and 3 pipe diameters. 
For example, dL for a NPS 6 may be set at either 1 ft or 2 ft, whichever is more 
convenient for the analyst. 
(B) Establish the number n of elements by: 


n = (31/AB)/dL (B4.81) 


This gives the number of elements, each being dL inches in length, to which springs 
are to be applied in the computer model. The number 7 of elements is always 
rounded up to an integer. 


2. Calculate the lateral spring rate k; ; to be applied at the center of each element. 


kj, = kdL Ib/in (B4.82) 


where k = the modulus of subgrade reaction calculated from Eq. (B4.72). 


3. Calculate the equivalent axial load necessary to simulate friction resistance 
to expansion. The friction resistance at the pipe/soil interface can be simulated in 
the computer model by imposing a single force F; in a direction opposite that of 
the thermal growth. 


Fr = fL'[2 or fL"/2 1b (B4.83) 


4. Incorporate the springs and the friction force in the model. The mutually 
orthogonal springs k, ; are applied to the center of each element, perpendicular to 
the pipe axis. Shorter elements, with proportionally smaller values for the springs 
on these elements, may be necessary in order to model the soil restraint at elbows 
and bends. The friction force F; for each expanding leg is imposed at or near the 
elbow tangent node, opposite to the direction of expansion. 
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Determination of Soil Parameters. Soil parameters are difficult to establish accu- 
rately due to variations in backfill materials and degree of compaction. Conse- 
quently, values for elemental spring constants on buried pipe runs can only be 
considered as rational approximations. Stiffer springs can result in higher elbow 
stresses and lower bending stresses at nearby anchors, while softer springs can have 
the opposite effects. Backfill is not elastic; testing has shown that soil is stiffest for 
very small pipe movements, but becomes less stiff as the pipe movements increase. 
References 61, 63, and 66 discuss soil stiffness and recommend procedures for 
estimating values for k which are consistent with the type of soil and the amount 
of pipe movement expected. The analyst should consult the project geotechnical 
engineer for assistance in resolving any uncertainties in establishing soil parameters, 
such as the modulus of subgrade reaction k, confining pressure p., and coefficient 
of friction u. 


Pipe with Expansion Joints. An expansion joint must be considered as a relatively 
free end in calculating stresses on buried elbows and loads on anchors. Since 
incorporation of expansion joints or flexible couplings introduces a structural discon- 
tinuity in the pipe, the effects of the unbalanced pressure load and the axial joint 
friction or stiffness must be superimposed on the thermal expansion effects in order 
to determine the maximum pipe stresses and anchor loads. 


Pipe Stresses at Building Penetrations. Stresses at building penetrations can be 
calculated easily after the reactions due to thermal expansion in the buried piping 
have been determined. If the penetration is an anchor, then the stress due to the 
axial force Fmax and the lateral bending moment M can be found by 


Sp = Fmax/A + M/Z psi (B4.84) 


If the penetration is not an anchor, but is instead a simple support with a flexible 
water seal, it is necessary to determine the stiffness affects of the water seal material 
in order to calculate the stress in the pipe at the penetration. Differential movement 
due to building or trench settlement can generate high theoretical stresses at piping 
penetrations to buildings. Calculation of such stresses is beyond the scope of this 
section. 


Allowable Stress in Buried Pipe 


Buried piping under axial stress can theoretically fail in one of two ways: either by 
column buckling (pipe pops out of the ground at midspan) or local failure by 
crippling or tensile failure (much more serious than column buckling). Since buried 
piping stresses are secondary in nature, and since the piping is continuously sup- 
ported and restrained (see Fig. B4.31), higher total stresses may be permitted 


20 ft 
"3i Pipe : NPS 12 
© ls Material : SA-106 Grade B C.S. 


Depth below grade : 12 ft 
© 100 ft Trench width : 3 ft 


© 


L.R. elbow A 
(typical) 400 ft 


FIGURE B4.31 Plan of example buried pipe. 
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as follows: 


Sc € Sa S, (B4.85) 


where S, and S, are as defined in Para. 102.3.2 of B31.1 Code. 
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INTRODUCTION 


The correct and economical selection of the supports for any piping system usually 
presents difficulties of varying degrees, some relatively minor and others of a more 
critical nature. Proper support selection should be the objective of all phases of 
design and construction. 

Many pipe support problems may be minimized or avoided if proper attention 
is given to the means of support during the piping layout design phase. The piping 
designer's familiarity with support problems, accepted practices, and commercially 
available pipe support components and their applications is extremely important. 
Good pipe support design begins with good piping design and layout. For example, 
other considerations being equal, piping should be routed to use the surrounding 
structure to provide logical and convenient points of support, anchorage, guidance, 
or restraint, with space available at such points for use of the proper component. 
Parallel lines, both vertical and horizontal, should be spaced sufficiently apart to 
allow room for independent pipe attachments for each line. 

Pipe support specifications for individual projects must be written in such a way 
as to ensure proper support under all operating and environmental conditions and 
to provide for slope, expansion, anchorage, and insulation protection. Familiarity 
with standard practices, customs of the trade, and types and functions of commercial 
component standard supports and an understanding of their individual advantages 
and limitations, together with knowledge of existing standards, can be of great help 
in achieving the desired results. 


Reference Codes and Standards 


In the United States the pipe support standards and their publishers are 


* MSS SP-58, Materials and Design of Pipe Supports 
* MSS SP-69, Selection and Application of Pipe Supports 
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* MSS SP-89, Fabrication and Installation of Pipe Supports 

* PFI ES-26, Welded Load Bearing Attachments to Pressure Retaining Boundaries 
* WRC Bulletin 198 

* National Fire Protection Association (NFPA) 

* American Welding Society (AWS) 

* American Institute of Steel Construction (AISC) 


In Britain the pipe support standards are 


* BS 3974, Specification for Pipe Supports, Parts 1, 2, and 3 
* BS 5135, Process of Arc Welding of Carbon and Carbon Manganese Steels 


In Germany the pipe support standards are 


* VGB-R510L 


* DIN EN 288, Specification and Approval of Procedures for Welding Metallic Mate- 
rials 


In Japan it is Meeting Notification 501. 
Piping systems must comply with the code(s) of jurisdiction. 


Unless complete design details are provided by the engineer or piping system 
layout designer, the final responsibility for selection and design of pipe supports 
capable of completely satisfying the system requirements and job specifications 
rests with the pipe support engineer and/or designer. Any piping system is inopera- 
ble until the pipe hangers and supports have been selected and installed. Experience 
shows that a high percentage of pipe support problems cannot be recognized during 
a cursory examination of the piping drawings but await a detailed analysis by those 
responsible for the design of the support and the preparation of specific material 
lists and details. In the interest of properly coordinating support installations with 
the piping erection schedule, priority should be given to the selection, design, and 
procurement of pipe support components. 

The dollar value of the support system is generally outweighed many times by 
the value of pipe, valves, and fittings which are to be supported. Failure to allow 
sufficient time for the design, procurement, and fabrication of the supports can lead 
to costly erection delays and the use of temporary supports. 

Pipe supports are generally identified by a specification type number, such as a 
type 3 double-bolt pipe clamp, as in MSS SP-58, or by a manufacturer's part number, 
a descriptive name, and size. The latter depends upon the type of component; e.g., 
pipe attachments, such as clamps, are prescribed by pipe size, upper attachments 
are identified by rod size, and variable springs are sized by the calculated load to 
be supported. In addition, pipe support components vary in their load-carrying 
capacity. The load capacity of each type of pipe support component is given in 
most manufacturers' catalogs, load capacity data sheets, or design report summaries. 
Various components and their functions will be discussed in greater detail in subse- 
quent sections. 


General Design Considerations 


Hangers and supports must be designed to meet all static as well as dynamic 
operational conditions to which the piping and equipment may be subjected. The 
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support system must provide for and control, subject to the requirements of the 
piping configuration, the movement due to the thermal expansion and contraction 
of the piping and connected equipment. Proper design necessitates a thorough 
knowledge of the complete cyclical behavior of each section of piping to be sup- 
ported as well as an awareness of the proximity of the pipe with respect to building 
structure, other piping systems, and equipment in the immediate vicinity. 

A substantial reduction in the complexity of support design can be realized when 
piping support requirements are coordinated properly with the plant and piping 
design phases. Initial plant design should recognize that the support designer re- 
quires access to the piping, sufficient space in which to install the supporting equip- 
ment, and adequate structure from which to support the piping. Ideally the support 
designer should have the opportunity to offer comments on the piping design from 
the initial layout. 

Starting with any given set of piping and structural drawings, it is necessary for 
the support designer to become familiar with the overall design concept and any 
special requirements that may be called for in the specifications. 


* When one is dealing with a number of piping systems in an area, it is advisable 
to superimpose the piping (using a single-line representation) on the structural 
drawings. 


* A preliminary study very often reveals that consideration has been given to the 
supporting phase and provisions have been made in the form of steel work 
patterns, anchor bolts or inserts in concrete, or runs of piping purposely routed 
near suitable supporting structure. Naturally, full advantage should be taken of 
such conditions. 


* The piping should also be studied from the standpoint of possibly coordinating 
supports for one system or pipe run with those of another, thereby providing an 
orderly supporting arrangement. On the other hand, it may also be necessary, 
because of loading conditions, to purposely stagger supports in order to distribute 
the loads on the supporting structures. 


All the above should be determined prior to the start of detailed support design 
for any piping system. 

Once a tentative overall pattern of supports for a particular area has been 
established, it is advisable to begin specific design with the most critical or largest 
piping systems, thereby reserving the best possible supporting conditions for the 
most critical lines. 


Location of Supports 


Of prime consideration in design is the determination of support location. Although 
supports are located ideally to suit the requirements of the piping configuration, 
some degree of compromise may be required to take the fullest advantage of the 
available supporting structure. First the piping system should be investigated as a 
whole. With the use of the allowable support spacing as dictated by code, practice, 
or special calculation (see Chap. B4), the support points are tentatively located, 
taking into consideration division of straight runs, concentrated loads, elimination 
of excessive overhanging sections or bends, and loads on terminal connections. 
Next, the tentative locations are compared with the available supporting struc- 
ture, modified as required, and recorded on the superimposed piping previously 
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sketched on the structural drawings. The recording of each support location, along 
with an indication of any supplementary steel required, serves as a valuable aid in 
checking clearances and coordinating supports during the course of design, espe- 
cially when a number of designers are working on the same project. 

It should be emphasized that the location of pipe supports is an iterative process 
in which several support configurations are investigated in succession, with the 
results of the analysis of one configuration being factored into the selection of the 
next configuration, until a satisfactory solution is reached. 


Loading Considerations 


Once a satisfactory pattern of support locations has been established, the next step 
is to determine the loading and movement conditions existing at each support 
point. Here, coverage will be confined to the general considerations regarding only 
loads and movements. Recommended methods for obtaining or calculating specific 
loads and movements are covered later under “Determination of Loads and Move- 
ments." 

The magnitude and direction of the design load as determined by the methods 
of Chap. B4 are used to select and design the proper support or restraint at each 
selected point along the piping system. 


Seismic, Dynamic, or Other Loadings 


The design of pipe support components and structural steel must include provisions 
for seismic, dynamic, or other occasional loadings where required. Applicable codes 
generally permit some increase in allowable stresses for seismic and dynamic loading 
conditions. Spring supports should be evaluated to determine if additional dynamic 
movement can be tolerated; if not, additional means such as limit stops or dynamic 
snubbers may be required. 


Overloading from Various Causes 


ASME B31.1, Power Piping Code, allows an increase in the allowable stress values 
of 20 percent for short-time overloading during operation. However, it is appropriate 
to point out that where there is a possibility of two or more causes of short-time 
overloading (e.g., ice, wind, seismic shock, or vibration) occurring simultaneously, 
the combined overloading in excess of 20 percent must be added to the design load. 


DETERMINATION OF SUPPORT LOCATIONS 


Support locations are dependent on many considerations, such as pipe size, piping 
configuration, the location of heavy valves and fittings, and the structure that is 
available for support. No firm rules or limits exist which will positively fix the 
location of each support in a piping system. Instead, the engineer must exercise 
judgment to determine appropriate support locations. 


PIPING SUPPORTS 


TABLE B5.1 Suggested Piping Support Spacing 
Suggested maximum span, ft (m) 
NPS (DN) Water service Steam, gas, or air service 
1 (25) 7 (2.13) 9 (2.74) 
2 (50) 10 (3.05) 13 (3.96) 
3 (80) 12 (3.66) 15 (4.57) 
4 (100) 14 (427) 17 (518) 
6 (150) 17 (5.18) 21 (6.40) 
8 (200) 19 (5.79) 24 (7.32) 
12 (300) 23 (7.01) 30 (9.14) 
16 (400) 27 (8.23) 35 (10.7) 
20 (500) 30 (9.14) 39 (11.9) 
24 (600) 32 (9.75) 42 (12.8) 


Pipe Support Spacing 
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The suggested maximum spans between supports listed in Table B5.1 reflect the 
practical considerations involved in determining support spacings on straight runs 
of standard wall piping. The spans are based on a combined bending and shear 
stress of 1500 psi (10.35 MPa) when the pipe is filled with water, and 140- in (2.54- 


TABLE B5.2 Gravity Steel Pipe Support Spacing (Contents — Water) 


Pipe span, ft-in (m) 


Nominal 1-in 1%-in 2-in 
pipe size, Pipe (25 mm) (40 mm) (50 mm) 

NPS (DN) sch. No insul. insul. insul. insul. 
40 6-8 (203) 5-4 (1.63)  46(1.37) 3-11 (1.19) 
Vo (15) 80 6-7 (201) 5-5 (L65) 47(140 40 (122) 
160 6-4 (193) 5-5 (1.65) 49(1.45) 42 (127) 
40 7-5 (226 63 (191) 5-6(168) 4-10 (1.47) 
Ya (20) 80 7-5 (226) 6-4 (1.93) 5-8 (1.73) 54 (1.55) 
160 7-3 (2.21) 64 (193  5-9(1.75) 52 (1.57) 
40 8-3 (251 7-0 (213)  64(193) 5-9 (175) 
1 Q5) 80 8-3 (2.51) 7-3 (221 68(2.03) 64 (1.85) 
160 81 (246) 7-3 (221 6-9(2.06) 62 (1.88) 
40 8-3 (251 7-0 (213) 6-4 (1.93) 5-9 (175) 
14 (32) 80 8-3 (2.51) 7-3 (2.21) 6-8 (2.03) 61 (1.85) 
160 81 (2.46) 73 (2.21) 6-9(2.06) 62 (1.88) 
40 9-10 (3.00) 8-9 (2.67) 8-1 (2.46) 73 (2.21) 
1% (40) 80 9-10 (3.00) — 9-1 (277 8-6 (2.59) 7-7 (231) 
160 9-11 (3.02) 92 (279) 8-8 (2.64) 7-11 (2.41) 
40 10-9 (328) 9-10 (3.00) 9-3 (2.82) 87 (2.62) 
5 (50) 80 — 11-1 (3.38) 102 (310)  9-9(297) 92 (2.79) 
160 — 11-1 (338) 10-5 (318)  10-0(3.05) 9-6 (2.90) 
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mm) sag is allowed between supports. Table spans do not apply where concentrated 
weights such as valves or heavy fittings exist, or where changes in direction of the 
piping system occur between support points. 

Supports should be placed as close as possible to concentrated loads in order 
to keep piping stresses to a minimum. Where changes in piping direction occur 
between supports, it is good practice to keep the total length of pipe between the 
supports equal to or less than 0.75 times the full spans listed in Table B5.1. When 
practical, a support should be located immediately adjacent to any change in direc- 
tion of the piping. 

For economy in the support of low-pressure, low-temperature systems, support 
spans may be based on the code-allowable total stresses of the pipe and the amount 
of allowable deflection between supports. 

In steam lines with long spans, the deflection caused by piping weight may be 
large enough to cause an accumulation of condensate at the low points. During 
plant start-up, these pockets of condensate can cause flashing and can result in 
undesirable dynamic loads on the system. Natural drainage can be provided by 
erecting the line with a slope in such a manner that succeeding supports are lower 
than the points of maximum deflection in preceding spans. 

For fluids other than water, the bending stress can be found by using the formulas 
in Chap. B4. Spans for typical small-diameter piping based on the equations in 
Chap. B4 are found in Tables B5.2 and B5.3. 


TABLE B5.3 Gravity Steel Pipe Support Spacing (Pipe Empty, Air, Steam) 


Pipe span, ft-in (m) 


1-in 1%-in 2-in 
(25 mm) (40 mm) (50 mm) 

NPS (DN) Pipe sch. No insul. insul. insul. insul. 
40 7-1 (2.16) 5-6 (1.68) 4-7 (1.40) 4-1 (1.24) 
L^ (15) 80 6-10 (2.08) 5-6 (1.68) 4-9 (1.45) 4-2 (1.27) 
160 6-7 (2.01) 5-6 (1.68) 4-9 (1.45) 4-3 (1.30) 
40 8-1 (2.46) 6-8 (2.03) 5-9 (1.75) 5-0 (1.52) 
94 (20) 80 7-10 (2.39) 6-8 (2.03) 5-10 (1.78) 5-2 (1.57) 
160 7-5 (2.26) 6-7 (2.01) 5-10 (1.78) 5-4 (1.63) 
40 9-2 (2.79) 7-6 (2.29) 6-9 (2.06) 6-0 (1.83) 
1 (25) 80 8-10 (2.69) 7-7 (2.31) 6-11 (2.11) 6-3 (1.91) 
160 8-6 (2.59) 7-5 (2.26) 6-11 (2.11) 6-4 (1.93) 
40 9-2 (2.79) 7-6 (2.29) 6-9 (2.06) 6-0 (1.83) 
1A (32) 80 8-10 (2.69) 7-7 (2.31) 6-11 (2.11) 6-3 (1.91) 
160 8-6 (2.59) 7-5 (2.26) 6-11 (2.11) 6-4 (1.93) 
40 11-3 (3.43) 9-9 (2.97) 8-11 (2.72) 7-8 (2.34) 
1% (40) 80 11-0 (3.35) 9-10 (3.00) 9-2 (2.79) 8-1 (2.46) 
160 10-6 (3.20) 9-7 (2.92) 9-2 (2.79) 8-3 (2.51) 
40 12-8 (3.86) 11-2 (3.40) 10-4 (3.15) 9-6 (2.90) 
2 (50) 80 12-5 (3.78) 11-3 (3.43) 10-7 (323) 9-11 (3.02) 


160 11-10 (3.61) 11-0 (3.35) 10-6 (320) 10-0 (3.05) 
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DETERMINATION OF LOADS AND MOVEMENTS 


The anticipated movement at each support point dictates the basic type of support 
required. Each type of support selected must be capable of accommodating move- 
ments obtained by one of the methods outlined later in this section. It is a good 
practice to select first the most simple or basic rigid support type and to add to the 
complexity only as conditions warrant. No advantage will be realized in upgrading 
a support when a simpler, more economical type can be shown to satisfy all the 
design requirements. Both vertical and horizontal movement must be evaluated. 

When piping vertical movement is small, the use of simple rod hangers should 
be adequate. With small vertical movement and significant horizontal movement, 
the simple rod hanger will still suffice, provided the overall length is sufficient to 
keep the angular swing of the rod within reasonable limits—normally accepted as 
being 4? from the vertical. When one is calculating the total movement experienced 
by the support, both horizontal displacements and the vertical displacement must 
be combined and normalized to the axis of the support. Consideration should be 
given to relocating the upper connection some percentage (usually two-thirds) of 
the total movement as a means for reducing the angularity in the hot position. For 
piping supported from below, some form of slide must be incorporated to provide 
for the horizontal movement; or, in the case of ensured longitudinal movement, a 
pipe roll may be used. Rollers are usually only used on long runs of piping supported 
on racks such as found in refinery piping. Suspended hangers with considerable 
horizontal movement and low headroom will require either single- or double- 
direction trolleys or rollers. Where both longitudinal and lateral movements are 
large, consideration may be given to the use of a single-direction trolley oriented 
on the resultant movement vector. 


Use of Variable Spring and Constant Spring Supports 


Piping which is subject to significant vertical movement requires the incorporation 
of variable springs or constant support springs. Variable supports will normally 
suffice for spring hangers except for certain systems in power plants, refineries, and 
some specialized lines in process and chemical plants which may have large vertical 
movements where the change in load between installed and operating is unaccept- 
able. (In these cases, the use of constant supports is required.) As the name variable 
support implies, the supporting effect varies in relation to the vertical movement 
of the suspended piping and the resultant compression or extension of the spring 
coil. The change in supporting force is in proportion to the spring rate and to the 
amount of movement. When variable supports are used, the loss or gain in support- 
ing force should be considered with respect to added stress on the piping system. 
For normal installations, various industries have established conventions concerning 
the use of variable spring supports and constant spring supports which may be 
regarded as standard practice. For example, the following would be conventional 
guidelines for power plant piping: 

At support locations subject to vertical movement, springs of suitable design to 
prevent excessive variation in supporting effect should be used to provide for the 
movement. The amount of variation that can be tolerated should be based on such 
considerations as pipe-bending effect, control of piping elevation, and allowable 
terminal connection loadings. In general, the deviation in supporting effect should 
be limited to +6 percent for systems such as main steam, hot and cold reheat, 
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extraction lines over 750°F (400°C), discharge in the vicinity of the pumps, and 
boiler terminal connection. On other systems, the variations in supporting effect 
should be limited to 25 percent. 

For all systems, a greater allowance in percentage variation is permissible at 
points of support where the variation in supporting effect is transferred directly 
to a rigid support or terminal connection specifically designed for the resulting 
loading condition. 

When the load and movement at each selected support location are determined, 
detailed design of the individual supports can be undertaken. The movement deter- 
mines the basic type of support (such as spring or rigid, slide or roller); the piping, 
its temperature, and ambient temperature determine the pipe attachment and re- 
maining support material, respectively; the proximity to supporting structure and 
available clearance determines the support configuration such as single- or double- 
rod hanger, stanchion, or bracket-type support; and the load determines the required 
size for each component of the support. 

The design should take full advantage of commercially available load-rated and 
tested support components to the greatest extent possible. An effort should be 
made to maintain uniformity and simplicity in design. The support should be func- 
tional, provide means for piping elevation adjustment, and be easily installed using 
normal field labor and equipment. 

For economic reasons, the use of commercial catalog items available from piping 
support manufacturers eliminates the need for detail design of the numerous types 
and varying sizes of components required to complete a typical piping support instal- 
lation. 


MSS SP-58 Hanger and Support Types 
Refer to Fig. B5.1. 


Type 1 Adjustable steel clevis hanger 
A pipe attachment for suspension of horizontal stationary lines and 
providing a means for vertical adjustment. 

Type 2 Yoke-type pipe clamp 
A pipe attachment for suspension of horizontal stationary insulated 
lines. This type of clamp is also made to accommodate pipe of nonstan- 
dard size when designed with a filler plate. 


Type 3 Carbon- or alloy-steel three-bolt pipe clamp 
A pipe attachment for suspension of horizontal stationary lines. 


Type 4 Steel pipe clamp 
A pipe attachment for suspension of horizontal stationary insulated 
lines. 


Type 5 Pipe hanger 
A pipe attachment for suspension of horizontal stationary lines either 
using a hanger rod or bolting to wall from the T slot provided in the 
side of the strap. 
Type 6 Adjustable swivel pipe, split ring type or solid ring type 
A pipe attachment for suspension of horizontal stationary lines. 
Type 7 Adjustable steel band hanger 
A pipe attachment for suspension of horizontal stationary lines and 
providing a means for vertical adjustment. 


PIPING SUPPORTS 


| D 
" 


C> 


TOP BEAM TOP |- BEAM CLAMP 
ADJ STEEL CLEVIS ADJ.STEEL BAND HGR STEEL TURNBUCKLE C- CLAMP TYPE-25 
TYPE-i TYPE-7 TYPE-13 TYPE-(9 
LIGNT WELDED STEEL 
c BRACKET 
- TYPE-31 
MEDIUM WELDED STEEL 
FI. BRACKET 
: TYPE-32 
HEAVY WELDED STEEL 
ALLOY STEELPIPECLAMP EXTENSION PIPE OR — STEEL CLEVIS SIDE l- BEAM cLIP BASKET 
E-2 RISER CLAMP TYPE- 14 OR CHANNEL CLAMP TYPE-26 
TYPE-8 TYPE-20 
in: e 


Dr 


«Os 
Co 


CARBON OR ALLOY 
STEEL DOUBLE BOLT ADJ. BAND HGR. SWIVEL CENTER I- BEAM SIDE I- BEAM CLAMP SIDE BEAM BRACKET 
PIPE CLAMP TYPE-9 TURNBUCKLE TYPE-21 YPE-27 TYPE-34 
TYPE-3 oa TYPES 
H 
m] = 
STEEL PIPE CLAMP ADJ. SWIVEL RING SOCKET ONLY FOR WELOED ATTACHMENT STEEL {BEAM CLAMP 
TYPE-4 BAND TYPE SPLIT RING TYPE-22 W/EYE NUT PIPE SLIDE & 
TYPE-10 TYPE-16 AS SHOWN OR TYPE-28 $LIDE PLATE 
INVERTED LESS BOLT TYPE-38 


m 


vy 


STEEL W. F. CLAMP PIPE SADE SUPPORT 


STEEL WELDLESS c- 
EYE NUT TYPE-23 wW EYE NUT 
TYPE-29 


PE- 
TYPE-i TYPE-I? 
n 
C 
—. s 
iH 


Dn 
© id 


CLAMP 


Co 


PIPE HANGER SPLIT PIPE RING W/WO 
TY 5 TURNBUCKLE ADJ. 


io 


ADJ.SWIVEL PIPE RING EXTENSION SPLIT STEEL OR MALLEABLE MALLEABLE BEAM CLAMP 
SPLIT RING TYPE OR PIPE CLAMP CONCRETE INSERT U-BOLT W/ EXTENSION PIECE PIPE md SADDLE 
SOLID. RING TYPE HINGED OR TWO BOLT TYPE-18 TYPE-24 TYPE-30 TYPE-37 

-1 


FIGURE B5.1 Type chart. 


Types of pipe supports (MSS SP-58). 


Type 8 Extension pipe or riser clamp 
A pipe attachment for suspension of vertcal stationary lines without 


the use of hanger rods. The transfer of piping load is accomplished by 
resting the ears of the clamp on a bearing surface. 


Type 9 Adjustable band hanger 
A pipe attachment for suspension of horizontal stationary lines. 
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FIGURE B5.1 (Continued) Type chart. 


Type 10 Adjustable swivel ring, band type 
A pipe attachment for suspension of horizontal stationary lines and 
providing a means for vertical adjustment. 


Type 11 Split pipe ring with or without turnbuckle adjustment 
A pipe attachment for suspension of horizontal stationary lines permit- 
ting installation before or after pipe is in place. 


Type 12 


Type 13 


Type 14 


Type 15 


Type 16 


Type 17 


Type 18 


Type 19 


Type 20 


Type 21 
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Type 23 
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Type 25 


Type 26 
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Extension split pipe clamp, hinged or two-bolt 
A pipe attachment for suspension of horizontal stationary lines used 
in conjunction with a pipe nipple. 


Steel turnbuckle 

A device with one left-hand internal threaded end and one right-hand 
internal threaded end, used to join two threaded rods and providing 
for vertical adjustment. 


Steel clevis 
A device which provides for the attachment of a threaded rod to a 
bolted or pinned connection. 


Swivel turnbuckle 
A device which provides flexibility at the pipe connection and a means 
of vertical adjustment. 


Malleable iron socket 
A. device for attaching threaded rods to various types of building 
attachments. 


Steel weldless eye nut 
A forged-steel device which provides for the attachment of a threaded 
rod to a bolt or pin connection. 


Steel or malleable concrete insert 
A cast-in-place device which provides for a rod attachment capable of 
nominal lateral adjustment. 


Top beam C-clamp 

A device requiring no welding which attaches to the top flange of a 
structural shape where the vertical rod is required to be offset from 
the edge of the flange. 


Side beam or channel clamp 

A device requiring no welding which attaches to the bottom flange of 
a structural shape where the vertical rod is required to be at the edge 
of the flange. 


Center beam 

A device requiring no welding which attaches to the bottom flange of 
a structural shape where the vertical rod is required to be centered on 
the structural shape. 


Welded beam attachment (as shown or inverted less bolt) 

A structural attachment welded to the bottom of steel beams and used 
as a means for connecting hanger rods to the beams. 

C-clamp 

A device requiring no welding which attaches to a flange of a structural 
shape and provides for attaching a threaded rod. 


U-bolt 
A U-shaped rod with threaded ends used as a support or guide. 


Top beam clamp 

A device requiring no welding which attaches to the top flange of a 
structural shape where the vertical rod is required to be at the edge 
of the flange. 

Pipe clip 

A pipe attachment for suspension of horizontal stationary lines by 
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bolting the clip directly to a structure. Also referred to as a pipe strap 
or strap. 

Side beam clamp 

A device requiring no welding which attaches to the bottom flange of 
a structural shape where the vertical rod is required to be offset from 
the center of the shape. 


Steel beam clamp with eye nut 

A device requiring no welding which attaches to the bottom flange of 
a structural shape where the vertical rod is required to be centered on 
the structural shape. 


Linked steel clamp with eye nut 

A device requiring no welding which attaches to the bottom flange of 
a structural shape where the vertical rod is required to be centered on 
the structural shape. 


Malleable beam clamp with extension piece 

A device requiring no welding which attaches to the bottom flange of 
a structural shape where the vertical rod is required to be centered on 
the structural shape. 


Light welded steel bracket 

A braced cantilever device intended for supporting a gravity load from 
rod-type hangers. This device is typically bolted to a wall and may be 
installed with the brace either above or below the horizontal member. 


Medium welded steel bracket 

A braced cantilever device intended for supporting maximum gravity 
loads and/or horizontal loads up to 1500 Ib (6670 newton, N). Loads 
may be applied anywhere along the main member. This device is 
typically bolted to a wall and may be installed with the brace above, 
below, or on either side of the main member. 


Heavy welded steel bracket 

A braced cantilever device intended for supporting maximum gravity 
loads and/or horizontal loads up to 3000 Ib (13,340 newton, N). Loads 
may be applied anywhere along the main member. This device is 
typically bolted to a wall and may be installed with the brace above, 
below, or on either side of the main member. 


Side beam bracket 
A device requiring no welding which attaches to the sides of steel or 
wooden members and provides a means for vertical adjustment. 


Pipe slide and slide plate 
A device for supporting piping having horizontal movements and where 
a low coefficient of friction is necessary. 


Pipe saddle support 
A device having a curved base for cradling horizontal pipe and which 
slips into a nominal diameter pipe stanchion. 


Pipe stanchion saddle 

A device having a curved base for cradling horizontal pipe and which 
slips into a nominal diameter pipe stanchion. The U-bolt yoke provides 
stability. 
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Adjustable pipe saddle support 

A device having a curved base for cradling horizontal pipe and which 
threads into a nominal diameter pipe stanchion. This device provides 
vertical adjustment. 


Steel pipe-covering protection saddle 
A device used on insulated piping which is designed to minimize heat 
losses and prevent damage to insulation. 


Protection saddle 

A metal device intended to prevent crushing of insulation and/or 
breaching of the vapor barrier. It is typically used at support points. 
Single pipe roll 

A device used for supporting horizontal piping from two rods, allowing 
for vertical adjustment and consisting of a roller that allows for axial 
movement with virtually no frictional resistance. 


Carbon- or alloy-steel riser clamp 

A pipe attachment for supporting vertical piping through the use of 
shear lugs welded to the pipe. Load bolts are provided to transfer the 
pipe load to the rod hanger assembly. 


Adjustable roller hanger with or without swivel 

A. device used for supporting horizontal piping from a single rod, 
allowing for vertical adjustment and consisting of a roller that allows 
for axial movement with virtually no frictional resistance. 


Pipe roll complete 

A device used for supporting horizontal piping where vertical adjust- 
ment is unnecessary and consisting of a roller that allows for axial 
movement with virtually no frictional resistance. 


Pipe roll and plate 
A device used to support horizontal piping, having minimal axial move- 
ment, from beneath and where no vertical adjustment is necessary. 


Adjustable pipe roll and base 
A device used to support horizontal piping, having axial movement, 
from beneath and where vertical adjustment is necessary. 


Restraint control device 

A rigid, mechanical, spring, or hydraulic device used for absorbing 
shock loading and/or controlling sway in piping systems. 

Spring cushion 

A. noncalibrated, rod-type, single-coil spring support used where a 
cushioning effect is desired. 


Spring cushion roll 

A noncalibrated, rod-type, double-coil rod spring support used where 
a cushioning effect is desired along with a pipe roll. 

Spring sway brace 

A spring device used for absorbing shock loading and/or controlling 
sway in piping systems. 

Variable spring hanger 

A device having a single-spring coil which supports the gravity loads 
of piping systems that are subjected to vertical thermal movements. 
This device produces a varying load when the piping moves from the 
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cold position to the hot position. This type of spring hanger supports 
the pipe from above. 

Variable spring base support 

A device having a single-spring coil which supports the gravity loads 
of piping systems that are subjected to vertical thermal movements. 
This device produces a varying load when the piping moves from the 
cold to the hot position. This type of spring hanger supports the pipe 
from below. 

Variable spring trapeze hanger 

A device having double-spring coils which support the gravity loads 
of piping systems that are subjected to vertical thermal movements. 
This device produces a varying load when the piping moves from the 
cold position to its hot position. This type of spring hanger supports 
the pipe from above with two rods. 

Constant support hanger, horizontal type 

A device having a single-spring coil working in conjunction with coun- 
terbalancing mechanisms to support the gravity loads of piping systems 
that are subjected to vertical thermal movements. This device produces 
a constant load when the piping moves from the cold position to the 
hot position. This type of constant hanger has the spring coil in the 
horizontal position and supports the pipe from above. 

Constant support hanger, vertical type 

A device having a single-spring coil working in conjunction with coun- 
terbalancing mechanisms to support the gravity loads of piping systems 
that are subjected to vertical thermal movements. This device produces 
a constant load when the piping moves from the cold position to the 
hot position. This type of constant hanger has the spring coil in the 
vertical position and supports the pipe from above. 

Constant support hanger, trapeze type 

A device having double-spring coils working in conjunction with coun- 
terbalancing mechanisms to support the gravity loads of piping systems 
that are subjected to vertical thermal movements. This device produces 
a constant load when the piping moves from the cold position to the 
hot position. This type of constant hanger has the spring coil in the 
vertical position and supports the pipe from below with two rods. 
Plate lug 

A structural attachment which provides a means of connecting rod- 
type hangers to structural steel members via a pin or bolt through the 
hole of the lug. 

Horizontal traveler 

A device which permits the structural attachment end of rod-type 
hangers to accommodate horizontal piping movements in conditions 
where offsetting of conventional structural attachments is not practical 
due to limited space. 


SELECTION OF PIPE-SUPPORTING DEVICES 


Piping Systems: Temperature Classification. Piping systems, for the purposes of 
this chapter, are divided into the following temperature categories, in order to 
provide a basis for the selection of supports, anchors, or restraints and guides. 
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1. Hot systems 
Hot systems operate above 120°F (49°C) and are grouped as follows: 
a. The temperature range is from 120 to 450°F (49 to 232°C). Typical examples 
are low-pressure steam, hot water, and certain process piping. 
For Type 1a systems, MSS-SP-58 support Types 1 and 3 through 12 are used 
for suspending from above. Rollers, used for supporting from below, should be 
MSS-SP-58 Types 41, and 43 through 46 with appropriate saddles of MSS-SP- 
58 Type 39; and sliding supports should be of MSS-SP-58 Types 35 through 38. 
b. The temperature range is from 450 to 650°F (232 to 343°C). Typical examples 
are boiler plant and industrial steam and hot-water piping systems. 
For Type 1b systems, MSS-SP-58 support Types 1, 3, 4, and 42 are used. Rollers 
should be of MSS-SP-58 Types 41 and 43 through 46, with appropriate saddles 
of MSS-SP-58 Type 39. 
c. The temperature ranges from 750°F (400°C) upward. A typical example is a 
high-pressure steam power plant piping system. 
For Type 1c systems, alloy supports are used as required by the line temperature. 
Supports should be of MSS-SP-58 Type 2, 3, or 42 with saddles of MSS-SP-58 
Type 39, and rollers of MSS-SP-58 Types 41 through 47. [In the temperature 
range 650°F (343°C) and higher, there is the possibility of metallurgical change 
if unalloyed carbon-steel components are used. It is suggested that those portions 
of hangers, anchors, and supports in direct contact with piping which operates 
at or above 650°F (343°C) be made of materials suitable for these extreme 
service temperatures. | 
2. Ambient systems 
Ambient systems are systems in which the contents of the line are not heated 
or cooled by mechanical means. Temperatures range up to 120°F (49°C). Plant 
air and service water are typical systems. 
For Type 2 systems, hangers can be of MSS-SP-58 Types 1 and 3 through 12, 
with supports of MSS-SP-58 Types 24, 26, and 35 through 38. 
3. Cold systems 
Cold systems typically operate below 70°F (21°C). 
a. The temperatures range from 32 to 70°F (0 to 21°C). A typical example is 
chilled water piping. Refer to Chap. C9. 
b. The temperature ranges from 32 to —20°F (0 to —29°C), as in brine systems. 
Refer to Chap. C9. 
c. Temperatures below —20°F (—29°C), as in cryogenic systems. Refer to 
Chap. C8. 
For Type 3 systems, the hanger or support must be outside the insulation, and 
the vapor barrier must be left undisturbed. An MSS-SP-58 Type 40 insulation 
protection shield (or similar device) must be used to distribute the loading on 
the insulation. Supports sized for the outside diameter of the insulation can be 
of MSS-SP-58 Type 1, 4, 6, 7, 9, 10, or 11. For Type 3c systems, the welded 
attachment must be of an alloy material which is compatible with the material 
of the piping system itself. 


Pipe Attachments. Supports for the various systems described above may be 
selected from Fig. B5.1. 


Pipe-Covering Protection Saddles. Where insulation is used on the piping system, 
it is frequently necessary to make some modification at the point of attachment of 
the support. Since different methods and practices exist for hot lines as contrasted 
tolow-temperature lines (chilled water and brine), they should be treated separately. 
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Caution must be exercised in the support of insulated piping to ensure that a 
firm attachment is provided. Particularly, with respect to high-temperate lines, 
provision in the form of pipe protection saddles is made to ensure that the pipe 
supports do not become overheated. Protection saddles, Type 39 for use with high- 
temperature insulation, should be 12 in (305 mm) long and have approximately 60? 
of arc. Metal is normally % in (3 mm) thick for pipe sizes up to 5 in (125 mm) and 
34e in (5 mm) thick for larger pipe sizes. These saddles and matching rollers are 
available commercially for most sizes and insulation thicknesses. Refer to Chap. 
B7 for insulation thicknesses. 

For support from above, either a conventional type of pipe clamp may be used 
directly on the pipe and the arms of the clamp (MSS-SP-58 Type 3) extended 
outside the insulation, or a larger clamp (MSS-SP-58 Type 1 or 4) may be used 
and lined with saddles or noncrushable insulation material. 

Lugs may be welded to the pipe and extended outside the insulation to a steel 
clevis (MSS-SP-58 Type 14) or, if supported from below, to a sliding shoe or guided 
roller. The important point is to have the actual attachment or supporting member 
outside the insulation so that movement of the line will not result in insulation 
damage. 

For low-temperature service, in addition to heat loss or gain, the problem of 
atmospheric condensation must be considered, and such lines are usually insulated 
with a material that has an outer covering or seal called a vapor barrier. This barrier 
prevents the insulation from absorbing moisture. For this reason it is not permissible 
to penetrate the insulation with load-carrying members such as the legs of a conven- 
tional high-temperature saddle or a pipe clamp. Since most low-temperature insula- 
tions have low compressive strength, it is necessary to provide shields to line the 
piping insulation and to spread out the bearing area sufficiently to prevent crushing 
of the insulation. Such shields should fit the outer diameter of the insulation and 
cover 180? of arc. Shield lengths and thicknesses are given in Table B5.4, taken 
from MSS-SP-69. 


TABLE B5.4 Minimum Dimensions: Shields for 
Insulation Protection 


Skill 
length, Thickness, 
NPS (DN) in (mm) in (mm) 
% to 3% (15 to 90) 12 (300) 0.048 (1) 

4 (100) 12 (300) 0.060 (2) 
5 (125) 18 (450) 0.060 (2) 
6 (150) 18 (450) 0.060 (2) 
8 (200) 24 (600) 0.075 (2) 


Attachments to Buildings or Other Structures. When piping is to be hung from 
steel, Types 20 through 23, 25, and Types 27 through 30 beam clamps and Type 
57 plate lug should be used. 

When piping is hung from concrete, malleable iron or steel inserts of Type 18 
or a continuous strip insert may be used. Embedded anchor bolts may also be used 
under specific conditions. For wall supports on either concrete or steel brackets, 
Types 31 through 33 may be used. 
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In many cases, it is necessary to provide additional structure as a means of upper 
attachment. Such structure must be designed for the particular load and can be of 
structural angle, beam, or channel. 

Structural steel for pipe supports must meet the allowable stress requirements 
of the AISC specification. 


Multiple-Pipe Runs 


Where the bottoms of the various lines are approximately at the same elevation, 
common supports are advantageous. The supports take the form of trapeze hangers 
fabricated from structural-steel shapes. Multiple-pipe runs are also supported on 
fabricated bents or frames. This is quite common for oil refinery or tunnel work 
where multiple runs of pipe are relatively near grade. Steel or concrete sleepers 
are used. 

On all multiple-pipe runs, provisions should be made to keep the lines in their 
relative positions by the use of either clamps or clips. Lines subject to thermal 
expansion must be free to slide or roll. 


Spring Supports 


When there is an appreciable temperature difference between the operating and 
nonoperating conditions of a piping system, there is a resultant expansion or contrac- 
tion of the pipe caused by the thermal change. When the system consists entirely 
of horizontal piping, the differential expansion can be taken care of entirely by 
means of rollers or by swinging rods of sufficient length. For vertical portions of 
the piping system, the thermal change in length causes elevation changes. Movement 
of terminal points or of the structure to which the supports are attached will also 
result in elevation changes. These elevation changes must be accommodated by 
some sort of variable spring or constant support. 

Helical-coil springs are commonly used for such supports. The degree of variation 
to be provided by the spring support depends on the conditions of the piping system. 
For systems which operate at temperatures below 750°F (400°C), a good rule is 
that the variation in supporting force be limited to 25 percent of the load. It is 
important to select a spring coil which has been age-processed to eliminate residual 
stresses resulting from the coiling operation. A conventional helical coil which has 
not been age-processed will lose more than 10 percent of its supporting effect over 
its life. 

It is not economical to design custom springs. A more prudent approach is to 
select spring devices which are available commercially. Commercial spring supports 
are made in three general types. Spring cushion hangers, MSS-SP-58 Types 48 and 
49, are made for light to medium loads and for Y4-in (6-mm) maximum vertical 
movement. Generally, this type is used in systems in which the temperature does 
not exceed 450°F (232°C). 

Variable spring supports, MSS-SP-58 Types 51, 52, and 53, are available for a 
wide range of loads, from about 50 to 30,000 Ib (222 to 133,446 N). This type of 
hanger is used on piping systems in which the resulting variation in supporting 
force can be tolerated. The commercial varieties available provide a selection of vari- 
ability. 

Constant load supports, MSS-SP-58 Types 54, 55, and 56, are spring devices in 
which the varying force of the spring is compensated so that the support variability 
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is within the range of +6 percent. This type of support is used on systems in which 
there are large thermal movements or critical stress conditions or a combination 
of both. Such conditions exist on high-pressure, high-temperature steam lines in 
electric generating stations. These supports are made for loads of approximately 
50 to 50,000 Ib (222 to 222,410 N) and for vertical movements up to 16 in (406 
mm). The variability of these supports is not dependent on vertical movement, and 
the support is adjusted at the factory for specified load and travel. Therefore, 
extreme care should be taken in determining loads and travel for the selection of 
hanger size. 

Vibration arising from pump pulse and similar conditions can be a problem in 
piping systems. Where such vibrations are in resonance with a spring-supported 
system, the results can be serious. Such conditions can usually be avoided by 
judicious use of commercially available spring hangers. Systems that respond to 
exciting vibrations can be controlled satisfactorily by the use of dampening devices. 
There are two general types to consider: the coiled spring and the hydraulic vibra- 
tion dampener. 

There are two types of coiled-spring vibration dampeners: the opposed-spring 
type and the double-acting spring type, MSS-SP-58 Type 50. These devices should 
be arranged so that the springs are in the neutral position during normal operating 
conditions of the system. 

The hydraulic vibration control is a unit which operates by means of a controlled 
flow of fluid through an orifice. Resistance to movement increases with the speed 
of displacement. One distinct advantage of the hydraulic device is that there is a 
minimum of resistance to thermal movement of the piping. 

Both spring and hydraulic cylinder devices may be used to control sway and 
absorb shocks. These same devices may be used to resist reactions from safety 
valve discharges and similar applications. Both the spring and hydraulic types are 
available commercially in several sizes. Manufacturers' literature gives comprehen- 
sive data for selection and performance characteristics. 


Hanger Rod 


Rods used for pipe support purposes are usually hot-rolled steel with standard 60? 
cut threads conforming to ASME B1.1, Unified Inch Screw Threads, coarse thread 
series (UNC). Rolled threads to the same standard may be used. It must be pointed 
out that the length of a rolled thread cannot be increased by running a die over it, 
since the basic diameter of the rod is less than the size of the threaded portion 
(smaller than the thread major diameter). 

Safe load capacities of threaded rods are based on the area at the root of the 
thread. A generally accepted standard for such capacities is given in Table B5.5, 
taken from MSS-SP-58. 

For convenience in ordering and assembling various items, most cataloged pipe 
support products have a definite relationship between rod size and pipe size, as 
shown in Table B5.6. 

Table B5.6 conforms to Underwriters’ Laboratories and Factory Mutual require- 
ments in pipe sizes up to NPS 12 (DN 300). In general, rod sizes less than % in 
(10 mm) should never be used to support piping, regardless of its diameter. However, 
this does not hold true for supports designed for a thoroughly analyzed piping 
system (i.e., computer-modeled and analyzed). Where exact loads are calculated, 
the rods and springs are selected on the basis of the load and movement, not pipe size. 
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TABLE B5.5 Load Rating of Threaded Hot-Rolled Steel Conforming to 
ASTM A36 or A575 Grade 1020 


Maximum safe load at rod 


Nominal rod Root area of thread temp of 650°F (343°C) 
diameter, 
in (mm) in? (mm?) Ib (Newton) 
"4 (6) 0.027 (17) 240 (1,068) 
5s (8) 0.046 (30) 410 (1,824) 
% (10) 0.068 (44) 610 (2,713) 
ye (15) 0.126 (81) 1,130 (5,026) 
5% (16) 0.202 (130) 1,810 (8,051) 
% (20) 0.302 (195) 2,710 (12,055) 
% (22) 0.419 (270) 3,770 (16,770) 
1 (25) 0.552 (356) 4,960 (22,063) 
1% (32) 0.889 (574) 8,000 (35,586) 
1% (40) 1.293 (834) 11,630 (51,733) 
1% (44) 1.744 (1,125) 15,690 (69,792) 
2 (50) 2.292 (1,479) 20,690 (92,033) 
2% (57) 3.021 (1,949) 27,200 (120,991) 
2% (65) 3.716 (2,397) 33,500 (149,015) 
2% (70) 4.619 (2,980) 41,600 (185,045) 
3 (80) 5.621 (3,626) 50,600 (225,079) 
34 (83) 6.720 (4,335) 60,500 (269,116) 
3% (90) 7.918 (5,108) 71,260 (316,979) 
Snubbers 


A snubber, or shock arrestor, MSS-SP-58 Type 47, is a mechanical or hydraulic 
type of support that is used to restrain dynamic loads. Such loads can result from 
a seismic event, water hammer, steam hammer, or relief valve thrust. 

The primary advantage of the snubber is that it can be installed at locations 
where thermal displacement precludes the use of a “rigid” support. Under the slow 
and gradual displacement of the pipe due to thermal action, a snubber is designed 
to slowly telescope (in or out) to accommodate the movement of the pipe. When, 
however, a sudden impact load acts upon the snubber, internal braking devices 


TABLE B5.6 Relation between Pipe and Rod Sizes 


NPS (DN) Rod size, in (mm) 
2 and smaller (50 and smaller) ¥% (10) 
2% to 3% (65 to 90) y» (15) 
4 and 5 (100 and 125) 5 (16) 
6 (150) 34 (20) 
8 to 12 (200 to 300) % (22) 
14 and 16 (350 and 400) 1 (25) 
18 and 20 (450 and 500) 1% (29) 


24 (600) 1% (40) 
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engage, thus controlling the movement of the pipe. The snubber is said to “lock 
up." In this condition, the snubber acts as though it were a rigid restraint. 

Snubbers are not capable of supporting gravity loads. Under certain circum- 
stances, the weight of the snubber bearing on the pipe should be included in the 
piping stress analysis. 


Riser Supports 


A riser or vertical section of a piping system often creates special support problems. 
The support of service water lines and fire protection systems is governed in the 
first case by the local building codes and in the latter case by National Fire Protection 
Association (NFPA) codes. These codes dictate the type and frequency of riser 
supports used on those systems; however, piping systems that are subject to thermal 
movement present more complicated support problems, and each case must be 
considered separately. 

Risers are equivalent to concentrated loads in a piping system; however, in the 
support of this load, several important points must be considered: 


1. Is the support to take the entire riser weight, or is the riser weight to be distributed 
among several supports? 


2. Are hydrostatic test conditions more severe than service conditions? That is, 
will the cold-water-filled condition impose stresses on the support higher than 
allowable (in cold condition), compared with the hot operating condition and 
the imposed stresses? When this decision is made, the system erection sequence 
should be considered and a determination made of whether other supports are 
effective or ineffective during hydrostatic testing. 


3. Is the support to be located at a point of zero vertical movement and hence to 
be considered a rigid support? If this is the case, then the horizontal and vertical 
movements of riser end points must be analyzed. Pure horizontal movement can 
be provided for by long support rods that are allowed to swing. However, if 
vertical movement exists, it may cause tipping, and then it must be assumed that 
the entire load can transfer to one support rod. In this case, the riser support 
should be designed for twice the calculated load. 


The support arms of the pipe attachment or the riser clamp, MSS-SP-58 Type 
42, must extend out from the pipe far enough to clear any insulation. If springs are 
part of the support assembly, then the arms must be long enough to provide 
clearance between the pipe insulation and the springs used. 

The final consideration in the design of a riser support is its attachment to 
the pipe. Since a thermal change occurs between the operating and nonoperating 
conditions of the pipe, the frictional grip of the clamp on the pipe cannot be relied 
upon, and there must be some positive means of engagement between the pipe 
and the clamp. Sometimes a complete ring is welded to the pipe. The more usual 
procedure is to use four lugs welded to the pipe, positioned at points which bear 
on the clamp. These lugs are normally made of material compatible to the pipe 
material and are to be welded on three sides. Suggestions for the selection of welded 
lugs can be found in PFI ES-26. 
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SUPPORT REQUIREMENTS FOR SPECIFIC 
PIPING MATERIALS 


Ductile-Iron Pressure Pipe 


Hanger sizes depend upon the outer diameter of pipe which is to be supported. 
The diameter of cast-iron pressure pipe exceeds that of nominal-size steel pipe and 
varies with its class or intended service. Therefore, selection of supports must take 
into consideration the actual outside diameter of the piping being installed. 


Ductile-Iron Soil Pipe 


Support sizes correspond to sizes for steel pipe. MSS-SP-58 Types 1, 7, 8, and 11 
are normally used. 


Asbestos-Cement Pressure Pipe 


Support sizes depend upon the class of pipe to be supported. The outer diameter 
of this pipe exceeds that of steel pipe and varies with its class or service. 

For all three categories (i.e., ductile-iron pressure pipe, ductile-iron soil pipe, 
and asbestos-cement pressure pipe) support spacing should provide at least one 
support for each length of pipe (piping lengths are a maximum of 20 ft, or 6.1 m, 
with the support preferably located adjacent to the joint). Also, each change of 
direction or branch connection should be supported. 

For ductile-iron pipe with bell and spigot ends, using either a push-on type of 
joint or a mechanical joint, the pipe support engineer must consider the following: 


* Both joint types use a rubber gasket to seal the joint, and they allow a certain 
amount of deflection and longitudinal displacement while maintaining the seal. 


To prevent leaks caused by misalignment of the pipe section at a joint, pipe 
supports are positioned immediately behind the pipe bell. 


Supports are normally not placed under spigots adjacent to bells, owing to possible 
undesirable effects on the joint. 


* Pipe supports should cradle the pipe in a saddle. 


The saddle must follow the contour of the pipe in order to minimize stress concen- 
trations. 


* A saddle angle between 90? and 120? is desirable, with a minimum saddle width 
(i.e., the length along the longitudinal axis of the pipe) of 


(2Dt,)5 


where D = actual outside diameter of pipe, in (mm); t = nominal pipe wall 
thickness, in (mm). 


Pipe supports should prevent any lateral and vertical movement of the pipe in order 
to prevent possible failure of the pipeline. Thermal expansion of ductile-iron pipe 
is not usually a concern because of the nature of the push-on or mechanical joint. 

Buried lines are usually supported by tamped backfill, except that lines buried 
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under building slabs are sometimes supported from the slab with hairpin straps or 
rods suitable to the soil characteristics. 

Special consideration is required in cases where movement occurs either at the 
terminal points or in the structure to which supports are attached. Spring hangers 
may be required to allow for deflection. 


Copper Tubing 


Since supports made for copper tubing are designed to fit the tubing diameter, it 
is not recommended that supports which have been formed for piping be improvised 
as tubing supports. Most supports for copper tubing are electroplated with copper 
for easy identification. MSS-SP-58 Types 1, 8, 9, 10, 11, and 12 are available in 
tubing sizes. 

Where there are indications that electrolysis may occur because the support 
and tubing are made of dissimilar metals, the support should be lined to prevent 
such action. 


Fire Protection Systems 


Sprinkler supports will usually be subject to the consideration and approval of the 
same insurance agencies that have jurisdiction over the sprinkler-system piping and 
layout. The supports will be required to conform closely to the standards specified 
in the National Fire Codes published by the National Fire Protection Association. 

Some of the important fire protection codes and standards of concern to the 
pipe support engineer follow: 


* NFPA 11, Foam Extinguishing Systems 

* NFPA 12, Carbon Dioxide Extinguishing Systems 

* NFPA 12 A/B, Halon Fire Extinguishing Systems 

* NFPA 13, Sprinkler Systems 

* NFPA 14, Standpipe and Hose Systems 

* NFPA 15, Water Spray Fixed Systems 

* NFPA 16, Foam-Water Sprinkler and Spray Systems 
* NFPA 17, Dry Chemical Extinguishing Systems 


Ifthe system is other than a standard building water-sprinkler system, the particu- 
lar standard should also be consulted; e.g., in the design or selection of supports 
for a foam fire extinguishing system, NFPA 11 should be consulted. 

The rules are explicit with respect to support spacing, fasteners, and method of 
fastening. NFPA also regulates the material used in the construction of supports. 
Underwriters’ Laboratories, Inc., Factory Mutual Engineering Division, and Under- 
writers’ Laboratories, Inc., of Canada have tested and listed or approved all types 
of supports necessary to meet the various conditions of construction. 

The placing of supports along the pipe is an important consideration to ensure 
adequate support for the piping. In addition to the consideration of pipe support, 
consideration must be given to sway bracing especially in deluge systems, riser 
supports, soundness of the attachment, vibration, and pipe slope for drainage. The 
stability of the support during a fire, corrosion, and aging are also of prime impor- 
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tance. A sprinkler system may be installed for many years before it is operated, 
and it must always operate in the manner for which it was designed. 


Plastic Pipe 


There are many types of plastic pipe, both rigid and semirigid. Under normal 
conditions, rigid plastic pipe can be supported using conventional supports with 
the spacing half that used with steel pipe or as recommended by pipe manufacturers. 
The support of plastic pipe or tubing should be continuous if, owing to the nature 
of the plastic, it will become flexible from elevated temperatures or from line 
contents. The continuous support can be in the form of a light angle or channel 
into which the plastic pipe is laid. 

In some cases, wear shoes or pads should be added to plastic pipe where it may 
rub against steel supports. The use of wear pads will prevent the abrasive action 
caused by thermal movement, thus preventing damage to the pressure boundary. 

It is suggested that recommendations of the manufacturer of the specific plastic 
pipe also be followed. Refer to Part D of this handbook. 


Glass Pipe 


Glass pipe is used for laboratory service, food processing, and many industrial 
applications which require the durability or chemical resistance of glass pipe. Be- 
cause of the nature of glass, special consideration of supports and attachments 
is necessary. 

Standard pipe support components can be used; however, in all cases the support, 
even if it is painted or electroplated, must have a padding or cushion to avoid 
scratching the pipe. The support should fit loosely around the pipe, yet contact the 
pipe in a manner to distribute the load over the largest possible area. Point loading 
must be avoided. The system of supports must be designed with the fewest rigid 
anchor points possible. 

Glass pipe will generally require two supports per 10-ft (3.05-m) section. One 
extra support will be required if there are three or more couplings in a 10-ft (3.05- 
m) section. For maximum protection and accessibility, supports should be placed 
about 1 ft (0.3 m) from each joint or coupling. 

Glass pipe supports and layouts should be designed in accordance with general 
fundamentals applicable to other piping materials. However, extreme care must be 
taken to minimize strain and scratching of the glass. The pipe manufacturer and 
reputable support manufacturers should be consulted in the design of support 
systems for glass pipe. 
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ASME Code for Pressure Piping 


Specific design requirements for piping support are included in the sections of 
ASME B31, Code for Pressure Piping, listed below: 


* B31.1, Power Piping 
* B312, Fuel Gas Piping 
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* B31.3, Process Piping 


* B314, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, 
Anhydrous Ammonia, and Alcohols 


* B31.5, Refrigeration Piping 

* B31.8, Gas Transmission and Distribution Piping Systems 
* B31.9, Building Services Piping 

* B31.11, Slurry Transportation Piping Systems 


In addition, ASME Boiler and Pressure Vessel Code, Section III, defines rules for 
piping supports used in nuclear power plants. 

These requirements must be adhered to on piping installations when piping must 
conform to these codes. In most cases, supports conforming to MSS-SP-58 are 
acceptable for these installations. 


Government Specifications 


The Federal Specification WWH-171, of the latest issue and entitled “Hangers 
and Supports, Pipe," is the governing specification for all federal agencies. This 
specification illustrates types of pipe hangers and supports and lists the requirements 
of certain applications. 


Design Temperature 


Design temperatures for parts of hangers and supports in direct contact with pipe 
shall be the temperature of the fluid contained in the pipe. Parts of hangers and 
supports not in direct contact with pipe may be designed to a temperature reduced 
by 100°F per 1 in (55°C per 25 mm) away from the pipe wall. Allowable stresses 
for materials commonly used in the design of pipe hangers and supports are listed 
in applicable codes and standards. 


Welded Fabrication 


Welded fabrication shall be accomplished with good engineering practice as pre- 
scribed by the appropriate welding code. In the United States, the American Weld- 
ing Society (AWS) and the American Society of Mechanical Engineers, Section 
IX, are the governing codes. In Germany, DIN EN 288 controls welding, and in 
Britain it is BS 5135. Attachments welded directly to the pipe must be of appropriate 
(compatible) chemical composition, and the process of attachment must conform 
to the requirements for fabrication of the pipe regarding preheating, welding, and 
stress relieving. 


Cold Spring 


The cold-springing procedure for piping systems involves, basically, the cutting 
short of each segment of piping in an amount equal to some specific percentage of 
the normal thermal growth of the segment, with proper allowance to compensate 
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for possible terminal connection movements. The cumulative effect results in an 
offset gap between the piping ends at the point of final field closure. The drawing 
together and alignment of the piping ends by the application of required forces 
and moments are called cold pull and result in a slight relocation of all points along 
the entire piping system. This relocation is the only effect that cold springing has 
on supports. The piping is then considered to be in the cold-sprung position, which 
is equivalent to the cold operating position. The movement at all support points 
from the erected to the cold-sprung position must be calculated, and provision 
made for this movement in the form of hanger rod adjustment. 


Adjustment 


It is necessary to provide vertical adjustment to attain the desired elevation of the 
piping system. On piping supported from above, it may suffice to adjust an MSS- 
SP-58 Type 1, 5, 6, 9, or 10 support through the yoke portion by raising or lowering 
the nut on the rod. For larger ranges of adjustments, it is necessary to provide a 
turnbuckle, MSS-SP-58 Type 13 or 15, in the hanger rod. It is also practical to select 
a top attachment whereby adjustment can be made at the top of the hanger rod. 

On piping which is supported from below, provision for adjustment can be made 
with screw thread stanchions, MSS-SP-58 Type 38, or by shims or grout. 


Protective Coatings 


Protective coatings are normally applied to pipe supports for corrosion resistance. 
Metallic coatings may be applied by either the electroplating or the hot-dip process. 
Nonmetallic coatings, if selected for specific purposes, should be applied as recom- 
mended by the manufacturer. Consideration must be given to coatings used on 
threaded parts that are to be assembled after coating. 


OTHER PIPE SUPPORT CONSIDERATIONS 


Transportation and Storage 


Transportation and storage should be carried out with care to avoid damage to the 
hanger components, especially load calibration bolts and connection threads. If 
stored in the open, all components should be protected from dirt and water. 


Assembly 


All items should be assembled as completely as possible on the ground. Hanger rod 
threads should be greased prior to assembly to allow easy adjustability under load. 


Installation 


Locate, position, and connect the structural attachment to the steel or concrete. 
Be careful to orient the structural attachment pin or bolt in the right direction. 
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Next, move the hanger assembly into position and secure, using the connection 
parts. When installing an item which contains a nameplate, load scale, adjustment 
bolts, travel stops, or other device which requires accessibility, be sure to install 
the item so that these features are visible and accessible. Locate the position for 
the pipe attachment and assemble it to the pipe. Complete the connection between 
the hanger and the pipe attachment. 


Adjustment 


Adjust the hanger rods or adjustment parts to take up the pipe load by the hanger 
components. Be sure to achieve minimum thread engagement before taking up full 
load. When installing springs, continue to take up on the load until the spring 
setting balances with the supporting load. When all adjustments and evaluations 
are complete, lock all required items using locknuts, retainers, clips, or other locking 
item supplied. After all pipeline testing is complete and prior to operation, adjust 
the springs until the travel stops can be removed by hand. Remove the travel stops 
prior to operation to allow the spring to move freely. 


Inspection 
The following items should be verified prior to operation: 


The support is installed in the correct location. 
The travel and load positions are correct for springs. 


The minimum thread engagement is met on all threaded items. 


1. 
2. 
3. The travel stops are removed, and the spring is ready for operation. 
4. 
5. All locknuts or other locking devices are in place. 

6. 


All connection pins and connection bolts are properly loaded and secured. 
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The term heat-tracing refers to the continuous or intermittent application of heat 
to a pipeline or vessel in order to replace heat loss to ambient.! The major uses of 
heat-tracing include freeze protection, thawing, maintenance of fluids at process 
temperature (or at pumping viscosities), prevention of fluid component separation, 
and prevention of gas condensation. 

The following examples are typical of the diversity of heat-tracing applications: 
freeze protection of piped water; transfer of molten process chemicals such as 
phosphoric acid, sulfur, and p-xylene; low-viscosity maintenance of pumped fluids 
including petroleum products, vegetable oils and syrups, polymeric and resinous 
materials, and aqueous concentrates and slurries; avoidance of condensation and 
subsequent improper burning of fuel gas in refineries; preventing moisture from 
condensing out of piped natural gas; preventing freezing of control valves and 
compressor damage; elimination of pipeline corrosion due to wet hydrogen sulfide 
resulting from condensed moisture.’ 

Heat-tracing may be avoided in situations where heat loss to the environment 
can be effectively minimized. In cold climates or areas with severe winters, water 
pipes are often buried below the frost line. Alternatively, they may be kept from 
freezing by running them through heated buildings? 

In cases where flow is intermittent, tracing might be avoided by designing a self- 
draining system such as those used for steam condensate returns. Pipes may also 
be cleared after use by means of compressed air, steam, or solvent flushing or 
"pigging." The self-draining method is suitable only for infrequently used pipes 
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due to the high labor costs involved in cleaning and the potential cost and scope 
of repair, should a pipe not empty properly.’ 

A third approach in the avoidance of tracing is to design for 100 percent flow. 
This practice is not recommended since equipment breakdown or process interrup- 
tion may result in an irreversible drop in the temperature of the piped fluid. 


TYPES OF HEAT-TRACING SYSTEMS 


Heat-tracing systems can be divided into two broad classes, electric and fluid. Fluid 
heat-tracing systems utilize heating media at elevated temperatures to transfer heat 
to a pipeline. The fluid is usually contained in a tube or a small pipe attached to 
the pipe being traced. If steam is the tracing fluid, the condensate is either returned 
to the boiler or dumped. If an organic heat-transfer fluid is employed, it is returned 
to a heat exchanger for reheating and recirculation. In general, heating of tracing 
fluids can be provided by waste heat from a process stream, burning of fossil fuels, 
steam, or electricity. 

Electric heat-tracing systems convert electric power to heat and transfer it to 
the pipe and its contained fluid. The majority of commercial electric heat-tracing 
systems in use today are of the resistive type and take the form of cables placed 
on the pipe. When current flows through the resistive elements, heat is produced 
in proportion to the square of the current and the resistance of the elements to 
current flow. Other specialized electric tracing systems make use of impedance, 
induction, and skin conduction effects to generate and transfer heat. 

Table B6.1 lists the operating and exposure temperatures and the principal 
characteristics of the different types of heat tracing. 


FLUID HEAT-TRACING 


Steam 


A number of desirable features made steam the original heat-tracing system of 
choice to maintain process temperature and provide freeze protection. Steam's high 
latent heat from vaporization is ideal for heat-transfer applications. Only a small 
quantity is required for a large heating load; and it can heat a line quickly, condense 
at constant temperature, and flow to the point of use without pumping. Steam is 
universally available and nontoxic.’ 

Today, energy efficiency and minimization of expensive labor are priority consid- 
erations in selecting an economical heat-tracing system. With the advent of highly 
reliable electric heat-tracing, the popularity of steam heat-tracing is declining. 

Steam is more expensive to install and maintain than electric resistance heaters. 
Periodic leaks and failed steam traps in a steam-traced system waste energy and 
demand additional labor costs for repair and replacement. In addition, a single 
steam tracer provides 2 to 10 times more heat than most applications require. By 
contrast, electric tracing systems provide better temperature control and much more 
efficient utilization of energy. This means that even though the cost per unit energy is 
lower for steam, total energy costs for electric tracing are usually significantly lower. 

In most heat-tracing applications, saturated steam is supplied at pressures of 
30 to 150 psig (210 to 1035 kPa) (298°F/147°C and 367°F/186°C). The ability to 
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TABLE B6.1 


Heat-tracing 


Max. operational 


Comparison of Heat-Tracing Methods 


Max. exposure 


method temp. temp. Advantages Disadvantages 
Heat transfer fluids 
Steam 400°F (204°C) None Takes advantage of waste steam, explosion Nonuniform heat distribution; expensive to 
environment safe, high heat-transfer rates install and maintain; imprecise tempera- 
ture control; wastes energy 
Organics 500-750°F None Moderate temperature control, wide temper- Relatively expensive; needs a circulating sys- 
(260-400°C) ature range, low freezing temperatures tem; leaks can be hazardous 
Glycols 250°F (121°C) 325°F (160°C) Moderate temperature control; depresses Relatively expensive (glycols are cheaper 


freezing point, providing protection 
against freezing when not in use; lower 
operating cost than steam 


than heat process fluids); high installed 
costs; needs a circulating system; leaks 
can be hazardous 


Electric 


Self-regulating 


MI cable 


Zone 


Skin effect 


Impedance 


Inductance 


150-300°F 
(65-149*C) 
1190°F (590°C) 


150-400°F 
(65-204°C) 


400°F (204°C) 


Up to failure of 
supply cable 
and connections 

Up to Curie point 


185-420?F 
(85-215*C) 
1500°F (800°C) 


250-1000*F 
(121-538*C) 
450°F (232°C) 


None 


None 


Will not burn out—most reliable electric 
heating cable; energy efficient 

Rugged; capable of high temperature and 
high power 


Can be field cut; if a heating element fails, 
circuit is maintained 


Simple components; rugged; needs relatively 
few energy inputs; can be part of a prefab- 
ricated insulated pipe bundle 

High heat-transfer rates and close temp. con- 
trol; high temp. capability, heating struc- 
ture; element cannot burn out 

High-temperature capability; high heat-trans- 
fer rates 


Limited temperature range 


Difficult to field cut; a break in the cable 
causes an open circuit; should not be 
crossed over itself; can be damaged by 
moisture penetration 

Relatively fragile; can self-destruct from its 
own heat; can burn out if crossed over 
itself 

Impractical for applications less than 5000 ft 
long; design is complex 


Expensive custom design; entire pipeline 
must be electrically isolated from the 
support 

Very expensive; difficult custom design, not 
commercially exploited 
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FIGURE B6.1 Typical components of a steam-tracing 
system. (I. P. Kohli, “Steam Tracing of Pipelines,” Chem. 
Eng., March 26, 1979, p. 158, Fig. 1.) 


continuously remove condensate via a steam trap assembly allows the steam tracer 
to provide a constant-temperature source of heat. 

The overwhelming majority of steam-traced piping systems employ external 
tracing. Straight runs of the steam pipe or tubes are attached to the pipe, and the 
entire assembly is covered with preformed sectional insulation (see Fig. B6.1). 
Valves, fittings, and instruments are heat sinks (system components of large surface 
area and exposed metal surfaces to which system heat will flow and be lost to the 
environment); and to deliver the requisite amount of heat, several loops of the 
tracing tube are coiled around them before being covered with insulation. This 
configuration helps reduce tailing, i.e., the tendency of steam to lose heat and 
condense along the line with loss of pressure (see Fig. B6.2). 

In the majority of applications such as freeze prevention and viscosity mainte- 
nance in smaller-diameter pipes, a single tracer provides more than the required 
heat. However, for processes requiring greater heat input, the heat-transfer charac- 
teristics of steam tracers can be significantly improved by placing heat-transfer 
cement between the trace and the pipeline, greatly increasing the amount of surface 
for conductive heat transfer.” Temperatures of steam-tracing systems can vary by 
as much as +10°F (6°C) between underground pipelines and +20°F (11°C) for 
pipelines running aboveground. The inability to achieve precise temperature control 
is attributed to three factors operating in tandem.’ 


1. Saturated steam is delivered at the desired pressure by means of a pressure- 
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FIGURE B6.2 “Coiling” arrangement for tracing valves, flanges, casings, and instruments. 
Coils act as expansion joints for steam tracing systems. (7. P. Kohli, "Steam Tracing of 
Pipelines,” Chem. Eng., March 26, 1979, p. 159, Fig. 3.) 


reducing valve. As the pressure is reduced, the saturated steam becomes super- 
heated. The excess heat is rapidly dissipated in the system. 


2. Uneven contact between the steam tracer and process pipe produces an uneven 
distribution of temperature. This effect becomes more significant as the tempera- 
ture difference between pipe and tracer increases. When the steam becomes 
superheated, the temperature difference reaches a maximum. 


3. Tailing also affects the temperature of the surrounding steam. 


A more precise control of steam tracer temperature can be achieved by the use 
of steam jacketing (see Fig. B6.3) or temperature-sensitive steam valves. However, 
these methods are rarely used as they provide a level of temperature control inferior 
to that of electric heat-tracing, and at a significantly greater cost. 


Circulating Media 


Circulating media are the most expensive heat-tracing systems and are specified 
for special-process or ambient conditions (see Table B6.1 and Ref. 9). The virtue 
of circulating fluids is the ability to provide protection and reasonable control at 
temperatures above and below those achievable with steam-tracing. Circulating 
media systems can be separated into two classes; oils and organic heat-transfer 
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FIGURE B6.3 Steam jacketing is expensive and employed 
only in special high-heat-demand situations. (Z. P. Kohli, 
"Steam Tracing of Pipelines,” Chem. Eng., March 26, 1979, p. 
159, Fig. 2.) 


fluids suitable for high-temperature applications, and glycols with antifreeze proper- 
ties that make them especially useful in cold climates, where they will not freeze 
even when used intermittently. 


ELECTRIC RESISTANCE HEAT-TRACING 


Introduction 


Significant commercial use of electric heat-tracing began to take hold in the 1950s. 
Electric heat-tracing served as a visible alternative in situations where steam could 
not be used or was impractical. Typical early applications included the electric 
tracing of transfer lines for oil, asphalt, and waxes. Electric tracing proved especially 
useful for long runs of pipe. [Steam tracers are generally limited to runs of 100 to 
200 ft (30 to 60 m). Tracing long or multiple pipe runs with steam can significantly 
increase both tracing complexity and cost.] 

At the outset, hardware had to be adapted from other resistance heating applica- 
tions. Lead-sheathed soil-heating cable was used extensively for waterline freeze 
protection while longer runs of pipe were traced with mineral-insulated copper- 
sheathed cable. For higher-temperature service, tubular heaters (normally used 
for immersion and clamp-on applications) were converted for pipe tracing, and 
controllers were adapted from furnaces and consumer appliances in order to con- 
trol temperature. 


Self-Regulating Heaters 


Since their introduction in 1971, self-regulating heaters have become the most 
popular form of electric heat-tracing and are currently offered by most major 
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vendors of industrial heat-tracing. Self-regulating heat-tracing has an advantage 
with respect to other heat-tracing products because this technology eliminates the 
possibility of heater burnout due to the inability to dissipate internally generated 
heat—the most common cause of heater failure (Fig. B6.4). 


* 
Self-regulating / Outer / Metal ^^ Fluoropolymer ^ 
core jacket braid jacket 


FIGURE B6.4 Components of a self-regulating parallel resistance heat-tracer. (Chet 
Sandberg, Electrical Heat Tracing Systems for Use in Pulp and Paper Plants; Considera- 
tions for the 1990s. ISA Pulp and Paper Industries Division Symposium (in conjunction 
with TAPPE), Nashville, TN, March 1993.) 


Self-regulating tracers are usually provided in the form of a heater strip consisting 
of two parallel 20 to 10 American wire gauge (AWG) bus wires embedded in a 
conductive polymer core, which serves as the heating element and over which a 
polymeric insulator is extruded. The entire assembly is then covered with a metal 
braid to provide grounding and additional mechanical protection. Another polymer 
jacket can be added (see Fig. B6.4). The heater core consists of carbon particles 
embedded in a polymer matrix. Heat is generated by resistance to current flowing 
through the conductive polymer heating element. As the temperature of the conduc- 
tive core increases, so does the electric resistance. The result is a diminishing output 
of heat for each successive increment of temperature elevation. Since power output 
is a function of temperature at any location in the element, the conductive core 
behaves as a temperature-sensitive rheostat guarding against low- as well as high- 
temperature failure (see Figs. B6.5 and B6.6). 

Self-regulating tracers can be cut to any desired length and field-installed within 
the limitations of the voltage drop on the bus wires. They have good impact resis- 
tance and are routinely handled in the field. The self-regulating feature pro- 


Bus wires 


Hot pipe Warm pipe Cold pipe 
Few conductive paths Some conductive paths Many conductive paths 
Minimum heat output Reduced heat output High heat output 


FIGURE B6.5 Relationship of resistive properties to changes in polymer structure with temper- 
ature in the conductive core of a self-regulating parallel resistance heat-tracing tape. (Karen 
Henry, Introduction to Heat Tracing, Cold Regions Research and Engineering Lab, Report No. 
CRREL-TD-86-1, June 1986, p. 13.) 
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vides a tremendous boost to operational 
reliability while cutting installation, 
maintenance, and energy costs. It also 
adds a dimension of safety unavailable 
with any other form of electric resistance 
tracing product because the heater can- 
not be destroyed by its own heat output. 

The only serious drawback of self- 
regulating tracers is the upper limit on 
operating temperatures, 366°F (186°C) 
for constant exposure and 420°F (215°C) 
for intermittent exposure." Self-regulat- 
ing tracers can fail as a result of exposure 
to excess heat from the piped fluid or 
from steam cleaning. For this reason, the 
tracer must be selected to conform to 
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FIGURE B6.6 | Graph of resistance versus tem- 
perature for a self-regulating parallel resistance 
heat-tracer. (G. R. Dixon, Steam versus Electric 
Process Heat Tracing. Mississippi Department of 
Energy and Transportation Annual Conference, 


actual process conditions. April 22-24, 1987, p. 5, Fig. 4.) 


Zone Heaters 


First introduced in 1971, zone heaters were initially the most popular form of 
parallel resistance heaters; and by the mid-1970s, they were being used in a large 
percentage of electric heat-tracing applications. Since that time, they have been 
increasingly replaced by self-regulating heaters. 

A typical zone heater consists of two insulated bus wires wrapped with a small- 
gauge (38 to 41 AWG) nichrome heating wire, covered with polymer insulation 
and sheathed in a metallic braid covered with an optional polymer jacket. The 
heating wire is connected to alternate bus wires at nodes every 1 to 4 ft (0.3 to 1.2 
m), and the distance between connections constitutes a (heating) zone.!^/6 Heat 
is generated by current flowing between the bus wires through the heating wire 
(see Fig. B6.7). 


Outer jacket^-. 


FIGURE B6.7 Components of a zone-type parallel resistance heat- 
tracer. (G. B. Dixon, Steam versus Electric Process Heat Tracing, Missis- 
sippi Department of Energy and Transportation Annual Conference, 
April 22—24, 1987, p. 5, Fig. 5.) 


The parallel circuit configuration of zone heaters means that output is indepen- 
dent of cable length and that systems can be designed and adapted by purchasing 
cables of a specific wattage which are cut to length in the field. (It is important to 
remember that the length of cable between the cut and the nearest node will not 
receive power and should not be depended upon for heater service.) As a result, 
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FIGURE B6.8 Simplified circuit diagram for a zone-type 
parallel resistance heater. (Karen Henry, Introduction to 
Heat Tracing. Cold Regions Research and Engineering Lab, 
Report No. CRREL-TD-86-1, June 1986, p. 8, Fig. 3c.) 


design and installation costs are significantly reduced." Zone heaters use standard 
voltages, and their parallel circuitry preserves system function in the event of 
individual heater element failure (see Fig. B6.8)—an important advantage over 
series circuits (see Fig. B6.9)."8 

Zone heaters use thinner resistive wires than series heaters and are more suscepti- 
ble to damage from impact.???! Fiberglass-insulated cables are available with an 
exposure temperature up to 1000°F (538°C), but they are susceptible to moisture. 


a Lead pere Heater 
i wire 
V 


FIGURE B6.9 Simplified circuit diagram for a series-type 
resistance heater. (Karen Henry, Introduction to Heat Trac- 
ing. Cold Regions Research and Engineering Lab, Report No. 
CRREL-TD-86-1, June 1986, p. 8, Fig. 3a.) 


The addition of a fluoropolymer jacket for moisture protection reduces the exposure 
temperature rating to 545?F (285°C). Perhaps the biggest drawback of zone heaters 
is their susceptibility to burnout. With their combination of constant wattage and 
polymer insulation, zone heaters are vulnerable to destruction from self-generated 
overheating.? As with all constant-wattage heaters, zone heaters to be used in 
hazardous (classified) areas require factory calculations to determine if the system 
conforms to the prescribed T rating (see the later section “Area Classification"). 


Mineral-Insulated Cable (Constant-Wattage Series) Heater 


Mineral-insulated (MI) cable was introduced in the early 1950s as an electric powered 
alternative to steam and liquid heat-tracing.? MI cable is a constant-wattage, series 
resistance heater in which the entire circuit acts as a continuous heating element. 

Heat is generated by current flowing through a nichrome, copper, or other metal 
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Mineral insulation. ^ Metal sheath 


Heating wires 


FIGURE B6.10 Components of mineral-insulated heat-tracing cable. (G. B. Dixon, 
Steam versus Electric Process Heat Tracing, Mississippi Department of Energy and 
Transportation Annual Conference, April 22—24, 1987, p. 4, Fig. 2.) 


conductor, insulated with magnesium oxide and encapsulated in an outer metallic 
sheath of copper, stainless steel, Inconel, or other suitable metals (see Fig. B6.10).” 

MI cable is capable of carrying high heating loads. Given the proper conductor 
and sheath alloys, it can be used in applications up to 1500°F (800°C).” 

Its high impact resistance and general ruggedness allow it to stand up to the 
rough handling in the field. Circuits usually are factory-fabricated to length prior 
to installation, which can be a source of problems when piping changes are made 
since cables are difficult to modify in the field. Field fabrication of circuits is 
sufficiently complex that the training of installation personnel should be supervised 
by a trained factory technician? MI cable system circuits must be individually 
designed, or variable-voltage controls must be provided to set circuit parameters. 
Voltage control may also be required for short lengths due to the low resistance.” 

As with all series circuits, a single break in the cable causes the entire system 
to fail (breaks in the outer sheathing can cause failure due to absorption of moisture 
and subsequent loss of insulating properties).?? Another disadvantage of MI cable 
is the risk of overheating from excessive currents or poor thermal dissipation. 
Hazardous-area installations must be factory-calculated to ensure conformance with 
the proper T rating (see later section “Area Classification"). 


Series Resistance Polymer-Insulated Cable 


Polymer-insulated series resistance cables can be used with various conductor mate- 
rials. Nichrome is suitable for short circuits, but the length must be either predeter- 
mined to suit the available voltage or field-cut and provided with a variable-voltage 
supply. Conductors such as copper offer a measure of self-limiting heater properties, 
since their resistance increases with temperature. This allows greater latitude of 
use, and copper conductors with their 600-V limitation and relatively low cost (even 
with the mandatory metallic braid and optional overjacket) are especially favored 
for long-line applications with this type of heater. 

The circuits must be designed and controlled to minimize high temperature, 
because a failure at one spot disables the complete circuit. The possibility of cata- 
strophic failure (series circuit) due to overheating and melting of the polymer 
insulation puts this type of tracing in unfavorable competition with parallel resis- 
tance heat-tracing systems, which dominate in the low- to moderate-temperature 
application ranges. 
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SKIN EFFECT TRACING 


Skin effect systems are primarily applicable to the tracing of long pipelines. The 
skin effect is based on the tendency of an alternating current to flow in the layers 
near the surface (skin) of a current-carrying ferromagnetic conductor (see Fig. 
B6.11). In a typical skin effect tracer, the heating element is a carbon-steel pipe of 
small diameter welded to the fluid-carrying pipeline to be traced. Running through 
the heat tube is an insulated, low-resistance copper wire. The alternating magnetic 
field created by this alternating-current-carrying conductor causes the return current 
in the small heat tube to be concentrated toward the inner wall of the tube. This 
phenomenon is called the proximity effect. Because almost no current flows on the 
outer surface of the heat tube, there is no measurable potential there and the entire 
piping system can be grounded at any number of points??? 


Heat tube 


Insulated copper wire 


Carrier pipe 
Power source 


FIGURE B6.11 Components and electrical flow in skin effect heat-tracing (N. 
B. Carson, A New Method for Heat Tracing Long Pipelines, ASME, Petroleum 
Mechanical Engineering Conference, Dallas, Texas, September 1974, p. 1, Fig. 3.) 


The requirement for custom system design makes skin effect systems costly, 
notwithstanding the ability to make use of ordinary low-cost materials, including 
prefabricated components and standard construction techniques. The method main- 
tains a low-temperature difference between fluid and tube circuit wall (18°F/10°C),* 
is considered reliable, and is easy to repair. Single-circuit envelopes of up to 25,000 
ft (7500 m) are feasible with supply voltages of 3000 V. Higher supply voltages 
make even longer circuits possible. One reference reports a single power station 
capable of supplying service up to 30 mi (48 km) of pipeline.? On the other hand, 
Carson qualifies this with a practical limitation of 10 mi (16 km), since above the 
5-kV supply required for a line of this length, cable and switchgear costs become 
an increasing consideration. This seems to be confirmed by Ando and Takki,” 
who report the construction of a 68-mi (108-km) skin effect heat-tracing system 
powered by 12 substations with a transformer voltage of 13,800 V.? 

Skin effect heat-tracing is generally not cost-effective for pipelines shorter than 
5000 ft (1500 m),* its upper temperature limit of approximately 400°F (204°C) is 
set by the maximum exposure temperature of the conducting wire insulation,” and 
the method is not adaptable for complex piping. Installations cannot be modified, 
and the complete system fails with a single line break. 
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IMPEDANCE HEAT-TRACING 


In impedance heating, the pipe itself becomes the heating element. The generation 
of heat is produced by resistance to current flow (see Fig. B6.12).? Impedance heat- 
tracing has the ability to reach very high operating temperatures, limited only by 
the design and contents of the piping system. Since the pipe is the heating element, 
it is the supply cable and connections which can be vulnerable to burnout." This 
technique has high heat-transfer rates and uniform heat distribution and provides 
excellent temperature control at the control point, using any one of several automatic 
control methods.” 
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FIGURE B6.12 Components and electrical and magnetic interaction in 
impedance heat-tracing. (George Koester, II, “Pipe Heat Tracing with 
Electric Impedance Heating,” Plant Engineering, vol. 32, no. 24, November 
23, 1978, p. 113, Fig. 1.) 


Impedance tracing is costly and has limited application. Systems are almost 
exclusively vendor-designed, and the engineering can become complicated, espe- 
cially in attempting to achieve an electrical balance in piping systems with multiple 
branches. Because significant current flows through the pipe, the entire pipeline 
must be electrically isolated from the support structure and shielded from personnel 
contact. As a precaution, impedance-traced pipelines are normally operated at 30 
V or less.“ Voltages at 80 V are allowed if ground fault protection is supplied. 


INDUCTION HEATING 


Induction heat-tracing uses a metallic pipeline as a heating element by placing it 
in the magnetic field of an alternating-current source. Low-resistance wire is wound 
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around a conductive pipeline or vessel, and the alternating current flowing through 
the coils generates a rapidly changing magnetic field that induces eddy currents and 
hysteresis losses in the pipeline wall. Induction heating has been most frequently 
employed for melting metals and most likely would be considered for high-temper- 
ature, high-power heat-tracing applications. The absence of thermal resistance be- 
tween heat source and pipeline allows very rapid heating. Present systems would 
involve considerable expense and custom design and would require power inputs 
at short intervals along the pipeline. Induction methods do not easily lend themselves 
to the production of uniform heating, and IEEE rates the method as providing 
only moderate system efficiency." 


SELECTION CRITERIA FOR TRACING SYSTEMS 


Assuming that methods for avoiding the need for tracing have been considered 
and rejected, the first step in matching the heat-tracing to the piping system requires 
an analysis of fundamentals. These include the type of application, suitability and 
relative cost of different types of heat-tracing, availability of steam and/or electricity, 
amount of heat loss which must be made up, requirements for temperature control, 
and classification of the traced area as a hazardous or ordinary environment due 
to the presence of flammable substances. 


AREA CLASSIFICATION 


Areas are classified according to their potential fire hazard as defined by Articles 
500 to 505 of the National Electrical Code (NEC).* [In industrial applications, 
verification that electric components meet NEC hazardous-area requirements is 
issued by a nationally recognized testing laboratory (NRTL).] Under this system, 
there are classified and unclassified (ordinary) areas. Hazardous areas have two 
different classification systems, the old class/division method and the new zone 
system. The zone system has been used in Europe for many years and is now being 
included in the International Electrotechnical Committee (IEC) specifications. 

The old Class/Division system rates locations by class, division, and group. The 
area class determines the category of combustible atmosphere: flammable gases, 
vapors, or liquids (Class I); combustible dust (Class II); and combustible fibers 
(Class III). The division indicates the likelihood of a hazard to be present under 
different conditions. Hazardous atmospheres with similar combustion properties 
are listed in the same group. 

To ensure that the heat-tracing system selected will operate safely in a hazardous 
environment, it must also be classified according to its NEC temperature identifica- 
tion number, or T rating.” The NEC specifies that the temperature of the exposed 
surface of the (electric) equipment not be in excess of 80 percent of the ignition 
temperature of the combustible atmosphere. 

The Zone System offers more methods of protection of areas from both equip- 
ment failure and excessive temperatures. The T rating system is used, although 
there are not as many T ratings in the IEC system. The available ones, however, 
match those of the NEC exactly. The zone system has the possibility of being less 
expensive to install in some instances, and that is its attraction, especially on a 
worldwide design basis. 
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By comparing the 7 rating to the area classification, an assessment can be made 
as to heater eligibility for a particular piping system. See the later section “Design 
Considerations” for a further discussion of T ratings and sheath temperature calcula- 
tions. For a more detailed explanation of classes and zones, see Ref. 59. 


ENVIRONMENTAL CONSIDERATIONS 


Environmental factors include whether the area is dry or wet, moderately or severely 
corrosive or noncorrosive, and whether the tracing will experience rough handling 
or mechanical abuse during installation, operation, or maintenance. These consider- 
ations are primarily related to the performance of electric heat tracers. Electric 
heaters exposed to any of the environmental stresses listed above must be protected 
accordingly: A metal sheath of a material is able to withstand the corrosive agent 
for MI cable; a braided sheath covered by a polymer jacket formulated for protection 
from particular classes of corrosives is required for polymer-insulated types of 
heating cables (jacket of modified polyolefin for resistance to moisture and inorganic 
chemical agents; fluoropolymer for resistance to organic chemicals). The heater 
must be rated to withstand anticipated maximum exposure temperatures. 


HEATER RELIABILITY AND CONSEQUENCE 
OF FAILURE 


In addition to selection of a system with the appropriate T rating, environmental 
protection, and proper installation, a heat-tracing system must be evaluated in terms 
of the risk and consequence of failure. Savings in front-end costs may not be justified 
if the failure of a tracing system incurs the far larger expense of disrupting a process 
which depends on maintaining an acceptable temperature in the traced piping or 
requires removal and replacement of the thermal insulation and tracing system. 

Steam tracing systems have high maintenance costs, but system failure is generally 
not a concern. The major cause of electric tracing system failure is compromised 
insulation. Zone heaters and self-regulating heaters have parallel circuits. Failure 
of a single heating element does not bring down the entire system, and repairs can 
be made in the field. The series circuitry of MI and polymer-insulated cable allows 
no such flexibility. A single failure brings the entire system down. MI and polymer- 
insulated cable is difficult to field-repair, requiring the services of a trained techni- 
cian. See the section “Types of Heat-Tracing Systems" for detailed characteristics 
of different heat-tracing systems. 


TRACING OPTIONS FOR DIFFERENT 
TEMPERATURE RANGES 


Table B6.1 classifies heat-tracing technologies according to operating temperature 
ranges and maximum exposure temperature. 
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TABLE B6.2 Selected Examples of Time versus Temperature Loss in an Insulated Pipe 


Pipe fluid Light fuel oil Water 
Analysis ambient temperature Static aboveground 0°F (—18°C) Static aboveground —20°F (—29°C) 
Wind speed 20 mi/h (32.2 km/h) 20 mi/h (32.2 km/h) 
Pipe Carbon steel Carbon steel 
Nominal diameter 4 in (10 cm) 2 in (5 cm) and 0.5 in (125 cm) 
Insulation type and thickness Fiberglass 2 in (5 cm) Fiberglass 1 in (2.5 cm) 
Initial temperature 140°F (60°C) 50°F (10°C) 
Final temperature 90°F (32°C) 32°F (0°C) frozen solid 
Time to final temperature Th 21 h for 2 in, 4 h for 0.5 in 


Note: In practice, an occasional short interruption of power will not be a serious concern in the 
selection of electric heat-tracing. Heat loss from a fluid-filled pipe is sufficiently slow that intermittent 
power outages are unlikely to cause a serious lowering of temperature. 

Source: Heat-Up/Cool Down Analysis Program, Raychem Corp., Menlo Park, CA. 


AVAILABILITY OF STEAM AND ELECTRICITY 


In process plants, steam is almost universally available. And except in regions 
with substantially developed hydroelectric power, electricity is invariably generated 
from steam. 

When one is considering the use of electric heat-tracing, especially in some 
developing countries, the reliability of the power for uninterrupted delivery, avail- 
able voltages, and the consequences of outages must be evaluated. In practice, heat 
loss from a fluid-filled, insulated pipe is a rather slow process. It will take many 
times longer than the duration of an intermittent power outage to suffer a serious 
lowering of temperature. 

For example, an aboveground NPS 2 (DN 50) in carbon-steel pipe with 1 in (25 
mm) of fiberglass insulation containing static water at an initial temperature of 50°F 
(10°C) will take 21 h to freeze when the ambient temperature is —20°F (—29°C) 
(see Table B6.2). Unless power disruption is expected to be of long duration (an 
exceedingly rare occurrence), reliability of the power supply is not a determining 
consideration. One exception to this is the tracing of instrument lines. Because of 
their small size, instrument lines will freeze much more quickly. In the above 
example a 0.5-in instrument line would freeze solid in 4 h (see Table B6.2). While 
this is much quicker than a pipe, it is still generally less than the duration of the 
typical short-term power failure. 

The most significant factor in a decision between steam and electric tracing is 
the cost of installing and operating the system, and these costs depend on factors 
such as the geometry of the piping system, cost of labor and energy, and local 
tracing practice.” 


INSTALLED AND OPERATING COSTS 


In general, installation of steam tracing is more labor-intensive (12-in copper tubing 
is more difficult to install than the more flexible electric cable). In high-labor-cost 
areas, such as Europe and North America, the expense of labor can easily offset 
the higher material cost of electric tracing. In areas where labor costs are consider- 
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ably lower, steam may have an economic advantage. This is especially true in South 
America, where steam tracing predominates and the practice is well established.? 
Since most electricity is produced from steam with about a 40 percent conversion 
efficiency, raw energy cost will always favor steam by a factor of 2 to 3. However, 
steam tracers have inherent disadvantages that usually make electric tracing more 
cost-effective in overall energy utilization. Maintenance costs also tend to favor 
electric tracing. As with installation, the maintenance cost differential between 
electric and steam tracing will tend to be greatest in high-priced labor markets.? 
The above tradeoffs generally apply to both pipe tracing and the tracing of 
instrument lines. Because they are smaller, instrument lines require less energy, 
but this causes only a slight decrease in costs for both steam tracing and electric 
tracing. One major disadvantage steam tracing has in tracing instrument lines is 
that care must be taken to ensure that the steam tracer does not overheat the line. 
It is possible for a steam tracer to actually boil a small instrument line. This is 
generally not a concern with electric tracing as self-regulating heaters can be used. 


TABLE B6.3 Comparison of Electric and Steam Tracing 
Freeze Protection Costs 


Steam tracing 


Installed costs, $/ft of tracing 


Supply piping $ 637 

Steam tracer 9.32 

Steam trap assemblies 20.33 

Condensate return 5.33 

Thermal insulation line $18.65 

Thermal insulation, other 12.85 

Thermal insulation, total 31.50 
Total steam tracing installation costs $72.75 
Operating costs, $/ft of tracing/yr 

Energy tracer $1.85 

Energy traps 3.33 

Energy supply and return 0.76 
Energy, total 5.94 
Maintenance, total 1.46 
Total steam tracing operating costs $7.40 


Electric tracing 


Installed costs, $/ft of tracing 


Heaters $13.29 
Motor control center 0.26 
Panels 4.10 
Control and distribution 13.53 
Thermal insulation, total 19.58 
Total cost of electric tracing $50.76 
Operating costs, $/ft of tracing/yr 
Energy, total $0.11 
Maintenance, total 1.32 
Total operating cost of electric tracing $1.43 


Metric conversion: Multiply per-foot cost by 3.28 to obtain per-meter 
cost per year. 
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COMPUTER SELECTION PROGRAMS*^ 


Computer programs now exist which can greatly simplify the work of determining 
the economics of steam versus electric heat-tracing. Many heat-tracing vendors 
provide user-friendly heat-tracing selection programs for use with their lines of 
products. Input involves supplying answers to a series of fill-in-the-blank questions 
covering size, diameter, and geometry of the piping to be traced; ambient and 
maintenance temperatures; control requirements; labor costs; and exchange rates. 
The program then calculates worst-case heat loss, determines the components 
needed to build a steam or electric tracing system to maintain the pipe at the 
required temperature, and calculates the associated material, installation, and opera- 
tional costs for both cases. 


TABLE B6.4 Comparison of Electric and Steam Tracing 
Process Maintenance Temperature Costs 


Steam tracing 


Installed costs, $/ft of tracing 


Supply piping $ 27.62 

Steam tracer 9.30 

Steam trap assemblies 79.38 

Condensate return 24.98 

Thermal insulation line $17.72 

Thermal insulation, other 55.02 

Thermal insulation, total 72.74 
Total steam tracing installation costs $214.02 
Operating costs, $/ft of tracing/yr 

Energy tracer $ 3.64 

Energy traps 11.02 

Energy supply and return 2.12 
Energy, total $16.76 
Maintenance, total 6.18 
Total steam tracing operating costs $22.96 


Electric tracing 


Installed costs, $/ft of tracing 


Heaters $30.75 
Motor control center 0.44 
Panels 6.65 
Control and distribution 21.35 
Thermal insulation, total 19.02 
Total cost of electrical tracing $78.21 
Operating costs, $/ft of tracing/yr 
Energy total $0.05 
Maintenance total 1.73 
Total operating cost of electrical tracing $1.78 


Metric conversion: Multiply per-foot cost by 3.28 to obtain per-meter 
cost per year. 
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Cost Comparison of Steam and Electric Tracing 


In a study presented at a September 1990 meeting of the IEEE, a major chemical 
company compared the installed and operating costs of both steam tracing and 
electric tracing for a freeze protection system and for a process temperature mainte- 
nance system. 

An existing electric tracing system was used for the freeze protection analysis. 
The actual costs of installing and operating this system were compared with detailed 
engineering estimates of the costs of installing and operating a steam tracing system 
to do the same task. For the process temperature maintenance study, the costs of 
an existing steam tracing system were compared to detailed engineering estimates 
of the costs of a similar self-regulating electric tracing system. 

The results of this study are summarized in Tables B6.3 and B6.4, and they 
demonstrate that the electric tracing system is less costly to install and operate. It 
is interesting to note that even if the higher energy costs for steam are disregarded, 
the steam systems still have higher operating costs due to the expensive maintenance 
required. This suggests that the availability of excess low-pressure steam is not 
necessarily an adequate justification to select a steam tracing system instead of an 
electric tracing system. 


STEAM OR ELECTRIC TRACING: 
DESIGN CONSIDERATIONS 


Figure B6.13 provides a flow diagram designed to assist in choosing between steam 
and electric tracing. In addition to the distinctions made in the first two sections 
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FIGURE B6.13 Steam-electric selection flow diagram. (Raychem Corp., Menlo Park, CA.) 
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of this chapter, several factors must be considered in determining the type of 
tracing selected: 


* If steam is not available in the vicinity of the pipe being traced, the prohibitive 
cost of running a long steam supply line to the site usually eliminates the use of 
steam tracing from further consideration. By the same token, electric power must 
be available at the site to use electric tracing. When neither steam nor electricity 
is available, it is usually much cheaper to run electricity than to bring a supply 
of steam to a remote location." 


* Economics usually favor electric tracing for lines smaller than NPS 12 (DN 300) 
that maintain temperatures below 248°F (120°C). 


ELECTRIC SYSTEM DESIGN 


Electric heat-tracing is usually marketed through manufacturers’ representatives. 
Major manufacturers of heat-tracing have representatives throughout North 
America and in many other parts of the world, and most are capable of designing 
heat-tracing systems and training plant engineers to design their own systems. 
Many heat-tracing manufacturers are staffed by professionals who are extremely 
knowledgeable in heat-tracing practice. Purchasers of heat-tracing products and 
systems can and often do take advantage of the design expertise and related experi- 
ence that these companies make available to their customers. 

Computer programs which assist in the development of heat-tracing designs are 
available from several manufacturers of heat-tracing products. Computer design 
programs allow for the rapid and comprehensive evaluation of the changes in heat 
loss resulting from the alteration of system variables. The ease of performing multi- 
ple computer evaluations allows more extensive exploration in design optimization, 
and often leads to improvements which might not be accessible if these computations 
had to be carried out in a less automated fashion. See Tables B6.5 and B6.6. 

The following example demonstrates how a program is used in developing a 
heat-tracing design. In addition to calculating heat loss, these programs provide a 
checklist of the information required. 


Data Collection 


Once the information has been entered, the program will use the data to automati- 
cally select the optimum system components. While not all the requested informa- 
tion is always required, the use of a comprehensive inquiry form or a computer 
program helps ensure that all relevant data are collected. 


1. Thermal Data. Temperature at which the pipe is to be maintained: 


Tn = 40°F (5°C) 


Minimum expected ambient temperature: 


T, 20F (—18°C) 


09c'8 


TABLE B6.5a Input Menu Screen Display for the Computer Program (Metric Unit Support 
Available in Other Unit of Measure Menu) 


File Edit View Calculate Bepors Other Help 


D ; Process Piping Handbook 
Raychem : Line iD: PH Line 2 Maintenance T 40 "F 


Area Type: Non-hazardous 


Site: Piping Handbook j Process Operating T. 140 °F 

Startup T: 0 F : Max Heater Exposure T. 150 *F 

Minimum Ambient T: 0 "F i Fhid Cegractation T: 180 "F 

Chemical Exposure: None if Insulation Thickness: Fiberglass Pipe Insulation 
Voltage: 120 Vv I Pre List Steel: Schedule 40 
Breaker Size: 40 A i Contro) Calegery Freeze Protection 

! 
L 


M&C Option: Ambient TStat/No Monitoring 


Reference #: fa m Valve Code: wea ee 
Line ID: Valve Quantity: 2 
Site Code: fesson J Support Code: [hoea ad 
Process Code: flessonr — -] Support Distance: | 9 ft 
Pipe Size: [| sony] Support Quartity: [oo gy, 
msutetion Thickness: [Tin teequentty[~  — ——— 0 
Ppeteng:| 2300 f Spice Quai [OD 
Specified Heating Cable: fauto-Seect ~] Other Heat Sink Code fiiange =| 
Spec. Trace Rati | — ——— 00 Other Heat SinkQuantty | — ————— 6 
Line Comment: [0 a aaa Bg BB 
Grouping Codes: | € Circuit Breaker Number: [ti (‘Cz 
Panel Number: m 


Aklines Single Line [Catcutetions ] Bill of Materials | Errors | 


^ 8/1588 | S45PM_ «Modified» Fo |... Row 2 of 2, Project File: CRAYCHEMTCSPUSERYessont.T5P 


Source:  TraceCalc 5 Plus, Raychem Corporation, Menlo Park, CA, ©1998. 
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TABLE B6.5b Input Menu Screen for Data Organization under SITE and PROCESS 
Program (Metric Unit Support Available in Other Unit of Measure Menu) 


on-hazardous 


Freeze Protection 


Ambient TStat/No Monitoring. mE 


Source: TraceCalc 5 Plus, Raychem Corporation, Menlo Park, CA, ©1998. 


Comment. Both T,, and T, are needed to calculate the heat loss. 


Maximum temperature that the heater will be exposed to due to process upsets 
or steam cleaning: 


T, = 140°F (60°C) 


coca 


File Edit View (Calculate Reports Other 


TABLE B6.6 Calculated Results for Data Input (Metric Unit Support Available in Other Unit of 
Measure Menu) 


Raychem “Line b: PH Line 2 


Startup T: 0 "F 

Minimum Ambiert T: 0 °F 
Chemical Exposure: None 

Voltage: 120 V 

Breaker Size: 40 A 


Area Type: Non-hazardous 


wr 
NM 


43444 


Pracess Piping Handbook 
Mainterence T. 40 °F 
Process Operating T 140 "F 
Max Heater Exuoanure F 150 °F 
Fuid Degradation T 150 °F 


insulation Tniz«ness 
Pipe List 

Contro! Caledgor y: 

M 5 C Optiarc 


Steel: Schedule 40 
Freeze Protection 


Yaive Heat Loss: 
Valve Cable Length. 
Valve Cable Total: 


Support Heat Loss: 
Support Cable Length: 
Support Cable Total: 


Other HS Heat Loss: 
Other HS Cable Length: 
Other HS Cable Total: 


Area Classification: Non-hazardous 


Ambient TStato Monitoring I 


Fiberglass Pipe Insulation : 


151 tt 


Ad Lines ] Single Line Calculations [Bit of Materiais ] of Materials | Errors J 


i Heating Cable; SBTV1-CT 
a 
"m4 Heat Loss Rate: 43 
x Cable Cutput Rate: 56 
Pipe Trace Ratio: 10 
M Total Heating Cable Length: — 2514 
Y Maximum Circuit Length. 270 
Number of Circuits: 1 
Startup Current: 212 
Transformer Load: 1.59 
Min Uncontrolled Fipe Temp: 48 
Max Uncontrolled Pipe Temp: 117 
Min Controlled Pipe Temp: 40 
Max Controlled Pipe Temp: 84 
6198 | S40PM «Modfiede — 
Source: 


€———— 


TraceCalc 5 Plus, Raychem Corporation, Menlo Park, CA, ©1998. 


Row 2 of 2, Project File: CARAYCHEMIICS'PUSERVesson1.TSP ——— 


£9c8 


TABLE B6.6 Bill of Materials for Example Input (Metric Unit Support Available in Other Unit of 
Measure Menu) (Continued ) 


~> TraceCalc 5/Plus - lesson PERI 
File Edt "View Calculate Reports Other Help 


Raychem rei: ewe? 


Piping Handbook 


40 "F 
7 Site: Piping Handbook | Process Operating T: 140 "F 
Startup T: 0 "F | Max Heater Exposure T: 150 °F 
Minimum Ambient T: Oo F ' Fluid Degradation T: 150 "F 
Chemical Exposure: None i Inisulstion Thickness Fiberglass Pipe insulation 
Yottage: 120 V : Pine List. Steel: Schedule 40 
Breaker Size: 40 A Cartral Category: Freeze Protection 


Area Type: Non-hazardous 30 Option: Ambient TStatifo Monitoring 


a 
A Catalog Number Description 
Y 5 SBTv1-CT Raychem Heating Cable 
x 1 Each JBS-100-4 Single Entry Power Connection 
1 Each E-1üü0-4A High Profile End Seal 
v 1 Each AMC-14, Ambient Sensing Thermostat 
Y 7 Rolls GT6B Glass Tape (66 Ft/roll) 
24 Each ETL Label “Electric Traced" 
2 Each PS-10 Pipe Strap for 3" to 10" 
Alt Lines J Single Line j Calculations Bill of Materials [Errors J 
^ &niss | &42PM  ' «Modfied- | O OO | ^ Row 2 of 2, Project File: C'RAYCHEMVCSPUSERWessont.TóP ^ 


Source:  TraceCalc 5 Plus, Raychem Corporation, Menlo Park, CA, ©1998. 


B.264 GENERIC DESIGN CONSIDERATIONS 


Comment. The design calculation compares T, with the maximum intermittent 
exposure temperature of the heater to ensure that adequate safeguards are built 
in to protect the heater from damage and subsequent failure. This is a serious 
concern in the case of heat-sensitive polymer-insulated heaters. 


Process normal operating temperature: 
T, =50°F (10°C) 


Comment. This temperature is required to ensure that the heater selected can 
continuously withstand the operating temperature. 


System limit temperature (imposed by process fluid, insulation, pipe material, 
or safety considerations): 


T, = 500°F (260°C) 


Comment. This temperature is required to protect the rest of the system from 
high temperatures created by the heater. Such temperatures may be a concern 
where plastic pipes or temperature-sensitive fluids are to be traced. (Most heat- 
traced fluids are not temperature-sensitive and are transferred in steel pipe, so this 
variable is often of no concern in design considerations.) 


2. Pipe Data and Insulation Data 
Outside pipe diameter: 


Di =4in 


Comment. Tables and programs are based on nominal pipe size; actual diameter 
is required for use in the heat-loss equation. 


Outside diameter of insulated pipe: 
D; —6in 


Comment. Tables and programs are based on insulation thickness equal to 
(D2 —D,)/2 and thermal conductivity k of the insulation material or type. 


FG = fiberglass 


The following values are needed to calculate the pipe heat loss: Di, D», and k 
[= 0.25 Btu/(h -°F - ft?/in)]. 

The values of k are taken at the mean temperature between the inner and outer 
surfaces of the insulation. Note that the thermal conductivity of the insulation 
material varies with the mean temperature. 

Comment. Computer programs calculate the heat loss based on the insulation 
type. The thermal conductivity is estimated for a mean insulation temperature; k 
is temperature-dependent, although the variation is small for low and moderate 
temperatures. Changes in k should be considered for medium- and high-tempera- 
ture applications. 


Pipe length: 
Ly = 230 ft (70 m) 
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Comment. This value is needed to estimate the length of tracing cable required. 


Valves and other heat sinks: Include type and number of flanges, valves, hangers, 
fittings shoes, and anything that could require additional heat-tracing. 


3. Service Environment Data and Classification." Areas are classified on the 
basis of the severity of the fire and/or explosion hazard, which may be present. It 
is essential that the heater selected be used only in areas with classifications for 
which it has been approved. 


Standard Area Classification 


* Ordinary area (nonhazardous): Areas not having explosive vapors, dust, or fibers. 


* Class I, II, III, Division 2: Areas where explosive concentrations of vapors, dust, 
or fibers may be present in unusual circumstances. Special heat-tracing strip, 
usually equipped with a metal braid and an outer jacket, is used in these areas. 


* Class I, II, III, Division 1: Areas where explosive concentrations of vapors, dust, 
or fibers may be present in usual circumstances. Measures considerably more 
stringent than those taken for Division 2 are required in Division 1. 


* The computation example is for a Class 1, Division 2 area, a classification that 
is typical for the vast majority of hazardous-area designations. 


Chemical Exposure 


* Dry location (indoors) 
* Wet location or limited exposure to aqueous inorganic chemicals 
* Exposure to organic chemicals, greases, oils, or solvents 


(Some types of heat-tracing can withstand corrosive inorganic chemicals, but not 
organics.) 

Most heaters are designed for use in wet environments. Some heaters will need 
additional outer jackets if they are to be exposed to organic compounds." The 
computation example is for an outdoor environment with potential exposure to 
organic chemicals. 


4. Available Voltage. Heaters generally operate on 120 or 240 V. Most 240-V 
heaters are designed to operate at voltages from 208 to 277 V with some variations 
in power output. Generally 240-V heaters are preferred in industrial installations 
because they can support circuit lengths approximately twice as long as 120-V 
heaters can. This allows most jobs to be done with fewer circuits, considerably 
lowering the overall cost. Both 120- and 240-V systems are available in the computa- 
tion example. 


Heat Loss 


The next step in the design of electric heat-tracing is the calculation of the maximum 
heat loss from the pipe. This is the heat loss from the pipe when the pipe is at its 
design temperature (maintain temperature), the ambient temperature is at its lowest, 
and the wind is blowing (comparable to the coldest day of the year with a maximum 
wind chill). Under these worst-case conditions, the heater must be capable of 
replacing the heat loss in order to maintain the desired temperature. 
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In the majority of cases, heat loss in electric tracing applications is usually 
estimated from tables provided by tracing manufacturers or by means of computer 
programs. Table B6.7 is a typical heat-loss table from a heat-tracing manufacturer. 
Several things should be noted about this table: 


* It is based on fiberglass insulation. Correction factors for other types of insulation 
are given in the lower left-hand corner. 


* A 10 percent safety factor has been included. This is fairly standard practice in 
the industry. 


The table is based on a 20-mi/h (36-km/h) wind. In the absence of wind (indoors), 
the heat loss will be reduced by about 10 percent. Wind speeds above 20 mi/h 
(36 km/h) will have very little additional effect on the total heat loss, generally 
less than 1 percent when one is dealing with an insulated pipe. Although the 
resistance of the air film can change, the total resistance—insulation plus air 
film—will not be altered significantly since most of that resistance is provided by 
the insulation. 


The amount of additional heat-tracing needed for valves is indicated in the Valve 
Heat-Loss Factors table in the lower right-hand corner of Table B6.7. Several 
additional feet of tracing will be needed for each controller in an insulated en- 
closure. 


The heat loss per foot of pipe is calculated from Table B6.7 by following the 
procedure indicated in the thermal design guide chart (Fig. B6.14) as follows: 
* First, move across the top to locate the 4-in-pipe column. 


* Next, moving down the column, stop at the row corresponding to 1 in of insulation 
(left vertical axis). 


Following the calculation instruction method, a temperature differential T,, — T, 
of 50?F yields a heat loss of 5.4 W/ft. 


* Since the actual temperature differential is 40°F or 5°C (40°F or 5°C maintain, 
O°F or —18°C minimum ambient), interpolation is required, and the final result 
is 5.4 W/ft x 40/50 = 4.3 W/ft. 


This, then, is the heat loss; including a 10 percent safety factor, of the pipe with 
the ambient temperature at 0°F, the pipe at 40°F (5°C), and the wind blowing 20 
mi/h (32 km/h). The heater selected must be able to provide at least this much 
heat at a pipe temperature of 40°F (5°C). 

The equation used to calculate heat loss from IEEE Standard 515-1983 is”: 


Tn = T, 


Se MEL PNE (B6.1) 
Ro + Ri + Ri RS 


q 


where q = heat loss per unit length of pipe at minimum ambient temperature, 
Btu/(h- ft) 
T,, = pipe maintenance temperature, 40°F (5°C) 
T, = minimum ambient temperature, 0°F (—18°C) 
resistance to heat flow due to air film around outside insulation surface 
R, = resistance of insulation to heat flow 
R; = resistance of inside air film between pipe and insulation 
R.o = resistance to heat flow from fluid film on inner wall of pipe 


em 
Í 
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Heater Cable Selection 
After the data are collected, the procedure for selecting heating cables is as follows: 


1. Select the heater family to be used based on the “maintain” and exposure 
temperatures. Table B6.8 shows the temperature ratings for a series of commercial 
heaters. Based on a maintenance temperature T„ of 40°F (5°C) and an exposure 
temperature T, of 140°F (60°C), the economical choice is the heater family with 
lowest output capable of sustaining the required maintain temperature requirement 
and capable of withstanding the maximum intermittent exposure temperature. 


Choice: Heater family with T,, = 150°F (66°C), T, = 185°F (85°C) (B family). 

2. Select the power output of the heater based on the heat loss and the desired 
maintain temperature. In the example computation, a power output of at least 4.3 
W/ft at 40°F (5°C) is required. [Both the power output and the maintain temperature 
must be specified in order to select the correct heater. A power output of 4.3 
W/ft, for example, at 140°F (60°C) instead of 40°F (5°C), would lead to the selection 
of an entirely different heater finally.] Figure B6.15 gives the power outputs for 
various families of heaters. Once again, the most economical selection is the heater 
with the minimum power output needed to make up the heat loss at a specified T, 
of 40°F (5°C): 


Choice: Heater with power output of 5.7 W/ft at 40°F (5°C). [Output specification 
is based on 1 ft (0.3 m) of heater per 1 ft (0.3 m) of pipe.] 


In view of the heat replacement requirement, an alternate design solution could 
have employed a lower-cost heater with an output of only 3.5 W/ft in a spiral 
configuration of 1.23 ft (0.4 m) of heater per 1 ft (0.3 m) of pipe. The accepted 
practice of most experienced users in North America is to avoid spiraling. 

Spiraling increases installation costs and time, and in many cases it also increases 
material costs. For example, analysis of the selection options above demonstrates 
that although the cost per foot of the 4.3 W/ft heater is about 10 percent greater 
than that of the 3.5 W/ft heater, the spiraling requirement increases the overall 
material cost of the latter by 23 percent. This comparison does not include the 
additional cost of labor required for a spiral installation. In areas with very low 
labor costs, the economics of spiraling can be more attractive. Spiraling is most 
often employed in high-heat-loss configurations where the alternative is the use of 
multiple strips to generate adequate heat. 

In the event that a selection outcome indicates the need for more than one 
heater, it may be appropriate to review the heater family chosen. For example, 
while a heater output of 4.3 W/ft at 140°F (60°C) would require three strips of 
the heater selection E in Fig. B6.15, that same heat replacement could be more 
economically supplied by a single heater strip from selection D. 


3. Select the voltage classification. The 240-V heaters have circuit lengths approx- 
imately twice as long as those of the 120-V heaters. Minimizing the number of 
circuits is one of the most effective ways to reduce the costs of an electric heat- 
tracing system. 


Choice: 240-V heater. 


Most 240-V heaters can be used at voltages ranging from 208 to 277 V, with 
some power adjustment factors (see Table B6.9). 
For self-regulating heaters, it is important to obtain the power adjustment factor 
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TABLE B6.7 Pipe Heat-Loss Table 


Nominal pipe size (NPS) 


VA Vo 9A 1 14 1% 2 2% 
Insulation Tubing size (in) 
thickness AT 
(in) (°F) 3A 1 1% 1% 2 
0.5 50 1.9 2:5 2.9 3:5 4.1 4.6 5.5 6.5 
100 3.9 52 6.1 7:2, 8.6 9.6 11.5 13.5 
150 6.1 8.1 9.5 11.2 13.4 14.9 17.9 21.1 
200 8.5 11.3 13.2 15.6 18.6 20.7 24.9 29.2 
1.0 50 13 1.6 1.9 2:2 2.5 2.8 3 3.8 
100 2.7 3.4 3.9 45 5.2 5.8 6.8 7.8 
150 42 53 6.1 7.0 8.2 9.0 10.6 12.2 
200 5.8 74 8.4 9.7 11.3 12.4 14.6 16.9 
250 7.6 9.7 11.0 12.7 14.8 16.3 19.1 22.1 
1.5 50 1.1 13 1:5. 1.7 1.9 2.1 2.4 2.8 
100 2:2 2.8 3.1 3.5 4.0 44 5.1 5.8 
150 3.5 43 4.8 5.5 6.3 6.9 8.0 9.1 
200 48 5.9 6.7 7.6 8.7 9.5 11.0 12.6 
250 6.3 78 8.7 9.9 11.4 12.4 14.4 16.5 
300 7.9 9.7 11.0 12.4 14.3 15.6 18.1 20.6 
350 9.6 11.9 13.3 15.1 17.4 19.0 22.0 254 
2.0 50 0.9 1.1 1:3; 1.4 1.6 1.8 2.0 23 
100 2.0 24 AT 3.0 3.4 3.7 42 4.8 
150 3.1 3.7 4.2 4.7 53 5.8 6.6 3:5 
200 4.3 5.2 5.8 6.5 TA 8.0 9.2 10.4 
250 5.6 6.8 735 8.5 9.6 10.4 12.0 13.5 
300 7.0 8.5 9.4 10.6 12.1 13.1 15.0 17.0 
350 8.5 10.3 11.5 12.9 14.7 15.9 18.2 20.6 
2.5 50 0.9 1.0 12 13 1.4 1.6 1.8 2.0 
100 1.8 2:2 24 2 3.0 3.3 3.7 42 
150 2.8 3.4 32 42 47 5.1 5.8 6.5 
200 3.9 4.7 5.2 5.8 6.5 7.0 8.0 9.0 
250 5.1 6.1 6.8 7.6 8.5 9.2 10.5 11.7 
300 6.4 Te. 8.5 9.5 10.7 11.5 13.1 14.7 
350 78 9.3 10.3 11.5 13.0 14.0 15.9 17.9 
3.0 50 0.8 1.0 1.1 152; 13 1.4 1.6 1.8 
100 1.7 2.0 2:2 24 2.7 2.9 3:3 317 
150 2.6 3.1 3.4 3.8 43 4.6 5.2 5.8 
200 3.6 43 48 5.3 5.9 6.4 72 8.0 
250 4.8 5:7 6.2 6.9 78 8.3 9.4 10.5 
300 6.0 7. 7.8 8.7 9.7 10.4 11.8 13.2 
350 WS) 8.6 9.5 10.5 11.8 12.7 14.3 16.0 
4.0 50 0.7 0.9 0.9 10 LI 12 14 15 
100 1.5 1.8 2.0 el! 2.4 25 2.9 3:3 
150 24 2.8 3.0 3.4 3.7 4.0 44 4.9 
200 3.3 3.9 42 4.6 52 5.5 6.2 6.8 
250 43 5.1 5.5 6.1 6.7 d: 8.1 8.9 
300 54 6.3 6.9 7.6 8.5 9.0 10.1 11.2 
350 6.6 Tet 8.4 9.3 10.3 11.0 12.3 13.6 


Insulation factors 


Preformed pipe Insulation Based on K factor @ 50°F 
insulation factor (f) mean temp (Btu/h- °F - ft?/in) 
Glass fiber (ASTM C547) 1.00 125, 
Calcium silicate (ASTM C533) 1.50 375 
Cellular glass (ASTM C552) 1.60 .40 
Rigid cellular urethane (ASTM C591) 0.66 165 
Foamed elastomer (ASTM C534) 1.16 29 
Mineral fiber blanket (ASTM C553) 1.20 30 
Expanded perlite (ASTM C610) 1.50 375 
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TABLE B6.7 Pipe Heat-Loss Table (Continued) 


Nominal pipe size (NPS) 
3 3% 4 6 8 10 12 14 16 18 20 24 


7.7 8.6 9.6 13.6 17.4 21.4 25.2 27.5 31.3 35.0 38.8 46.2 
16.0 18.0 20.0 28.4 36.3 44.6 52.5 57.4 65.2 73.0 80.8 96.3 
25.0 28.1 31.2 44.3 56.6 69.6 81.9 89.5 101.7 113.8 126.0 150.2 
34.6 39.0 43.3 61.5 78.6 96.6 113.6 124.2 141.1 158.0 174.8 208.5 


4.4 49 5.4 75 9.4 11.5 13.5 14.7 16.6 18.6 20.5 24.4 
9.1 10.2 11.2 15.6 19.7 24.0 28.1 30.6 34.7 38.7 42.8 50.9 
14.2 15.9 17.5 24.3 30.7 37.4 43.8 47.8 54.1 60.4 66.7 79.4 
19.7 22.0 24.2 33.7 42.5 51.9 60.7 66.2 75.0 83.8 92.5 110.0 
25.8 28.7 31.7 44.0 55.6 67.9 79.4 86.6 98.1 109.6 121.0 143.9 


2:2 3.6 3.9 5.3 6.7 8.1 9.4 10.2 11.5 12.9 14.2 16.8 

6.7 7.4 8.1 11.1 13.9 16.8 19.6 21.3 24.0 26.8 29.5 35.0 
10.5 11.6 12:7 17.3 21.6 26.2 30.5 33.2 37.5 41.8 46.1 54.6 
14.5 16.1 17.6 24.0 30.0 36.3 42.3 46.0 52.0 57.9 63.8 75.7 
19.0 21.0 23.0 31.4 39.2 47.5 55:3 60.2 68.0 75.7 83.5 99.0 
23.8 26.3 28.8 39.3 49.2 59.6 69.3 75.4 85.1 94.9 104.6 124.0 
28.9 32.0 35.0 47.8 59.8 72.4 84.3 91.7 103.5 115.4 127.2 150.8 


2.6 2:9 3.1 4.2 22 6.3 7.3 7.9 8.9 9.9 10.9 12.9 
5.5 6.0 6.6 8.8 10.9 13.1 15.2 16.5 18.6 20.7 22.8 26.9 
8.5 9.4 10.2 13.8 17.0 20.5 23.8 25.8 29.0 32.3 35.5 42.0 
11.8 13.0 14.2 19.1 23.6 28.4 32.9 35.7 40.2 44.7 49.2 58.2 
15.5 17.0 18.5 24.9 30.9 37.2 43.1 46.7 52.6 58.5 64.3 76.1 
19.4 21.3 23.2 31.2 38.7 46.6 54.0 58.6 65.9 73.3 80.6 95.3 
23.6 25.9 28.3 38.0 47.1 56.6 65.6 71.2 80.2 89.1 98.1 115.9 


2.3 2.5 Qs) 3.6 4.4 5.2 6.1 6.6 7.4 8.2 9.0 10.6 
4.7 52 5.6 7.4 9.1 10.9 12.6 13.7 15.3 17.0 18.7 22.0 
TA 8.1 8.7 11.6 14.2 17.0 19.7 21.3 23.9 26.5 29.1 34.3 


10.2 11.2 12.1 16.1 19.7 23.6 27.2 29:5 33.1 36.7 40.3 47.5 
13.3 14.6 15.8 21.0 25.8 30.9 35.6 38.6 43.3 48.0 52.8 62.2 
16.7 18.3 19.8 26.3 32.3 38.7 44.6 48.4 54.3 60.2 66.1 77.9 
20.3 22.2 24.1 32.0 39.3 47.1 54.3 58.8 66.0 13:2 80.4 94.7 


2.0 2.2 2.4 3.1 3.8 4.5 3.2 5.6 6.3 7.0 7.6 9.0 
4.2 4.6 4.9 6.5 7.9 9.4 10.8 11.7 13.1 14.5 15.9 18.7 
6.6 7.1 VEI 10.1 12.4 14.7 16.9 18.3 20.5 22.6 24.8 29.2 
9.1 9.9 10.7 14.0 17.1 20.4 23.4 25.3 28.3 31.4 34.4 40.4 
11.9 12.9 14.0 18.3 22.4 26.6 30.6 33.1 3T 41.0 45.0 52.8 
14.9 16.2 17.5 23.0 28.1 33.4 38.4 41.5 46.5 51.4 56.3 66.2 
18.1 19.7 21.3 28.0 34.1 40.6 46.7 50.5 56.5 62.5 68.5 80.5 


1.7 1.8 2.0 25 3.1 3.6 4.1 4.4 5.0 5.5 6.0 7.0 
3.5 3.8 4.1 5.3 6.4 7.5 8.6 9:3 10.3 11.4 12.4 14.5 
5.5 6.0 6.4 8.3 10.0 11.8 13.4 14.5 16.1 17.8 19.4 22.7 
7.6 83 8.9 11.4 13.8 16.3 18.6 20.0 22.3 24.6 26.9 314 
10.0 10.8 11.6 15.0 18.1 21.3 24.3 26.2 29.2 32.2 39:2 41.1 
12.5 13.5 14.6 18.8 22.6 26.7 30.5 32.8 36.6 40.3 44.1 51.5 
15.2 16.5 17.7 22.8 27.5 324 37A 39.9 44.5 49.0 53.6 62.6 


Valve heat-loss factors 


Valve type Heat-loss factor 
Gate 4.3 
Butterfly 23 

Ball 2.6 
Globe 3:9 
Example: 


Heat loss for a 2-in gate valve is 4.3 times the heat loss for 1 ft of pipe of the same size and insulation. 


Pipe heat loss (Os) is shown in watts per foot. Heat-loss calculations are based on IEEE Std. 515—1983, 
Equation 1, with the following provisions: pipes insulated with glass fiber in accordance with ASTM C547; 
pipes located outdoors in a 20-mph wind; no insulating air-space assumed between pipe and insulation; 
no insulating air-space assumed between the insulation and outer cladding. A 1096 safety factor has 
been included. 

Source: Chemelex Auto-Trace Design Guide, Raychem Corp., Chemelex Division, Menlo Park, CA., 
1988, pp. 8-9. 
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To calculate the > Tu Desired maintenance temperature (°F) 
heat loss that must . 
be replaced by the P T, Minimum expected ambient temperature (°F) 
heating cable, you 
need to know: P Te Maximum intermittent exposure temperature (^F) 
P Pipe or tubing size *— Tambient 
> Thermal insulation type and thickness Thermal insulation 
Tmaintenance 
Example: Pipe or tubing 
Tw 50°F 
T4: 20°F . 
Te: 366°F (150 psig steam cleaning) 
Pipe size: 6” steel 
Insulation: 2" calcium silicate 
STEP Calculate temperature differential. — Calculate AT — T, —T4 
1 AT-T,4—TA = 50°F — (—20*F) 
AT=70°F, 
a ee 
STEP Determine pipe heat loss. From Table B6.7, 6” pipe, 2" insulation 
2 From Table B6.7 (next page), match and AT=70°F, Qs must be calcu- 


the pipe size and insulation thick- — lated through interpolation: 

ness with the temperature differen- 

tial (AT) to find the base heatloss Qg—42 w/ft + 20/50 x (8.8—4.2) 
of the pipe (Qa). 42418 


Note: Qs= 6.0 w/ft @ T, = 50°F 
Heat-loss calculations are based 
on IEEE Std. 515-1983, Equation 1. 


STEP Compensate for insulation type. From Table B6.7, f=1.50 for calcium 
3 Multiply the base heat loss of the silicate: 
pipe (Qe) from Step 2 by the insula- 
tion compensation factor (f) from Qr-Q, Xf 
Table 867 to get the actualheatioss =6.0 w/ft. X 1.50 
Qr). 
m 0, =9.0 wit. @ 50°F 
QrzQg Xt 


FIGURE B6.14 Thermal design chart. (Chemelex Auto-Trace Design Guide, Raychem Corp., 
Chemelex Division, Menlo Park, CA., 1988, p. 7.) 


TABLE B6.8 Heater Cable Temperature Ratings 


Maximum maintenance Maximum intermittent 
Family temperature Tn exposure T, 
B 150°F (65°C) 185°F (85°C) 
Q 225°F (110°C) 225°F (110°C) 
x 250°F (121°C) 420°F (215°C) 


Select the heating-cable family. Considering the maximum intermittent 
exposure temperature T, and the desired maintenance temperature Tp, 
select the appropriate heating cable family. 

Source: Raychem Design Guide for Insulated Pipes and Tubing, 
H5149, Raychem Corp., Menlo Park, CA. 


Power Output 


Watts/foot 
A 200TVÀ 
200T V2 
B 15OTVÀi 
i15QT'V2 
C 100TV2 
D 1007TV1 
E 108TV1 
1TOBTYV2 
F 8BTV1 
8BT V2 
G SBTV1 
58T V2 
H 3BTV1 


38T v2 
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LEER H H - vu! = 1 
Note: Wats/foot x 3.28 = Watts/meter 
(*F-32) x *s = *C 
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FIGURE B6.15 Thermal output of selected heaters. (Auto-Trace Design Guide, Raychem Corp., 
Menlo Park, CA, 1991, p. 12.) 


from the manufacturer instead of calculating the factor by using the square of the 
voltage. Ohm’s law (P = V?/R) still applies; however, for self-regulating heaters, 
the electric resistance R does not remain constant. The result is an adjustment 
factor smaller than the change calculated from the square of the voltage. 


4. Select the heater cable construction. The choice in cable construction is be- 
tween a base heater with one insulating jacket and no braid or ground path, and 
a heater equipped with a braid and extra outer jacket. (A braid is required in all 
areas, both hazardous, i.e., classified area, and ordinary.) 


Choice: Heater with a tinned braided, tinned copper (braid supplies the required 
ground path), and a fluoropolymer outer jacket for chemical resistance. 
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TABLE B6.9 Voltage Adjustment Chart 


240-V Autotrace heating cables powered at alternate voltages 


208 V 277 V 
Circuit 
Power Circuit length Power length 
Heating output, adjustment Maximum output, adjustment Maximum 

cable % factor circuit length % factor circuit length 
3BTV2-CT 82 0.99 630 ft (192 m) 113 1.03 710 ft (216 m) 
SBTV2-CT 85 0.99 500 ft (152 m) 112 1.07 585 ft (178 m) 
8BTV2-CT 89 0.93 385 ft (117 m) 108 1.08 465 ft (142 m) 
10BTV2-CT 89 0.93 330 ft (100 m) 108 1.05 395 ft (120 m) 
10QTV2-CT 85 0.98 365 ft (111 m) 118 1.03 410 ft (125 m) 
1SQTV2-CT 91 0.94 360 ft (110 m) 109 1.06 370 ft (113 m) 
200TV2-CT 90 0.92 350 ft (107 m) 107 1.06 430 ft (131 m) 
SXTV2-CT 84 0.94 720 ft (220 m) 119 0.97 750 ft (229 m) 
10XTV2-CT 83 0.95 510 ft (155 m) 119 0.97 575 ft (175 m) 
1SXTV2-CT 85 0.92 415 ft (126 m) 119 0.97 475 ft (145 m) 
20XTV2-CT 88 0.92 350 ft (107 m) 119 0.97 440 ft (134 m) 


Source: Auto-Trace Design Guide, Raychem Corp., Menlo Park, CA. 


The heater cable selection is now complete. Tables B6.10, B6.11, and B6.12 are 
the outputs of the computer selection program run with the data used in the 
calculated example. As expected, the program arrived at the same heater selection 
as the manual technique employed in the above discussion. The program output 
also provides important information that augments the design selection function. 


The design summary given in Table B6.10 provides the start-up load in amperes 
per foot as well as the operating load. The Min T maintained and Max T maintained 
are the maximum and minimum temperatures, respectively, the pipe can reach in 
this application in the absence of thermostatic control. 

The Min T maintained 48°F (9°C) will be the pipe temperature on the coldest 
day [0°F (—18°C)] with the wind blowing and minimum heater output. The Max 
T maintained will be the pipe temperature on the warmest day [95°F (35°C)] with 
no wind and maximum heater output. These temperature values are useful in 
determining whether thermostats are needed. (See the later section ‘‘Control 
and Monitoring.’’) 

The computer heat-tracing program can be used to implement a design change. 
The actual application for the computation example is a waterline in a process area 
where many of the process lines are regularly cleaned by purging with 150 psig 
(1035 kPa) steam at 366°F (186°C). It was concluded by the design team that a 
reasonable possibility existed that the traced line might be inadvertently steam- 
cleaned. What would the consequences be? 

The new variable requires that the maximum heater exposure temperature be 
changed from 140°F (60°C) to 390°F (199°C), and the resulting output is given in 
Tables B6.13, B6.14, and B6.15. The most significant outcome of the requirement 
for a higher maximum temperature of exposure is the program’s substitution of a 
heater designed to withstand the temperatures encountered during steam cleaning. 
The results of the new calculation show that the Min T maintained is relatively 
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TABLE B6.10 Design Input Summary for Computational Example Input. (Metric Unit Support 
Available in Other Unit of Measure Menu) 


- TraceLalc 5/Plus - lesson] 


Source:  TraceCalc 5 Plus, Raychem Corp., Menlo Park, CA, ©1998. 
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TABLE B6.11 Calculated Output from Computational Example. (Metric Unit Support Available in 
Other Unit of Measure Menu) 


taceCalc 5/Plus - lessoni 


Source:  TraceCalc 5 Plus, Raychem Corp., Menlo Park, CA, ©1998. 
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TABLE B6.12 Bill of Materials for Computational Example. (Metric Unit Support Available in 
Other Unit of Measure Menu) 


TraceCale 5/Plus - lessonl 


Quantity Catalog Number 


SET 2-CT Rey them Hesting Takie 
Single Entry Power Connection 
High Profile End Seal 
Ambient Sensing Thermostat 
Glass Tape (56 Ftirolt) 
Label. "Electric Traced” 
Pipe Strap for 3" to 10" 


Source:  TraceCalc 5 Plus, Raychem Corp., Menlo Park, CA, ©1998. 
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TABLE B6.13 Design Input Summary for Steam-Cleaned Computational Example. (Metric Unit 
Support Available in Other Unit of Measure Menu) 


TraceCalc 5/Pius 


Source:  TraceCalc 5 Plus, Raychem Corp., Menlo Park, CA, ©1998. 
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TABLE B6.14 Calculated Output from Steam-Cleaned Computational Example. (Metric Unit 
Support Available in Other Unit of Measure Menu) 


TraceCalc 5/Plus 


Source: TraceCalc 5 Plus, Raychem Corp., Menlo Park, CA, ©1998. 


TABLE B6.15 Bill of Materials for Steam-Cleaned Computational Example. (Metric Unit Support 
Available in Other Unit of Measure Menu) 


TraceCalc 5/Plus - lessonl 


Cataiog Number Description 


hem Heatiri 
J8&-100-4A Single Entry Power Connection 
E-100-A Hich Profile End Seal 
AMC-1A Ambient Sensing Thermostat 
GT66 Glass Tape (66 FtJroll) 
ETL Label "Electric Traced" 
PS-1D Fipe Strap tor 3" to 10" 


Source:  TraceCalc 5 Plus, Raychem Corp., Menlo Park, CA, ©1998. 
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unchanged at 47°F (8°C), but the Max T maintained has increased to 146°F (63°C). 
This increase in the maximum temperature is a function of the original heater's 
power temperature curve, which is considerably steeper when compared with the 
type selected for the new set of conditions. If a constant-wattage heater had been 
selected, the maximum temperature would be well above 146°F (63°C). The design 
change calculation illustrates two important rules to follow when using self-regulat- 
ing heaters: 

Rule I. Never risk exposing the heater to temperatures in excess of those for 
which the heater is rated. If the heater originally specified (7, = 185°F, or 85°C) 
had been installed and the pipe were subsequently steam-cleaned, the heater would 
have suffered an irreversible resistance increase; i.e., it would no longer be func- 
tional. The cost of repair/removal of the lagging, removal and possible replacement 
of the insulation, replacement of the heater, followed by reinstallation of the entire 
system, would be more than the original price of the system. And this sum is in 
addition to process-related costs which might result from heater failure, such as 
the replacement of frozen and/or broken pipe, or in lengthy production downtime 
when a failed tracer shuts down a process. 

Because of the potential costs resulting from tracer failure caused by inadvertent 
exposure to steam, experienced heat-tracing professionals generally use heaters 
capable of withstanding steam cleaning in any area where steam cleaning is practiced. 

Rule 2. Select the heater with the lowest temperature rating capable of with- 
standing the anticipated maximum exposure temperature. 


1. The higher-temperature heaters are generally more expensive because they are 
made from more costly heat-resistant polymers. 


2. The higher temperature generated by high-temperature heaters can cause safety 
problems. Unnecessary heating also increases the rate of corrosion and wastes 
energy. Higher-temperature heaters often require a more expensive heater con- 
trol system. 


While the potential savings in purchasing a low-temperature heater are not worth 
the risk of heater failure from steam cleaning, these additional costs are not justified 
in applications where there is no risk of steam exposure. Water pipe in a pollution 
control area where no steam is available is an example. 


Component and Accessory Selection 


The components necessary to provide power and to terminate, splice, and tee the 
heat-tracing are provided by the manufacturer. With self-regulating and zone, it is 
important to acquire components designed for the heat-tracing system selected, to 
ensure that the approvals are valid. Each supplier's system of components is unique 
and generally not interchangeable with that of other manufacturers. In some cases 
the components from one supplier may work in another's heat-tracing system, but 
they must be verified to be acceptable for such use. The components available in 
this example are shown in Fig. B6.16. 

Each manufacturer provides or recommends a complete system of components 
and accessories to install the heater as part of a total tracing system. Table B6.12 
(the design exhibit from the computer solution) shows a complete bill of material 
for the design example. In addition to the power connection and the end termination, 
a splice and/or a tee may be required. The other materials on the list are 


* ETL (electric traced label). The National Electric Code requires that electric 
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PMKG-J2L 


ede 
PMKG-JY f ; 


JBS-100-A 
AM 


FIGURE B6.16 Component selection guide. (Raychem Design Guide, Raychem Corp., Menlo 
Park, CA, © 1998.) 


traced pipes have signs on the outside of the lagging on alternating sides every 
10 ft. 


* GT66 glass tape for taping the heater to the pipe. 
* PS-10 pipe straps to attach the power connection assembly to the pipe. 


Control and Monitoring 


Control and monitoring must be considered as part of the system design since these 
elements can have a significant effect on the circuit layout. 


1. Control. Controlis the ability to interrupt and restore power to the heat tracer 
in order to maintain the temperature within a preset range and/or to save energy. 
Monitoring is any method that provides an ongoing indication of the heating system's 
operational status. The major control options are as follows: 

No Control, or Self-Regulating Control. The heater is constantly supplied 
with full power, and the self-regulating characteristics of the heater control the pipe 
temperature. In a limited number of tracing situations, a no-control configuration 
can also be used with constant-wattage heaters. If a circuit without controller is 
used in a hazardous area, the T rating must be calculated at 120 percent of the 
rated voltage. (See the earlier section “Area Classification.") 

Self-regulating control offers the lowest installed cost and the highest reliability. 
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This system uses more energy because the heater is always on. Approximately 8 
to 12 percent of the freeze protection systems and 10 to 15 percent of the process 
temperature systems use self-regulating control. 

Ambient-Sensing Control. A thermostat measures the ambient temperature. 
The heating system is energized when the ambient temperature drops below a 
preset level. Ambient sensing offers a degree of control for very little incremental 
cost (one thermostat and the required switching device). Of the freeze protection 
systems, particularly those that use self-regulating heaters, 70 to 80 percent use 
ambient-sensing control. 

Line-Sensing Control. A sensor measures the temperature of the pipe. Each 
heater circuit is individually controlled to maintain the design temperature by either 
varying or turning the circuit voltage on and off (see Fig. B6.17). Line sensing is 
often used for process control systems. It offers the highest degree of temperature 
control and the lowest energy use, but it also has the highest installed costs.” 

Dead Leg Control. A thermostat measures a section of traced pipe that cannot 
have fluid flow (a “dead leg"). The entire system is turned on when the temperature 
drops below the design temperature to be maintained. Dead leg sensing requires 


FIGURE B6.17  Line-sensing circuit design for multiple flow paths. (M. Sarfatti, 
editor. Raychem Engineering Manual for Electric Heat Tracing Systems, vol. 1, 
U.S. edition, pp. 2-27, Fig. 3-11.) 
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only one thermostat and eliminates the need for the additional circuits required 
with line-sensing control. The downside of dead leg sensing is the inability of the 
system to reduce heat output even when flow conditions within the pipe would 
dictate such an adjustment. (By definition, the dead leg on which the sensor is 
placed is in a permanent no-flow condition.9) Presently, about 5 to 10 percent of 
the systems installed use dead leg control. 

Proportional Ambient-Sensing Control (PASC). A new addition to available 
control methods is proportional ambient-sensing control. This control will measure 
ambient, determine the heat-up and cool-down rates of the smallest pipe, and cycle 
the power to the heater circuit depending on these variables. This will impose a 
duty cycle on the heating system that decreases the variability of the temperature 
range. One can think of it as global control. If they are self-regulating heaters, they 
will provide a local override for much tighter temperature control. At minimum 
ambient temperature, the power is on 100 percent of the time. As the ambient 
temperature approaches the maintain temperature, the duty cycle decreases propor- 
tionally. If the maintain temperature is above the maximum ambient temperature, 
the controller never shuts off completely, and there will always be some proportion 
of the duty cycle maintained. With self-regulating heaters, this system also adjusts 
heat input for valves and supports, depending on their actual thermal characteristics 
instead of the design characteristics. If a valve is a little hot, the self-regulating 
heater supplies a little less heat; if the valve is a little cold, the heater supplies a 
little more heat. 

This global system reduces circuit costs since now flow paths are not a critical 
part of the design. This method has been used with freeze protection systems with 
ambient control, and now this improved PASC version is available for process 
temperature maintenance systems. Significant cost savings and a tighter temperature 
control band are available. Figure B6.18 shows the relationship between control 
type and temperature variation for various electric heat-tracing control categories 
for a typical freeze protection application. The minimum ambient temperature is 
O°F (—18°C) and the maintain temperature is 40°F (5°C). A new expert system 
design program (Ref. 54) is able to calculate various expected results when the 
design parameters are specified in the program. These programs will predict the 
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FIGURE B6.18 Temperature range for control options. 
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steady-state temperatures for various piping systems including the valves and 
supports. 

Stabilized design temperatures for Zone 1 and Zone 2 are also calculated. The 
combination of PASC with self-regulating heaters gives the electric heat-trace de- 
signer an optimum system to develop cost-effective and reliable systems that provide 
significantly less temperature variation across the different thermal features of a 
typical piping system. 


2. Monitoring. Monitoring is the term used to describe any mechanism that 
provides information about the functional state of the heat-tracing system.” Most 
heat-tracing systems employ one of the following monitoring methods: 

No Monitoring. The vast majority of heat-tracing systems are not provided 
with monitoring. Users have found that properly installed heat-tracing systems are 
very reliable, and under these circumstances, the high cost of monitoring is not 
generally warranted. 

Ground-Fault Monitoring. Leakage current from the heater strip can be moni- 
tored with a ground-fault circuit breaker. An annunciator is included to indicate 
when the breaker has tripped, or alternatively, a relay is switched in response to 
a loss of voltage. This method is also a good way to monitor the heater strip for 
mechanical abuse since significant mechanical damage to a braided heater will result 
in leakage current to the braid. Use of ground-fault breakers with annunciators or 
relays provides the highest value of added protection per monitoring dollar invested. 

Voltage Monitoring. Voltage at the beginning of the circuit can be sensed by 
actuating a relay-driven alarm whenever there is no voltage from the circuit breaker. 
A signal light is the simplest technique for monitoring voltage at the end of the 
circuit. This system is often used for freeze protection applications with ambient- 
sensing control and either self-regulating heaters or zone heaters but not with MI 
cable, as MI cable usually requires line-sensing thermostats. 

Although a light indicator is a low-cost system, it requires a visual inspection 
to detect voltage loss. Thus, there is a good chance that a cut line will lead to a 
failure before it is detected. The technique does not work well with line-sensing 
thermostats or dead leg control since there is no way to distinguish if the light is 
off because of a cut line or because of a cycling thermostat. 

Voltage Sensing with Microprocessor-Based Monitoring and Control Sys- 
tem. The best of these systems uses resistance temperature detectors (RTDs). 
(See Fig. B6.19.) Since the bus wires of the heaters are used to carry the detector 
signal, any cut in the line trips the alarm due to signal loss. Microprocessor-based 
monitoring and control systems are capable of providing very accurate information 


NS 


Signal leads Sensor 


FIGURE B6.19 Resistance temperature device. (Chemelex Auto-Trace Installation and 
Operation Manual, Raychem Corp., Process Division, Menlo Park, CA, p. 1.5.3.) 
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about the condition of the heat-tracing system and the pipe temperature, but they 
often cost as much as the heat-tracing system itself. For this reason, they are 
generally used only for temperature-critical applications. 

Temperature Sensing. Thermostats can be used to alarm when the temperature 
at any monitored point drops below the alarm temperature. This is a good technique 
when there is only one or two points (such as critical control valves) where the 
proper temperature must be maintained. 

The current draw of the heat tracer can also be monitored with microprocessor- 
based systems using a simple ammeter to indicate the current draw of each circuit. 
Current monitoring works well with all types of heaters when line-sensing control 
is used, but is a poor choice in applications employing ambient-sensing control and 
self-regulating heaters. 


Power Line Carrier 


A distributed data acquisition system that uses the ac power lines as the data 
transmission medium is a new addition to the monitoring and control area. The 
system uses frequency shift keying to encode digital data onto the power line 
network. Digital 0s and 1s are transmitted by changing the frequency of the carrier 
(e.g., from 50 to 47.5 kHz). The digital data are transmitted in a message package 
that includes an error check to guarantee data integrity. 

The system uses power from a parallel-circuit heat-tracing cable, measures the 
temperature at the end of the pipe, and transmits these data to a monitoring panel. 
If a signal is received, the user knows there is voltage to the end of the circuit. In 
addition, the temperature of the pipe is known. Alarm limits and automatic enuncia- 
tion to a central location can be set. Significant savings are realized when both field 
power and instrument wiring are eliminated. 


REFERENCES 


1. K. Henry, Introduction to Heat Tracing, Cold Regions Research and Engineering Lab, 
Report no. CRREL-TD-86-1, June 1986, p. 1. 


. LP. Kohli, “Steam Tracing of Pipelines,” Chem. Eng., March 26, 1979, p. 156. 
. E. Fisch, “Winterizing Process Plants," Chem. Eng., August 20, 1984, p. 130. 
. Reference 2. 

. Reference 1, p. 2. 


ON Un fF WN 


. J.T. Lonsdale, and J.E. Mundy, “Estimating Pipe Heat-Tracing Costs," Chem. Eng., Novem- 
ber 29, 1982, pp. 89-93. 


7. Reference 2, p. 159. 

8. Reference 1, p. 4. 

9. Chet Sandberg, Electrical Heat Tracing Systems for Use in Pulp and Paper Plants; Considera- 
tions for the 1990’s, ISA Pulp and Paper Industries Division Symposium (in conjunction 
with TAPPE), Nashville, TN, March 1993. 

10. Reference 1, pp. 5-6. 

11. J.E. Bilbro, and J.E. Levines, “Electric Heat Tracing—State of the Art,” JEEE Transac- 

tions on Industry and General Applications, vol. IGA-5, no. 4, July/August 1969, p. 476. 

12. J.T. Lonsdale, and L. Mayer, Heat-Tracing Technologies, Energy Use and Temperature 

Control, Raychem Corp. Draft Report, 1988, p. 5. 


13. 


14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


28. 
29. 
30. 
31. 


32. 


33. 
34. 
35. 
36. 
37. 


38. 
39. 
40. 
41. 
42. 


43. 
44. 
45. 
46. 
47. 
48. 


HEAT-TRACING OF PIPING SYSTEMS B.285 


Chemelex Auto-Trace Design Guide, Raychem Corp., Chemelex Division, Menlo Park, 
CA, 1991, p. 7. 


Reference 6, p. 89. 
Reference 9, p. 5. 
Reference 12, pp. 4-5. 
Reference 1, p. 9. 
Reference 12, pp. 4-5. 
Reference 1, p. 9. 
Reference 6, pp. 89-90. 
Reference 12, pp. 4-5. 
Reference 12, pp. 4-5. 
Reference 12, p. 2. 
Reference 6, p. 89. 
Reference 6, p. 89. 
Reference 12, p. 3. 


R.N. Ohlson, “A User's Experience with Current Self-Limiting Heat Tracing Cable," 
IEEE Paper no. PCI-80-25, p. 180. 


Reference 27, p. 180. 
Reference 1, pp. 8-9. 
Reference 12, p. 3. 


IEEE Recommended Practice for Electrical Impedance, Induction, and Skin Effect Heat- 
ing of Pipelines and Vessels, ANSI/IEEE Std. 844-1992, pp. 29-30; C.J. Erickson, Chair- 
man, the Electrical Impedance, Induction and Skin Effect Heating Working Group, Stan- 
dards Subcommittee of the Petroleum and Chemical Industry Committee. 


N.B. Carson, A New Method for Heat Tracing Long Pipelines, ASME, Petroleum Mechani- 
cal Engineering Conference, Dallas, TX, September 15-18, 1974, pp. 2-4. 


Reference 32, p. 4. 
Reference 31, p. 30. 
Reference 1, p. 15. 
Reference 32, p. 4. 


M. Ando, and H. Takki, Application of the SECT Electric Heating System to Long Distance 
Pipelines; Comité Français Electrothermie, 9th International Congress, October 20-24, 
1980, p. 1. 


Reference 31, p. 30. 
Reference 1, p. 15. 
Reference 31, pp. 18-19. 
Reference 1, pp 15-16. 


George Koester, II, *Pipe Heat Tracing with Electric Impedance Heating," Plant Engi- 
neering, vol. 32, no. 24, pp. 113-116, November 23, 1978. 


Reference 1, p. 16. 
Reference 1, p. 16. 
Reference 31, p. 23. 
Reference 1, p. 17. 
Reference 31, p. 16. 


P.J. Schram, ed., National Electrical Code 1996 Handbook, 4th ed., National Fire Protection 
Association, Quincy, MA. 


B.286 GENERIC DESIGN CONSIDERATIONS 


49. 
50. 
51. 


52. 
53. 
54. 
55. 
56. 
57. 
58. 


59. 


60. 
61. 
62. 


Reference 50, Article 500, pp. 659-677. 
Reference 6, pp. 89-93. 


Heat Up/Cool Down Analysis Program, Raychem Corp., Process Division, Menlo 
Park, CA. 


Reference 12, p. 11. 

Reference 9, p. 10. 

AutoTrace Steam Analysis Program, Raychem Corp., Menlo Park, CA. 
C.J. Erickson, IEEE Paper no. PCI-90-2, September 1990, p. 9. 
Reference 12, p. 11. 

Reference 51. 


M. Sarfatti, ed., Raychem Engineering Manual for Electrical Heat-Tracing Systems, vol. 
1, U.S. edition, pp. 3-33. 


IEEE Std. 515-1983, Section 6.3.5, p. 14, IEEE Recommended Practice for the Testing, 
Design, Installation, and Maintenance of Electrical Resistance Heat-Tracing for Industrial 
Applications, R. Hulett and Dusty Brown, Chairman, Working Group Standards Subcom- 
mittee of the Petroleum and Chemical Industry Committee. 

Reference 12, p. 9. 

Reference 58, pp. 3-19, 3-25. 


Reference 58, pp. 4-19 through 4-27. 


CHAPTER B7 


THERMAL INSULATION 
OF PIPING 


Kenneth R. Collier 
Systems Engineer 
Pittsburgh Corning Corporation 
Pittsburgh, PA 


Kathleen M. Posteraro 
Systems Engineer 
Pittsburgh Corning Corporation 
Pittsburgh, PA 


Thermal insulation serves many useful purposes in both industrial and commercial 
piping applications. In simplest terms, thermal insulation reduces heat flow from 
one surface to another. For hot, or above ambient, piping applications, thermal 
insulation reduces heat loss. On cold, or below ambient, piping applications, the 
insulation generally serves the purpose of minimizing heat gain. 

In some cases the design purpose of the application may seem unrelated to heat 
loss or heat gain; however, the net result is that heat transfer is retarded. Two 
illustrations are insulation for personnel protection and insulation for condensa- 
tion control. 

For personnel protection there must be enough insulation to keep the surface 
temperature below a given design value—usually 140°F (60°C). For condensation 
control, there must be enough insulation to keep the surface temperature above 
the dew point. In both cases the insulation is used to control the surface temperature 
for a desired effect other than thermal conservation. The effect, however, is that 
in both cases insulation retards heat transfer enough to control the surface tempera- 
ture at the given design criteria. 

There is much more to correctly designing and specifying an insulation system 
than just selecting a particular insulation material to be used. This chapter will 
discuss some of the practical information necessary to initiate an effective insulation 
system design. The National Insulation Association (NIA) in its “Wheels of Learn- 
ing" training program defines insulation as “those materials or combination of 
materials which retard the flow of heat." As noted in the NIA definition of insulation, 
a combination of materials may be used. The emphasis on the word system when 
referring to the purpose of this chapter signifies the importance of considering 
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all the materials, conditions, and parameters involved in insulation specification 
and design. 

An insulation system is any combination of insulation materials used in conjunc- 
tion with mastic, adhesives, sealants, coatings, membranes, barriers, and/or other 
accessory products to provide an efficient assembly for the reduction of heat flow. 
The engineering of insulation systems can frequently either determine or direct the 
ultimate performance of the process. Improperly engineered insulation systems 
are subject to damage and degradation. This degradation will compromise the 
performance characteristics of the insulation material and in many cases the entire 
process for which the insulation system was specified. 

There are many different types of insulation materials available for commerical 
and industrial piping applications. Each material has its own set of properties and 
performance characteristics. And for each insulation material available, a correct 
application procedure and corresponding accessory materials, or “system,” are 
available. 

Before we get into the essence of this chapter, which addresses some of the 
design parameters, materials, and systems that are commonly incorporated into 
insulation system design, it is necessary to review some fundamentals of heat 
transfer. 


FUNDAMENTALS OF HEAT TRANSFER 


The following definitions, taken from ASTM C168-88a, Standard Definitions of 
Terms Relating to Thermal Insulating Materials, and the NIA “Wheels of Learning" 
training program, will be useful in reviewing the fundamentals of heat transfer. 


Btu (British thermal unit): the amount of energy required to raise 1 Ib of water 
1°F (The equivalent metric designation is a joule, which is defined as the work 
done when the point of application of a force of 1 N is displaced a distance of 
1 min the direction of the force. 1 cal = 4.1868 J: furthermore, 1 Btu = 1055.06 J.) 


Conduction: the transfer of energy (heat) within a body (material) or between 
two bodies in physical contact. 


Convection: the transfer of heat by movement of parts of a liquid or gas within 
the liquid or gas because of differences in the density, temperature, etc., of 
the parts. 


Radiation: the transfer of energy (heat) from a higher-temperature body, through 
space, to another lower temperature body without warming the space between. 


Thermal conductivity k: the time rate of steady state heat flow through a unit 
area of a homogeneous material induced by a unit temperature gradient in a 
direction perpendicular to that unit area. Units are commonly Btu : in (h- ft? °F) 
[W/(m - K)]. 

Emittance E: the ratio of the radiant flux emitted by a specimen to that emitted 
by a black body at the same temperature and under the same conditions. 


Radiance: the rate of radiant emission per unit solid angle and per unit projected 
area of a source in a stated angular direction from the surface (usually the 
normal). 


Reflectance: the fraction of the incident radiation upon a surface that is reflected 
from the surface. 


THERMAL INSULATION OF PIPING B.289 


Heat flow or heat flow rate Q: the quantity of heat transferred to or from a 
system in unit time. Usually measured in Btu/h. 


Thermal insulation: a material or assembly of materials used to provide resistance 
to heat flow. 


Thermal insulation system: applied or installed thermal insulation complete with 
any accessories, vapor retarder, and facing required. 


Heat is transferred by any one of, or combination of, conduction, convection, and/ 
or radiation. 

Conduction only occurs when there is physical contact. Heat is transferred 
through most metals very efficiently because metal is a good conductor. A good 
insulation material is a poor conductor. Convection, with respect to insulation 
systems, is the movement of air on or about the surface of an insulated body. And 
radiation is best described by referring to the warmth you feel when you stand in 
the sun or by a fire. 

Heat transferred through insulation is primarily a function of the resistance of 
the insulation with respect to its thickness, the operating temperature of the surface 
being insulated, the surface characteristics of the outer membrane (see emittance 
above), and the ambient conditions involved. 

Thermal conductivity, as defined above, is the rate of heat transfer in one 
direction (perpendicular to an area) per unit area, per unit temperature differential 
per unit thickness, per unit time. In the English system of units, typical dimen- 
sions are 


|k| = Btu/(h-^F-f?/ft) = Btu/(h-ft-^F) — [W/em-°C] 
or —_|k| = Btu/(h °F. ft’ /in) [W/(m? - K)] 
or  |k| = Btu-in(h-ft-°F) — [W/(m?.K)] 


The units of measurement used have absolutely no effect on the fundamental 
equation of heat transfer. Heat transferred through flat surface geometry is most 
commonly represented by Eq. (B7.1): 


Q- AQ; — T) 
EE cx 


where Q = total heat loss, Btu (h- ft?) (W/m?) 
A = area of heat flow, ft? (m?) 
T; = inside operating temperature, °F (°C or K) 
T, = outside ambient temperature, °F (°C or K) 
X = insulation thickness, in (m) 
k = thermal conductivity, Btu: in (h- ft?-°F) [W/(m - K)] 
1/f = surface resistance factor 


(B7.1) 


Heat transferred through cylindrical, or pipe insulation, geometry is most commonly 
represented by Eq. (B7.2) and Fig. B7.1. 


2n KL(T; — T;) 


(B7.2) 
Roln (Ro/ Ri) 
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FIGURE B7.1 Cross-section of an insulated pipe. 


where Q = total heat loss Btu/(h - ft’) 
k = thermal conductivity, Btu - in/(h - f? °F) [W/(m - K)] 
L = lineal ft (m) 
T; = inside operating temperature, °F (°C) 
T, = outside ambient temperature, °F (°C) 
R; = bare pipe radius, in (m) 
R, = radius to insulated surface, in (m) 


In = natural logarithm 
insulation, geometry with 


Heat transferred through cylindrical, or pipe 
multiple layers of insulation is most commonly represented by Eq. (B7.3) and 
Fig. B7. 
s [xh 
[Rs In (5 /Rj)] /Ki + [Rs In (Ro/Ri)| /Ka + [Rs In (Rs/Ra)]/K3 +1/f 
(B7.3) 


where Q = total heat loss, Btu/(h- f?) (W/m?) 
k = thermal conductivity, Btu - in/(h - ft? - °F) [W/(m - K)] 
T; = inside operating temperature, °F (°C) 
T, = outside ambient temperature, °F (°C) 
R; = bare pipe radius, in (m) 
R, = radius of outer surface of first layer in (m) 
R, = radius of outer surface of second layer, in (m) 
R, = outside radius of outermost layer, in (m) 
In = natural logarithm 
1/f = surface resistance factor 
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Pipe 
FIGURE B7.2 Cross-section of an insulated pipe with multiple layers. 


Surface resistance is represented by the inverse of the air film (1/f) factor, as 
seen in Eqs. (B7.1) and (B7.3). When heat flows through a solid material and then 
out into another atmosphere (usually air), a resistance to heat flow created by the 
phase change at the interface between the two atmospheres is encountered at the 
surface separating the solid from the other atmosphere. Less heat will flow from 
the surface, therefore, than if no resistance were offered at this point. 

In the case of good conductors of heat, surface resistance is the greater part of 
the total resistance of heat flow. In connection with efficient insulating materials, 
however, surface resistance is small compared with the resistance of the materi- 
als themselves. 

Numerically, surface resistance is the reciprocal of the rate of heat transmission 
from surface to air. That is, if the rate of heat transmission from surface to air is 
2.0 Btu/(ft?-°F-h) (W/m?), the surface resistance is 0.5 (h-f?)/Btu (m?/W). A 
higher rate of heat transmission from the surface indicates a lower surface resistance, 
and vice versa. 

Air velocity has a significant impact on surface resistance. Figure B7.3 shows 
values of surface resistance sufficiently accurate for use in insulation calculations, 
where the surface resistance is usually less than 25 percent and frequently less than 
10 percent of the total resistance. 

Thermal conductivity is a specific property of a homogeneous material. Its value 
is, like that of density, not dependent on the area, thickness, or shape of the material. 
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FIGURE B7.3 Surface resistance 1/f at various velocities. 


It is a rate and is therefore unaffected by geometry. Heat transmission, however, 
is dependent upon the geometry of the body to be insulated and is predominantly 
governed by the length of the path (thickness). 

Thermal conductivity is dependent upon temperature, but this is also true of 
other specific properties of a material, e.g., density. Standard test methods for 
determining thermal transmission properties of insulation materials are covered in 


* ASTM Standard Test Method C177, Steady-State Thermal Transmission (Proper- 
ties by Means of the Guarded Hot Plate) 


* ASTM Standard Test Method C518, Steady-State Thermal Transmission Proper- 
ties by Means of the Heat Flow Meter 


In Table B7.1, conservative thermal conductivity values are shown for several 
commonly used industrial and commercial insulation materials. The thermal conduc- 


TABLE B7.1 Properties and Limitations of Insulation Materials 


Compressive Maximum Minimum Conductivity 

Insulation strength temperature temperature Permeability [Btu-in/(h-ft?-°F)] | Spread/smoke 

material (psi) CF) CF) (perm - in) at 50°F, 200°F density index 
Calcium silicate 100 1000 250 NA NA, 0.43 0/0 
Cellular glass* 87 900 —450 0.005 0.28, 0.37 5/0 
Elastomeric foam NA 200 —40 0.03 0.29, NA 25/50 
Fiberglass 2.5 at 10961 850 42 75 0.29, 0.39 25/50 
Mineral wool 10 at 109et 1200 42 150 
Expanded perlite 70 1000 250 18 NA, 0.52 25/50 
Phenolic foam 22 at 10961 300 75 6-7 0.15, 0.25 25/50 
Polystyrene foam 25 165 —65 1-5 0.23, NA NA 
Polyurethane and 30 250 —200 2-4 0.17, NA 25/50 


polyisocyanurate 


* For flat surfaces capped per ASTM C240 (hot asphalt, 15# felt). 

t While compressive strength technically measures the stress at which a material fails under load, deformation 
monitors a material's structural distortion with or without actual failure. So, with compressible insulations, failure 
is recorded as the point at which an insulation's deformation reaches a percentage of its thickness— usually between 
5 and 25 percent—for various densities. 
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tivity values are shown as a function of the mean temperature between the inner 
and outer surfaces of the insulation. This method of expressing thermal conductivi- 
ties permits their use in the calculation of heat transfer through materials whether 
used singly or in combination with other materials. 


DESIGN PARAMETERS 


By providing a medium for retarding heat transfer, thermal insulation serves many 
useful functions in industrial and commercial piping applications. In specifying an 
insulation system, it is important to consider the parameters of your process and 
application needs. These are the whys of insulation system design. Why, or for what 
purpose, is the pipe going to be insulated? The following are some common design 
criteria used in insulation system design for piping applications: 


* Controlling heat loss on hot piping 
* Providing personnel protection 
* Providing personnel comfort in commercial buildings 


Reducing heat gain on cold piping 


Limiting or retarding surface condensation 

* Providing process control 

* Economic optimization or energy conservation 
* Providing fire protection 


Providing freeze protection 


Providing noise control 


In many applications these criteria will overlap, and designing for one condition 
will benefit by the attainment of another. One example of such overlapping criteria 
occurs with the control of heat loss. In designing for a maximum heat loss of a 
given value, an added benefit may be that the surface temperature is sufficient to 
provide personnel protection. Another example of overlapping criteria is condensa- 
tion control. In humid environments, when insulation is sized according to condensa- 
tion control parameters, the added benefit will often be an economically optimum 
design for the reduction of heat gain on the cold pipe. 

Environmental, physical, and mechanical conditions play an important role in 
insulation system design. Indoor applications, for example, generally do not require 
the complexity of design that outdoor applications require. 

Similarly, below ambient designs are often more complicated than above ambient 
designs. The physical abuse and mechanical conditions that an insulation system is 
subject to are also important to consider in the design process. 

The following paragraphs offer a brief explanation of the purpose of considering 
each of the above items. 


Controlling Heat Loss on Hot Piping 


The objective behind controlling heat loss on hot piping can be very narrow or, 
very broad in scope with multifaceted purposes. As mentioned in the introduction 
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to this chapter, insulation in any application serves one primary function: to reduce 
the heat flow from one surface to another. 

Some of the areas that are listed above fall into the category of controlling heat 
loss on hot piping, i.e., 


* Providing personnel protection 

* Providing personnel comfort in commercial buildings 
* Providing process control 

* Economic optimization or energy conservation 

* Providing freeze protection 


One of the most important things to understand about this particular subheading, 
"Controlling Heat Loss on Hot Piping," is the word control. Insulation, by itself, 
does not have the ability to maintain or hold temperature within a system. Insulation 
can only provide a means for control. Insulation can limit, retard, reduce, minimize, 
or slow down the rate at which heat flows through or out of the system, but it 
cannot stop the process. Insulation is merely a resistor to heat flow; it is not a 
barrier to heat flow. 

Insulation systems, however, can be designed to maintain a body or a mass at 
a given temperature. These systems require the use of additional energy input from 
any of a number of possible sources. Some of the more obvious sources of additional 
energy input are heat-tracing, pressure, and flow rate. Heat tracing, pressurized 
systems, and flow dependent systems will be discussed later in this chapter. 


Personnel Protection. When providing for personnel protection, only enough insu- 
lation is applied to protect individuals from being burned by the heat of the pipe 
surface. Traditionally the upper temperature limit of the surface of the insulation, 
used as a guide-line for personnel protection, was 140°F (60°C). In recent years, 
however, a more conservative design temperature for personnel protection is 
125°F (52°C). 

The ASTM Standard Guide C1055, Standard Guide for Heated System Surface 
Conditions That Produce Contact Burn Injuries,’ indicates that the normal metabo- 
lism threshold pain level occurs at approximately 111°F (44°C). At this point and 
up to 140°F (60°C), potential injury is still considered to be reversible. The maximum 
level of pain occurs at approximately 140°F (60°C), at which point injury from skin 
contact may have irreversible effects. 

To date, there are no mandates or statutes that govern any upper temperature 
limit for personnel protection. However, many industries have accepted or adopted 
125°F (52°C) as a common practice. 

In some design applications where there is clearly no justification for insulation 
and insulation could actually be a detriment to the process, the fabricated guards 
are employed to provide personnel protection. 

In other cases, where guards are impractical and insulation is more appropriate, 
the insulation is applied only to the piping that is within 7 ft (2.1 m) of the ground 
or platform in high risk areas. In a situation such as this where the insulation does 
not continue beyond the protected area, it is very important that the insulation 
system be properly flashed and sealed to prevent water ingress, as shown in Fig. B7.4. 

In designing an insulation system for personnel protection, the outer surface 
conditions become very important. In general, on hot piping, less insulation is 
required with a painted metal or mastic finish than if a shiny metal finish is used. 
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FIGURE B7.4 Flashing and sealing. 


This is a direct function of the emissivity of the surface material. The emissivity of 
the surface material is a function of the material's reflectivity and absorptivity. The 
emittance of a surface material is determined on a scale where a reflective material, 
not emitting any infrared energy, is rated 0 and a nonreflective material, emitting 
all its infrared energy, is rated 1. Both limits are impractical to attain. Figure B7.5 
simplifies the expression of emittance performance as it relates to personnel pro- 
tection.* 

In situations where solar loads are high, highly reflective metal jacketing materials 
reflect much of the radiant heat, thus causing surfaces which are too hot to touch. 
Dull, textured finishes such as fabric reinforced mastic will tend to absorb more of 
the radiant heat and thus have a higher emittance value, creating a surface condition 
which is cooler to the touch. 

Wind conditions also make up an important design criterion in designing for 
personnel protection. In open areas in coastal regions, for example, there is usually 
a prevailing wind that can be considered in the insulation system design. In this 
situation, less insulation would be required than if the piping system were in an 
enclosed space sheltered from the wind. 

This provides an additional source of heat loss—convection—which occurs at 
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FIGURE B7.5 Emissivity illustration. 


the surface in this case. This heat loss cools the surface of the insulation; however, 
it also decreases the effectiveness of the overall insulation system. 

When designing for personnel protection on hot piping, these factors must be con- 
sidered: 


1. What are the worst case ambient temperature and wind conditions the system 
will be subjected to? Consider the ambient conditions which will create the hottest 
surface temperature for each application, such as summer weather with no wind 
and a metal jacketing material. Note that when designing for worst case weather 
conditions, in most applications it is best to use the average worst case conditions 
(i.e., average summer weather, average summer wind). If the absolute worst case 
condition is used as the design criterion, the system will usually have an uneconomi- 
cal and even impractical insulation thickness. 


2. What is the risk factor with respect to location of the piping to human contact? 
Consider the potential of human contact. If there is no opportunity for human 
contact, then insulation for personnel protection may not be necessary. Limited 
human presence may only require a sign or a fabricated guard. Frequent human 
presence will require insulation for personnel protection. And frequent human 
contact will require a thorough investigation into the most efficient insulation system 
for personnel protection. 


Providing Personnel Comfort in Commercial Buildings. n addition to personnel 
protection and in a similar capacity, insulation has traditionally been used to provide 
personnel comfort in enclosed spaces. Heat loss from hot piping in commercial and 
institutional buildings is primarily an economic consideration. Of course, heat loss 
into the environment in enclosed spaces can significantly impact the comfort of the 
personnel occupying the space; however, this heat is usually offset by the climate 
control systems. 

For example, in hot summer conditions when air conditioning is required, heat 
loss into enclosed spaces will significantly impact the loads on air compressors and 
associated climate control equipment. The personnel occupying the space may never 
actually feel the heat loss from the piping, but it will be evidenced in higher 
equipment maintenance costs and utility bills. 
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When designing for personnel comfort in commercial buildings, these factors 
must be considered: 


1. What are the worst case ambient weather conditions that the building will be 
subjected to? Generally when designing mechanical HVAC systems for commer- 
cial buildings, the worst case ambient temperature is taken as an average for 
the seasons. The worst case in Saskatoon, Saskatchewan, will be an average of 
the temperatures from December through March. The worst case in Miami, 
Florida, will be an average of the temperatures from June through September. 


2. What will be the effect on the HVAC systems that will have to offset the heat 
loss? The additional energy requirement placed on evaporators, compressors, 
and water chillers can be substantial. Properly designing and insulating the 
hot water and chilled water lines in commercial buildings will help minimize 
this problem. 


Process Control. Process control is a very critical design parameter in many indus- 
trial environments. Providing a stable temperature flow throughout a process system 
is in many cases more important than any other design criterion. For example, in 
the transport of liquid sulfur through a piping system, it is imperative that the 
temperature of the sulfur never drop below its freezing point. In this scenario, the 
time and energy required to get the frozen sulfur into a molten and flowing state 
again are more expensive than the cost to replace the transport piping altogether. 
In another example, providing a uniform temperature heat transfer medium (i.e., 
steam, synthetic heat transfer fluids, etc.) to a chemical reaction vessel is essential 
to a proper chemical reaction. Not enough heat or too much heat can completely 
change or even nullify the chemical reaction. In both these examples, the cost of 
improper consideration of process control requirements is significant. 

In a paper entitled “Thermal Insulation Design Concepts," Charles W. Sisler, 
of Monsanto, Inc., states the following relating to process control: 


Thermal insulation has a primary function of keeping the process of its equipment and 
piping hot enough or cold enough to meet operating requirements. This function takes 
precedence over all others when the following conditions must be controlled: 


1. Process in elevated temperature service: 
a. Excessive reflux condensation in distillation equipment. 
b. Crystallization of solids on equipment or piping walls. 
c. Yield loss or product deterioration from excessive heat input or pressure build- 
up to compensate for heat loss. 


Process control is important in any piping system; however, it is not always the 
controlling design parameter. For example, a loss of process control in a hot water 
heating system in a commercial building will probably not cause the building to 
shut down until the process is stabilized. It may require that the climate control 
system operate longer and that the energy input be greater than it would normally 
be; however, it could conceivably operate under these conditions indefinitely. 

As a controlling design parameter, the loss of process control would cause system 
shutdown, significant product loss, process or product failure, or a significant health 
and safety hazard. 

When designing for process control with respect to heat loss on hot piping, these 
factors must be considered: 


1. What is the worst case ambient temperature that the system will be subjected 
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to? For process control purposes, the worst case ambient temperature is the one 
which will most adversely affect the process. On hot piping applications, this will 
be the average winter weather conditions for the geographic location of the facility. 


2. What are the temperature limitations of the process being controlled? Evalu- 
ate the insulation system based on the amount of temperature change that the 
process can tolerate. This will play an important role in how much insulation is 
required to control the process. 


3. What are the consequences in terms of cost and safety of lost process control? 
If the system is allowed to extend outside the temperature limitations of the process, 
what will happen? A good example is steam. When allowed to cool, steam will 
begin to condense inside the pipe. If this is allowed to get out of control, it can 
cause serious process problems. Liquids do not convey as well as gases, the presence 
of liquids can cause corrosion problems, and it requires more energy to keep the 
liquid hot than it does to keep the gas hot. 


Economic Optimization or Energy Conservation. One of the most common rea- 
sons people think of for placing insulation on hot piping is economic optimization. 
Actually, however, it is much less common today than in the mid-1970s to see 
insulation used for this purpose. 

Prior to the “energy crisis" of the early 1970s, thermal insulation used on hot 
piping applications served two primary purposes: personnel protection and process 
control. These two design parameters are discussed above. 

When the cost of energy began to increase in the early 1970s, large energy and 
oil consumers began to look for a means to control costs. One of the most cost 
effective ways to control energy costs is to provide an efficient insulation system. 
An efficient insulation system is a theoretically static system surrounding a body 
such that the energy requirement to control the heat loss from that body is reduced 
by a given or predetermined design value. 

To better understand this concept, it is useful to first examine heat losses from 


TABLE B7.2 Heat Losses from Bare Surfaces 


Hot surface Temperature Loss Hot surface Temperature Loss 

temp (°F) diff (°F) [Btu/(ft? - h)] temp (°C) diff (°C) (W/m?) 
100 30 50 38 17 157 
200 130 295 93 72 930 
300 230 654 149 128 2,061 
400 330 1,145 204 183 3,609 
500 430 1,806 260 239 5,693 
600 530 2,666 316 295 8,404 
700 630 3,765 371 350 11,869 
800 730 5,126 427 406 16,160 
900 830 6,799 482 461 21,434 
1,000 930 8,885 538 517 28.010 
1,100 1,030 11,400 593 572 35,939 
1,200 1,130 14,394 649 628 45,378 
1,300 1,230 17,896 704 683 56,418 
1,400 1,330 21,758 760 739 68,594 
1,500 1,430 25,983 816 795 81,913 


Still-air conditions, air temperature 70°F (21.1°C), surface emittance = 0.95. 
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bare surfaces. The rates of heat loss from bare surfaces at temperature differences 
up to 1000°F (538°C) are shown in Table B7.2. These are average values for still- 
air conditions, and although there is some variation for different pipe sizes and 
for different absolute temperatures of surroundings, these variations are small as 
compared with those caused by comparatively low air velocities. Therefore, these 
average values are sufficiently accurate for engineering purposes. 

Heat losses expressed only in British thermal units (Btu) are not usually so 
significant as when expressed in actual costs in dollars. In Fig. B7.6, the equivalent 
losses in dollars per square foot per year (8760 h) have been shown for various 
temperatures per 1,000,000 Btu (292,000 W - h). [And 1,000,000 Btu (292,000 W - h) 
is approximately equivalent to 1000 Ib of steam at 350°F and 150 psig.] 

The value of energy per 1,000,000 Btu either is known or may be computed 
readily for a given fuel of known cost and a given efficiency. Thus, this procedure 
renders Fig. B7.6 applicable to a wide range of fuels and conditions. 

To approximate the most economically optimal insulation thickness, first the 
operating conditions and the environmental conditions must be defined. The op- 
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FIGURE B7.6 Equivalent loss in dollars per square foot at various fuel 
costs per 1,000,000 Btu. 
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erating conditions are the factors that make up the actual process (i.e., pipe size, 
contents, flow rate, operating temperature). The environmental conditions make 
up the atmosphere within which the insulated pipe will be operating (i.e., ambient 
temperatures, wind conditions, annual rainfall, humidity). 


Example B7.1. Take as an example a 1-ft? surface area operating 7200 h/yr at 
300°F (149°C) above the temperature of the surrounding air. Then the loss per 
year, at an energy value of $3.50 per 1,000,000 Btu, is $25.07 X 7200/8760= $20.60. 
Suitable insulation savings upward of 90 percent of this loss may be applied at a 
cost considerably less than 1 year's savings, when compared to the cost of the energy 
consumption required with no insulation at all. This illustrates the desirability of 
insulating such surfaces as boiler drum heads, manways, flanges, and fittings which 
are frequently left uninsulated, even though adjacent piping is provided with effec- 
tive insulation. 

The magnitude of losses from bare heated surfaces as compared with the rela- 
tively small losses from such surfaces when properly insulated is illustrated in Fig. 
B7.7. In this illustration, heat losses per degree of temperature difference from 
bare surfaces are shown by the upper curve, and heat losses from insulated surfaces 
are shown by the lower curve. The area between the two curves represents the 
savings due to insulation. 

When designing for economic optimization with respect to heat loss on hot 
piping, these factors must be considered: 


1. What are the average ambient temperature conditions that the system will 
be subjected to? In the case of economic optimization, processes are usually evalu- 
ated on an annual basis, or on a life cycle basis if operated only during portions 
of the year. Taking an average ambient condition over the course of time during 
which the process will be in operation will enable the designer to determine the 
economically efficient insulation thickness. 


2. What are the operating temperatures of the process? Each range of tempera- 
tures that will be involved in the process should be evaluated on its own criteria. If 
the process swings through a range of temperatures (cyclical systems), the thickness 
should be based on the worst case condition on a time weighted basis. 


3. What is the life expectancy of the system being designed? Life expectancy is 
a very important variable in the evaluation of economic insulation thickness. A 
longer life expectancy will justify a more sophisticated insulation system than a 
quick turnaround project. 


4. Will insulation thicknesses specified for economic optimization be a detriment 
or an asset to efficient process control? In some cases, the insulation thickness 
required for economic optimization may not be ideally suited to process control. 
For example, in some very humid regions, the economic insulation thickness for a 
chilled water line may not be sufficient to provide adequate condensation control. 
Another example is hot piping in a quick turnaround project. The economic insula- 
tion thickness required to insulate a heat transfer pipe at 650°F (343°C) for a 2-yr 
life expectancy will be less than what is required to keep the heat transfer fluid at 
a uniform and stable condition. In both examples, the process control condition 
would prevail over the economic thickness. 


Providing Freeze Protection. The final subject, as defined above, with respect to 
controlling heat loss is insulation system design for the prevention of freezing. Freeze 
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FIGURE B7.7 Heat-loss comparison. 


protection can be provided by any of the following, but is usually a combination of 
three means: 


1. Insulation thickness 
2. Flow rate 
3. Additional heat input 


As mentioned earlier in this chapter, insulation alone cannot maintain a tempera- 
ture. Regardless of the insulation thickness, if a fluid body is stagnant, there is no 
additional heat input, and the ambient temperature outside the pipe is below the 
freezing point of the fluid, then the fluid will eventually freeze. The thickness of 
the insulation can slow down the freezing process, but cannot stop it. 

Fluid in motion takes much longer to freeze than stagnant fluid. Therefore, in 
the design of any freeze protection system, the flow rate must be factored in. If 


B.302 GENERIC DESIGN CONSIDERATIONS 


there is no flow during significant time intervals, consideration must be given to 
additional heat input. 

Additional heat input is provided by means of various types of heat tracing. 
Typically there is steam, electric resistance tapes, and heat transfer fluids. Of these 
three, the most common application for piping purposes is electric resistance tapes. 
Additional heat input requirements are usually provided as a complimentary service 
of heat tracing manufacturers and by some, but not all, insulation manufacturers. 
Refer to Chap. B6 for heat tracing of piping. 

When designing to provide for freeze protection, some of the factors that must 
be considered are as follows: 


1. What is the worst case ambient temperature condition that the system will 
be subjected to? For freeze protection, the coldest temperature for the longest 
amount of time must be considered. For example, an underground water pipe that 
has to traverse a river on the underside of a bridge would have two ambient 
conditions: the ground temperature at the pipe depth and the winter weather 
conditions in the geographic location of the bridge. 

If the bridge is in Houston, Texas, the worst case condition might be 30°F (—1°C) 
for 1 day with a 15 mph (24 kmph) wind. If the bridge is in Bemidji, Minnesota, 
the worst case condition might be —10°F (—23°C) with a 10 mph (16 kmph) wind 
for 20 days. 


2. What is the lowest allowable operating temperature of the process? All liquids 
have different freezing temperatures. For example, water freezes at 32°F (0°C), but 
molten sulfur freezes at 120°F (49°C). Both would require freeze protection in 
Bemidji, but the water line may not require it in Houston. 


3. What is the normal operating temperatue of the fluid? It is possible in many 
processes that the normal operating temperature of the fluid is higher than the 
freezing temperature. In a freeze protection evaluation, the time to reach a freezing 
temperature must be considered in addition to the time to freeze. In the case of 
the water line in Houston, the normal operating temperature of the water may be 
55°F (13°C), and due to a possible drop in temperature, depending on the size of 
the pipe, it may not even reach 32°F (0°C) much less freeze before the temperature 
gets back up above 32°F (0°C). 


4. What are the physical properties (i.e., density, specific heat) of the fluid? It 
is useful to know the physical properties of the fluid being protected if a detailed 
analysis is to be performed. For example, a high density fluid will take longer to 
reach its freezing point than a low density fluid. 


5. What is the flow rate of the fluid? Fluid in motion (with enough pressure 
behind it) will not freeze. Therefore, in many applications if the liquid can be kept 
flowing, the use of insulation for the sole purpose of freeze protection can be 
eliminated. In most instances, however, it is when the flow is interrupted that the 
freeze protection is required. 

6. What is the maximum downtime that the fluid might remain in a stagnant 
state? If the maximum downtime that the fluid is stagnant is less than the time 
required to freeze under the given design conditions, then insulation requirements 
can be reduced or eliminated. 


Reducing Heat Gain on Cold Piping 


In cold piping applications, the main objective of providing insulation is the reduc- 
tion of heat gain. This process is most often evidenced in terms of providing process 
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control and limiting or retarding surface condensation. The most important control- 
ling factor in the effort to minimize heat gain on cold piping is the prevention of 
moisture migration into the insulation system, or water intake. This type of moisture 
migration will have a dramatic effect on system performance. 


Process Control. As mentioned earlier in this chapter, in the explanation of process 
control as it relates to hot piping, process control is often the most important 
guiding criterion relating to insulation system design. In cold piping applications, 
this statement is even more paramount than in hot piping applications. 

In most cold processes (with the exception of chilled water piping in climate 
control systems), the maximum allowable heat transfer for process control purposes 
is 30 to 40 Btu/(h- ft’) (95 to 126 W/m’). The consequences of exceeding this limit 
are so costly that a safety factor of 4 is frequently employed, resulting in a design 
limitation of 8 to 10 Btu/(h- f?) (25 to 31.5 W/m’). By comparison, chilled water 
piping systems are usually designed around 40 to 50 Btu/(h- ft’) (126 to 158 W/ 
m°), and hot water and steam systems are often designed around 100 Btu/(hr - ft’) 
(316 W/m?) or more. 

In another example, liquefied gases must be kept below their boiling points. 
This is usually accomplished with a combination of pressure and insulation. If the 
temperature of the liquid gas is allowed to exceed the process control design 
parameters, the consequence is either a costly loss of gas through vaporization or 
a potentially hazardous buildup of pressure. 

Cold piping systems are subject to degradation from the environment, more so 
than hot piping systems. This stems primarily from the direction of the vapor driving 
force in these applications. On hot systems, the water vapor driving force is away 
from the pipe, and although the ingress of water into the insulation can adversely 
affect the insulation performance, it is generally considered to be temporary. Con- 
versely, on cold systems, the water vapor driving force is inward toward the pipe. 
The ingress of water, therefore, into the insulation system will gradually increase 
with time; it will slowly deteriorate and eventually destroy the system. 

For these reasons, it is extremely important that the total insulation system 
design be very thoroughly thought out, to counteract the potential effects of the 
environment. The use of vapor barrier mastics and low permeability joint sealants 
is essential to adequate system performance. From a process control standpoint, 
these materials are just as important as the insulation itself to the performance of 
the process. 


Limiting or Retarding Surface Condensation. Insulation systems can be designed 
to limit or retard surface condensation, but in most cases they cannot be designed 
to prevent condensation. In some very dry climates, insulation systems can be 
designed to prevent condensation most of the time; however, even in the driest 
desert, dew settles on the ground in the early morning hours. When dew settles on 
the surface of an insulation system, it is considered condensation. 

In humid regions, it is not feasible to consider designing an insulation system 
to prevent condensation. In these areas the insulation thicknesses required of even 
the most efficient insulations available would be unrealistic from both a financial 
and a practical perspective. 

Surface condensation can sometimes be a problem, primarily from a maintenance 
control perspective, but in the long term from an insulation efficiency standpoint 
as well. This is particularly a problem where absorptive insulation materials are 
present. Surface condensation can cause mold and mildew formation, which presents 
health and safety hazards. When metal jacketing is present, surface condensation 
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can cause pitting and corrosion of the membrane. And when condensation is allowed 
to remain present for extended periods of time, it can cause membrane degradation, 
leading to moisture ingress into the insulation. 

As with personnel protection, the outer membrane selected for limiting conden- 
sation plays an important part in providing good condensation control. The surface 
temperature of the insulation system is the controlling factor in how often condensa- 
tion will form and how long it will be present. 

When designing to limit or retard surface condensation, some of these factors 
should be considered: 


1. What are the average summer ambient temperature and wind conditions (not 
worst case) that the system will be subjected to? For retarding surface condensation 
it is very important that the average summer conditions are used, not the worst 
case. This is because the worst case ambient weather conditions in the summer 
months, particularly in the coastal regions, are such that it is unrealistic to try to 
achieve condensation control. The insulation thicknesses required of even the most 
efficient insulations systems available are economically infeasible and impractical 
for worst case summer conditions. 


2. Whatis the operating temperature of the process? The operating temperature 
of the process will have a significant effect on whether condensation control needs 
to be considered. For example, on a cryogenic pipeline the insulation required to 
provide process control will usually exceed the insulation thickness required to 
provide condensation control. 


3. How important is condensation control in the overall performance of the 
process? In many outdoor conditions, condensation control is not a particularly 
important design criterion. Condensation does not present as much of a process 
problem as it does an aesthetic problem. In indoor or rooftop applications, condensa- 
tion can be a problem as it represents building or structural degradation potential. 


Providing Fire Protection 


As a general rule, insulation materials are better suited for use as thermal insulation 
than as fire protection. However, the National Fire Protection Association (NFPA) 
and the American Petroleum Institute (API) acknowledge conditions under which 
some insulation materials may provide "credit" in the design and sizing of pressure 
relief valves. Accordingly, there are several test methods, some private and others 
public, which are used to determine the suitability of insulation materials for fire 
protection applications. 

The Flammable and Combustible Liquids Code, NFPA 30, states in section 
2-2.5.7(a) that 


Insulation systems for which credit is taken shall meet the following performance cri- 
teria: 


1. Remain in place under fire exposure conditions. 

2. Withstand dislodgment when subjected to hose stream impingement during fire 
exposure. This requirement may be waived where use of solid hose streams is not 
contemplated or would not be practical. 

3. Maintain a maximum conductance value of 4.0 Btu/(h - f? - °F) (W/n?) when the 
outer insulation jacket or cover is at a temperature of 1660°F (904.4°C) and when 
the mean temperature of the insulation is 1000°F (537.8°C). 
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API Recommended Practice 521 requires the same basic performance criteria; 
however, it includes the following time limitation: 


Section 3.12.2.1. . . This period of exposure may range from 20 minutes to one hour, 
depending on the adequacy of fire-fighting provisions, the accessibility of equipment, 
and the degree of skill and training of the fire-fighting group. . . . 


In item 1 above, the requirement is that the insulation remain in place under the 
fire exposure conditions. This is usually accomplished by using a stainless steel 
jacketing material, of sufficient thickness (generally 0.015 in or greater) to 
withstand the flame intensity, with stainless steel banding and matching stainless 
steel clips. 

Item 2 above is the hose stream dislodgment criterion. This criterion is not well 
defined in any text on this subject; however, API Recommended Practice 521 
section 3.12.22, states the following: 


The finished installation should ensure that the insulation will not be dislodged when 
subjected to the fire-water streams used for fire fighting, such as streams from hand 
lines or monitor nozzles, if installed. 


Most insulations used in fire protection applications can withstand this criterion if 
jacketed and banded in place as described in the explanation of item 1 above. 

Item 3 above requires a maximum conductance of 4.0 Btu/(h - f? - °F) (W/m?). 
Any insulation material suitable for use as fire protective insulation can meet 
this criterion. 

Prior to specifying any insulation or accessory product material in a fire 
protection application, it is important to consult with the technical service depart- 
ment of the manufacturer and be advised of any special precautions that may 
be necessary. 


Noise Control 


Environmental acoustics is something that can be addressed in thermal insulation 
system design; however, serious noise problems should be treated as a separate 
and independent study. For the purpose of preliminary investigation, it is useful to 
know some basic concepts. 

Sound absorption is both a process and a property of materials. Sound absorption 
is the process of dissipating sound energy as well as the property possessed by 
materials, objects, and structures, such as rooms, of absorbing sound energy. Sound 
attenuation is the reduction of the intensity of sound as it travels from the source 
to a receiving location. 

In thermal insulation design, sound attenuation is a natural by-product of the 
insulation application. Some insulation materials and accessory products provide 
greater sound attenuation due to their sound absorption characteristics than others. 
One of the best thermal insulation materials for sound attenuation is mineral wool. 
It is available in loose fill, rolls, blankets, boards, and preformed shapes. Therefore 
it can be applied in numerous different applications where sound absorption is a 
desired property of the insulation being applied. 

The jacketing material used to cover the insulation can play an important role 
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in sound attenuation. For example, a fabric reinforced mastic finish over insulation 
has better sound absorption properties than does a metal jacket. The environment 
in which the materials are being used will limit their ability to be considered for 
sound attenuation characteristics in some cases; however, with composite system 
design in the planning stage of the process, a combination of materials can often 
be arranged to provide both thermal and acoustical benefits. 


DESIGN CONDITIONS 


In addition to defining the purpose of the insulation system, it is important to define 
the conditions under which the insulation system will be used. Some of the conditions 
to be considered are 


* [ndoors or outdoors 
* Conditioned space or nonconditioned 


* Geographic location (coastal regions, northern climes, southern climes, rainy, 
dry, etc.) 


* Long, straight runs or frequent bends 
* Personnel traffic area or unaccessible 
* Aboveground or below ground 


Numerous conditions or combinations of conditions require consideration in 
insulation system design. The above list represents just a few of the more obvious 
ones. Most of these are self-explanatory; however, some require some attention to 
detail. Following is a brief explanation of each item. 


Indoors or Outdoors 


Indoor applications, in general, are much simpler to specify than outdoor applica- 
tions. The main reason for this difference is that indoor applications are not 
subjected to rain, snow, and solar loads. Indoor applications are subjected to vapor 
pressure differential problems, as are outdoor; however, this problem is not compli- 
cated by the other environmental difficulties, as the outdoor applications are. The 
reason that rain, snow, and solar loads are such a problem with insulation systems 
is moisture migration. The single most detrimental element in any insulation system 
is the migration of moisture into the insulation system. Water in insulation destroys 
the insulating value. Approximately 4 percent moisture by volume in an insulation 
material will increase the thermal conductivity by as much as 70 percent.’ 

Thermal insulations must be dry to function according to design. Water in the 
insulation causes part of or all the air spaces and gas spaces in the insulation to be 
filled with water. Its conductivity then approaches that of water instead of that of 
air or gas. The thermal conductivity of water at 70°F (21°C) is 4.1 Btu: in/(h - f - °F) 
(0.59 W/mK, compared to 0.17 Btu- in/(h- ft? - °F) (0.0245 W/mK) for air. The 
heat transmission, therefore, is about 24 times greater for water saturated insulation 
than for dry insulation.! 

In addition to this significant drop in thermal performance of the insulation, 
water in insulation when in contact with metal piping can significantly increase the 
chance of, and even contribute to, severe corrosion problems. Water and snow, 
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therefore, should be avoided; every precaution should be taken to prevent moisture 
entry into the system. This is another reason why solar loads present problems in 
outdoor insulation systems. 

As mentioned in the section addressing personnel protection, solar loads on the 
surface of the insulation can significantly increase its surface temperature, therefore 
increasing the risk of injury to personnel. 

In addition to increasing surface temperature, solar loads on the surface of the 
insulation cause expansion and contraction of metal jacketing and premature aging 
of mastic finishes. The expansion and contraction of metal can cause joints to open 
up or “‘fish-mouth,” creating paths for water to enter. They can also cause a gradual 
loosening up of the bands, leading to a movement of the jacket or loss in high- 
wind conditions. Premature aging of mastic finishes can lead to cracks or pits in 
the finish, which also creates a path for water migration into the insulation 
system. 

When designing for indoor or outdoor applications, consideration must be given 
to the environmental conditions that the system will be subjected to. 


Conditioned Space or Nonconditioned Space 


This application differs slightly from that of indoor and outdoor in that either 
space would be considered indoor; however, nonconditioned space is not climate 
controlled. This has the advantage of not having to worry about liquid water or 
solar loads; however, the vapor pressure driving force is still present. This driving 
force can have a significant detrimental effect on chilled water and other low- 
temperature piping insulation systems. Water vapor tends to migrate in the direction 
of the coldest surface. Therefore, any below ambient piping application will have 
a positive water vapor pressure in the direction from the outside of the insulation 
to the surface of the pipe. Example B7.1 illustrates how this might occur on a 
chilled water pipe in the unconditioned space of a commercial building in a relatively 
temperate climate. 


Example B7.1. Chilled Water Pipe Insulation Water Intake. In this illustration, a 
calculation is done to show how a typical chilled water pipe insulated with 2 in (51 
mm) of polyurethane insulation might become saturated with water simply due to 
the water vapor driving force generated by the ambient conditions around the pipe 
and the operating conditions of the pipe. 

Calculation for Amount of Condensation per Linear Foot of Piping per Year: 


Nominal Actual 
Outside diameter (OD) of pipe: | NPS 2 (DN 50) 2.375 in (60 mm) 
Service temperature: 41°F (5°C) 
Ambient air temperature: 70°F (21.1°C) 
Ambient air relative humidity: 70% 
Insulation thickness: 2-in (51-mm) nominal polyurethane 
OD of polyurethane insulation: 6.63 in (168.4 mm) 
Outside finish: All service vapor retarding (ASJ; formerly 


vapor barrier jacket): permeance = 0.6 perm 
Permeability of polyurethane: 4.321 perm : in (10.96 perm - cm) 
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Water vapor flow: 


AP 
G = (B7.4) 
Ryapor 
where 
G = water vapor flow 
AP = water vapor pressure difference, inches of 
mercury (inHg) (mmHg) 
Ryapor = resistance to vapor diffusion for any given 
material, 1 inch/perm (1 cm/perm) or jz 
.. thickness — in-ft.h.inHg — mm-cm?-h-mmHg 
~ permeability — gr-in = gr- mm 
1. ff-h.inHg — em?-h- mmHg 
^ permeance - gr E gr 
Calculation for Pressure Drop across Insulation System: 
P, in ambient air — real partial pressure of water vapor in air 
= Ry X P; (B7.5) 


P, = partial pressure of water vapor in saturated air 
Ry = relative humidity = 0.07 
At 70°F (21° C) 
P, = 0.73964 inHg" (18.79 mmHg) 
P, = 0.7 (relative humidity of 70%) x 0.73964 inHg (18.79 mmHg) 


= 0.517748 inHg (13.15 mmHg) 


So with a real pressure at 70 percent relative humidity of 0.517748 inHg (13.15 
mmHg), the dew point temperature t, is found to be 


ty = 59.8 F (15.3°C) 
At 41°F (5°C), 
P, = 0.25765 inHg (6.544 mmHg) 
Therefore, 
AP = P, — P, = 0.517748 inHg — 0.25765 inHg 
= 0.26010 inHg (6.61 mmHg) (B7.6) 


+See Ref. 8. 
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From here, the actual thickness of insulation on the insulated pipe must be converted 
to an equivalent thickness of insulation in flat-plane geometry, in order to be used 
further in the calculation. 

Equivalent Thickness of Insulation: 


OD | OD insulation 


Equiv. thickness = 


OD pipe 
6.63 i 6.63 i 168.4 168.4 
GRILLA MR E LP En DU (B77) 
2 2.375 in 2 60.33 mm 


— 3.403 in — 86.4 mm 


Total Resistance against Water Vapor Diffusion. Determining the total resis- 
tance against water vapor diffusion is simply a matter of adding the total resistances 
from materials in the path of the vapor flow. This is calculated as follows for the 
vapor retarder: 


I l 
Ryapor = —————— _- = 1.667 — (either units) 
0.6 perm perm 


and for thermal insulation: 


3.403 
MESES. 4321 


Therefore, the total resistance 


= 0.788 in/(perm - in) = 0.788 cm/(perm - cm) 


Ryapor = Ryapor (vapor retarder) + Ryapor (thermal insulation) 


1 1 
= 1.667 —— + 0.788 — (B7.8) 
perm perm 


1 
perm 


= 2.455 


Now, given AP and Rapor, we solve for G (water vapor flow) as follows, using Eqs. 
(B7.4), (B7.6), and (B7.8): 


0.26010 inH 
docte 0.1059 inHg - perm = 2.7 mmHg - perm 


2.455 perm 
And 
i i gr ngr 
erm = = 
j ft?-h-inHg  Pa.s.m? 
= 0.1059 227 8 
ft^-h m?.s 


At this point the total vapor flow has been calculated and determined to be 


ngr 


gr 
0.1059 —— 227 
ft^. h m?.s 
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The next step is to calculate the outside surface area in order to express the 
results in terms of square feet per lineal foot of insulation. 

Calculation for the Outside Surface of Insulation Expressed in Square Feet per 
Lineal Foot: 


6.63 in x x x 12 in/ft = 249.945 in? /lin ft 
168.4 mm x x x 1000 mm/m = 592,044 mm? /m 


or 


249.945 592,044 mm? 
AD (Mints 0.6 m?/m 


144 1,000,000 


And finally the calculation for the migration of water vapor that condenses in the 
system per year and per lineal foot of piping reveals the following: 


Total water migration = water vapor flow G x surface area per lineal foot x 
hours/day x days/year 
= 0.1059 gr/(ft? -h) x 1.736 ft? /ft x 24 h/d x 365 d/yr 
[2.7 ngr/(m? - s) x 0.6 m^/m x 86,400 s/d x 365 d/yr] 


= 1610.46 —&— (51 x10 <E (B7.9) 
yr- lin ft yr-lin m 


since 
1 gr = 1 Ib/7000 (64.8 mg) 
and 
1 lb = 16 oz 
Therefore, 
1610.46 x 16 — 4.681 gr-Ib-oz 
7000 yr- lin ft- gr- Ib 


Or the total amount of water that can pass through the existing water vapor retarder 
and the thermal insulation system in this illustration equals: 


OZ mg 
3.681 — — 104,354 ———— 
yr - lin ft yr-lin m 


As represented above in this example, a large amount of moisture can be accumu- 
lated in an insulation medium over a relatively short time if the insulation system 
is not designed to prevent the ingress of water vapor. Even with the best application 
procedures, incorrect materials selection for the environment or service require- 
ments can have very dramatic results in terms of performance losses and mainte- 
nance costs. 
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Geographic Location 


The geographic location of the system being insulated is very important to factor 
into the design process. The National Weather Service has information available 
for climates all over the world. Seasonal averages, worst case conditions, annual 
rainfall, average and worst case humidities, and any other climatic data needed 
should be fully evaluated during the specification process. 


Long, Straight Runs or Frequent Bends 


The layout of the piping with respect to bends and straight runs needs to be 
considered for the purpose of expansion and contraction control. Depending on 
the temperature range of the process piping being insulated, expansion and contrac- 
tion joints in the insulation system may need to be employed. 

The differential expansion between the metal substrate of the pipe and the 
insulation can have critical significance depending on the length of the pipe run. 
Table B7.3 lists different metals and their expansion and contraction in inches per 
100 ft through various temperature ranges. It is clear that on long runs of piping, 
provision must be made for differential expansion between the insulation and the 
pipe. This is accomplished through the use of control joints or expansion joints. 
Many different types of control joints are used in insulation specifications. One 
system for controlling contraction on cold piping is illustrated in Fig. B7.8. It is 
advisable to consult the insulation manufacturer for more specific recommendations 
which are application-dependent. 


TABLE B7.3 Thermal Expansion and Contraction Properties 


in/100 ft 
Operating 
temperature Stainless Cellular Polyurethane Calcium Mineral 
(°F) Steel steel Copper glass insulation silicate wool 
200 1.62 2.51 2.44 1.0 —16.20 x T 
100 1.12 1.76 1.70 0.75 —10.20 * T 
0 0.50 0.77 0.73 0.35 —4.20 * T 
200 0.99 1.46 1.51 0.68 7.80 * NIA 
400 2.70 3.80 3.89 1.82 * NIA NIA 
600 4.60 6.24 6.40 3.07 * Shrinks}  Shrinks$ 
800 6.70 8.80 m 4.42 S Shrinks Shrinks 
1000 8.89 11.48 * 1 * Shrinks Shrinks 


* Material not recommended for use in this temperature range. 

+ Material requires special precautions for use in this temperature range. Consult manufacturer for rec- 
ommendations. 

t Calcium silicate experiences a maximum of 2 percent shrinkage at 1200°F and less than that at 
lower temperatures. Calcium silicate manufacturers recommend that their materials be double-layered for 
operating temperatures greater than 500°F due to shrinkage cracks that form. 

§ ASTM C547, Standard Specification for Mineral Fiber Preformed Pipe Insulation, indicates linear 
shrinkage as below 2 percent in accordance with the recommended temperature limits. Vitrification and 
compaction of binder materials may occur at elevated temperatures. 

NIA: no information available. 


B.312 GENERIC DESIGN CONSIDERATIONS 


COLDProcess Only: 


COLD Process: Sealant Stainless steel bands both sic 


E . COLD Process Only: 
HOT Process: Provide slip surface. N Vapor Barrier Sheet 


— $ > AS NS > l 


| S « 


Finish 
(Metal jacket or Mastic 


rlL o o£ dL 

(50 mm) (203 mm) 50 mm) 
Cushioning Material COLD Process Only: 
HOT and COLD Process Adhere with sealant to both 


sides of bare insulation. 


FIGURE B7.8  Cross-section of a contraction control joint. 


Personnel Traffic Area 


High traffic areas require insulation that can take abuse. Although it is standard 
practice to install “Do Not Walk on Pipe" signs anywhere this might occur, the 
real-world situation is that people walk on insulated pipes. It is important, therefore, 
to consider the use of high compressive strength insulations and/or heavy duty 
jacketing or membrane covering in these areas. 


Aboveground or Below Ground 


Aboveground insulation applications can be complicated and require thorough 
design evaluation and analysis for proper specification. Below ground applications 
are very complicated, and mistakes can be extremely costly. It is absolutely essential 
that every possible condition be considered and a thorough analysis of all variables 
be done. 

The two most common means for accommodating underground piping applica- 
tions that require thermal insulation are precast trenches and direct burial. 


Precast Trenches. Precast trench systems provide a tunnel underground for the 
piping to be channeled through. In this type of application, the insulation system 
is generally designed exactly as it would be for an aboveground application. No 
special precautions are taken for expansion and contraction of the pipe because it 
is allowed to move freely within the trench, as any aboveground piping system 
would. The most important factor to keep in mind when designing an underground 
precast trench system is the groundwater. 

Groundwater infiltration into the trench, depending on its magnitude can cause 
the piping system to become completely surrounded by water for extended periods. 
This can cause irreparable damage to protective membranes, it can cause the insula- 
tion to become saturated and literally fall off the pipe, and it can lead to serious 
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corrosion problems. Consideration should be given to the use of impermeable-type 
insulation materials with sealants, adhesives, and covering materials appropriate 
for the service temperature of the piping being insulated. 


Direct Burial. In direct-burial thermal insulation applications, most commonly, 
four types of systems are employed. 

1. Preinsulated. Preinsulated piping systems for underground direct-burial ap- 
plications generally consist of either plastic or steel piping which is covered with a 
foamed-in-place polyurethane insulation and then a high-impact-resistant formed 
plastic covering. 

This type of application would look in cross section very much like the cross 
section shown in Fig. B7.1. These types of systems are most commonly employed 
in hot water and chilled water piping services. They are not recommended for use 
on steam lines owing to the temperature limitations of the insulation. They can be 
used on condensate return lines; however, caution must be exercised to avoid 
overheating. Some condensate return lines are used to evacuate steam which might 
be released from the primary steam supply line if there is a pressure relief require- 
ment. If this occurs one time on a preinsulated piping system, it can permanently 
affect the performance of the insulation and its protective coverings. 

2. Preinsulated Conduit with Annulus Airspace. Preinsulated conduit with 
annulus airspace (conduit systems) has for many years been the primary system 
used for steam lines by the U.S. government. Thorough analysis of underground 
direct-buried piping systems during the late 1950s and the 1960s revealed that almost 
no insulation system performed well. The reason was that groundwater infiltration 
into the insulation materials was able to get close enough to the piping to vaporize, 
and the underground steaming caused everything to deteriorate. This led to the 
development of a system that provided an airspace which theoretically allowed any 
moisture that might enter the system to vent out of the system, enabling the insula- 
tion to dry out after saturation. Figure B7.9 shows a cross section of a conduit system. 

In actual application, it has been found that the annulus airspace is relatively 
ineffective in providing good moisture venting. However, these systems are still 
employed in many areas where high-temperature piping must be run underground 
and groundwater penetration is a concern. 

3. Field-Installed. Field-installed insulation systems are one of the most cost- 
effective ways to insulate high-temperature lines which must be run underground. 
The most common material used for field installation is cellular glass, which can 
be used for operating temperatures up to 900°F (482°C). Cellular glass has a closed 
cell glass structure which resists penetration from any groundwater present. It is 
usually covered with an asphaltic membrane and sealed with sealants appropriate 
for the temperature range of the service piping. 

With any of the above three direct-burial piping systems, it is very important 
to consider the location of all pipe anchors, in-line guides, and expansion loops. A 
thorough pipe stress analysis must be performed to avoid uncontrolled pipe move- 
ment, which will destroy any underground thermal insulation system. It is also 
extremely important to provide good drainage for the piping to try to minimize the 
potential of groundwater infiltration. Figure B7.10 illustrates this type of drainage 
recommendation. It is best to consult individual manufacturers for their recommen- 
dations with respect to application and design. 

4. Pour-in Loose Fill. The most common type of pour-in loose-fill insulation 
for underground applications is calcium carbonate powder. This type of loose-fill 
insulation is poured directly into the trench after the pipe is in position. The pipe 
is propped up off the ground with wooden blocks to allow the calcium carbonate 
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FIGURE B7.9 Cross-section of a conduit system. 
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FIGURE B7.10 Backfill detail. 
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powder to fill in underneath. The powder is then tamped into place with a mechanical 
tamper. The plastic bags that the powder comes in are placed on top of the calcium 
carbonate prior to backfilling, to help prevent the migration of water into the insu- 
lation. 

Having the above design parameter information available will allow the speci- 
fying engineer to make an educated decision about the thickness for the insulation 
system used. There are a number of useful sources for information on calculating 
insulation thickness requirements for various applications. A few of the more com- 
mon sources for this type of information are: 


* ASHRAE Fundamentals Handbook? 


* Annual Book of ASTM Standards, volume 4.06, Thermal Insulation; Environ- 
mental Acoustics? 


* Thermal Insulation Handbook? 


Some examples of heat flow calculations are as follows: Example. B7.2 shows 
how heat gain would be calculated on a typical chilled water pipe in an enclosed 
space (representing commercial or institutional type of construction). 


Example B7.2 Typical Chilled Water Pipe Calculation 


Pipe size: NPS 2 (DN 50) 

2.375 — in (60 mm) actual OD 
Operating temperature: 42°F (5.5°C) 
Ambient temperature: 95°F (35°C) 


Insulation thickness: 2 in (51 mm) nominal 
2.11 in (54 mm) actual 

Insulation type: Cellular glass 

Length of pipe: 120 lineal ft (36.5 m) 


From Eq. (B7.2), 
_ 2nKL(T, — Ts) 
«— R,In(R;/Rj) 


where K = 0.277 Btu: in (h - f£ - °F) = 0.0225 Btu/(h- ft- °F) (at 50°F mean temp.) 
[0.039 W/(n? - K) = 0.0038 W/(m - K)] 
T, = 42°F (5.5°C) 
T, = 95°F (35°C) 
R; = 2.375 in/2 (60 mm/2) 
R, = (6.62 in/2) (168 mm/2) 
2 [0.0255 Btu/(h- ft-°F)](120 ft) (42°F — 95°F) 
6.62 In [(6.62/2) in/(2.375/2) in] 
_ 6.2832(0.0255 Btu/h)(120)(—53) 
B 6.62 In (3.31/1.1875) 
~ 1019.0 Btu/h 
6.786 


= —150.2 Btu/h 
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Next, to determine the relative heat transfer with respect to area, the following 
calculation is used: 


Circumference = md = 3.14159(6.62 in) = 20.80 in 
Area = circumference x length = (20.80 in)(120 ft x 12 in/ft) 
= 29,952 in? = 208 ft? 
So 
—150.2 Btu/h/208 f? = —0.72 Btu/(h f?) 


In this calculation, the minus sign in the final result indicates that the heat flow 
is in the direction of the pipe rather than away from the pipe. Therefore, there is 
a 0.72 Btu/(h - f?) heat gain in this illustration. And 0.72 Btu/(h - f?) is much greater 
than what would typically be employed for an application of this type, because 
chilled water piping cannot usually create a serious process upset condition. The 
thickness selected, therefore, is greater than is necessary, and further exploration 
of thickness requirements is needed. 

The minimum thickness for cellular glass on a 2-in nominal pipe size pipe is 1 
in (specified by cellular glass insulation manufacturers as a limiting factor for han- 
dling and durability). The calculation performed again using 1 in of cellular glass 
instead of 2 in reveals the following: 


Ri =2.375in/2 R, = 4.50 in/2 
27 [0.0255 Btu/(h- ft- ^F)](120 fY (42°F — 95°F) 
4.5 In [(4.50 in/2)/ (2.375 in/2)] 
... 6.2832(0.0255 Btu/h)(120)(—53) 
B 4.5 In (2.25/1.1875) 


—1019.0 Btu/h 
= = —354.4 Btu/h 
2.875 


Next, to determine the relative heat transfer with respect to area, the following 
calculation is used: 


Circumference = md = 3.14159(4.50 in) = 14.14 in 


Area = circumference x length = (14.14 in)(120 ft x 12 in/ft) 
= 20,362 in? = 141.4 f? 


So 


—354.4 Btu/h 2 
—— 3 = —2.51 Btu/(h ft*) 
141.4 ft 


A heat gain on chilled water piping of 2.51 Btu/(h - ft?) is still conservative with 
respect to process control [it is typically 8 to 10 Btu/(h -ft?) (25 to 31.5 W/m?)]. 
The minimum thickness for this application therefore equals 1 in of cellular glass in- 
sulation. 

Example B7.3 is a calculation of heat loss on a typical steam piping application. 
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Example B7.3 Typical Steam Pipe Calculation 


Pipe size: NPS 6 (DN 150) 

6.625 in (168 mm) actual OD 
Operating temperature: 400°F (204°C) 
Ambient temperature: 75°F (24°C) 


Insulation thickness: 2 in (51 mm) nominal 
2.11 in (54 mm) actual 

Insulation type: Calcium silicate 

Length of pipe: 75 lineal ft (22.8 m) 


Using Eq. (B7.2) gives 
2n KL(T; — Ts) 
Ro In (Ro/Ri) 


where K = 0.501 Btu in (h- /ft?- °F) [0.072 W/(m - K)] (at 165°F mean temp.) 
T; = 400°F (204°C) 
T, = 75°F (24°C) 
R; = 6.625 in/2 (168 mm/2) 
R, = 10.75 in/2 (273 mm/2) 
_ 27 [0.501 Btu/(h- ft-°F)](75 ft) (400°F — 75°F) 
7 10.75 In| (10.75 /2)/(6.625 /2)] 
76,729.5 Btu/(h- fü) 
i 5.2 ft 


= 14,755.6 Btu/h 


Therefore, 


14,755.6 Btu/h 


= 196.7 Btu/(h. f 
75 ft 96.7 Btu/(h- ft) 
Circumference = zd = 3.14159(10.75 in) = 33.77 in 


Therefore, the total surface area per lineal foot of insulation equals 


Circumference x 12 in/ft = 405.27 in? /lin ft 


and 


405.27 in? j 

— ML 233210 /ft 
144 in^/ft 
196.7 Btu/(h - ft) 


2.81 f /ft 
= 70 Btu/(h- f?) 


Heat loss = 


For most hot processes, both from a process control perspective and accounting 
for personnel protection, a desirable heat-loss range is between 100 and 150 Btu/ 
(h- ft). Since 70 Btu/ (h - f?) is well below this rough guideline, it becomes necessary 
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to perform the calculation again. Solving for the same parameters with 1.5 of calcium 
silicate instead of 2 in reveals the following: 


27 [0.501 Btu/(h - ft - ?^F)](75 ft)(400°F — 75°F) 
Q = 9.62 In [(9.62/2)/(6.625/2)] 
76,729 Btu/(h - ft) 
7 3.58 ft 


— 21,432.7 Btu/h 


Therefore, 


21,432.7 Btu/h 


= 285.7 Btu/(h- ft 
75 fi usto 


We solve for the surface area per lineal foot of insulation: 


Circumference = zd = 3.14159(9.62 in) = 30.22 in 


Area : NS ME 42 
— — —- = circumference x 12 in/ft = 362.66 in^ /lin ft = 2.51 ft^ /ft 
Linear ft 


Therefore, the heat loss per square foot of surface area with the minimum amount 
of calcium silicate insulation is [285.7 Btu/(h- ft)] / (2.51 ft?/ft) 2113.8 Btu/(h - ft’). 


SERVICE CONSIDERATIONS 


One other area that needs to be considered when properly designing an insulation 
system is the service that the piping is providing. Service is very important in 
designing insulation systems because of the different physical properties of the 
contents of the pipe. The following are some, but not all, generalized service types 
that are common to industrial and commercial construction: 


* Hot water and chilled water 

* Steam and condensate return 

* Heat-transfer fluids 

* Hot oils 

* Liquefied gas (cryogenic service) 
* Sanitary and sewerage water 


Hot Water and Chilled Water. Hot water and chilled water lines are generally 
employed in commercial and institutional facilities as a means of providing climate 
control. The heated or cooled water is transported through a pipe loop system from 
the mechanical facilities room of the building or buildings and is used as a heat- 
transfer medium to provide either heating or cooling. 

Geographic location is a very important consideration for this type of service. 
Insulation systems for chilled water piping in the state of Florida are very susceptible 
to problems with moisture infiltration. Insulation system design in this environment 
is of critical importance. The correct application of closed-cell impermeable insula- 
tion materials and highly flexible joint sealants with a vapor retarding membrane 
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is necessary to the success of the entire mechanical system operation. Incorrect 
application and specification in an environment like this can cost thousands of 
dollars in mechanical system maintenance and repair, water damage from soggy, 
dripping insulation, and high utility costs from overworking the mechanical systems. 
In very dry, or arid, regions of the world, critical attention to the materials is not 
as paramount. Water vapor is not as great a threat. 


Steam and Condensate Return. Steam and condensate return lines will operate 
without insulation. Therefore, the chance of a process failure or process upset 
condition due to a poorly insulated steam line is rather small. However, the savings 
that can be achieved by properly insulating steam lines are substantial. This is 
graphically illustrated in Fig. B7.8 in a heat loss comparison of an uninsulated 
surface and an insulated surface. 

Before the energy crisis of the mid-1970s, most steam lines that were insulated 
were done so without consideration of energy costs. The main purpose was to 
protect personnel from the extreme temperatures of the surface of a bare steam 
line. These personnel protection insulation thicknesses, many of which are still in 
use today, are not adequate for providing optimum energy conservation. One 
technique used somewhat commonly today to increase energy conservation is often 
referred to as retrofitting the existing insulation system. A retrofit procedure involves 
the use of composite insulation systems and/or materials. To retrofit in this sense 
of the word is to take the existing insulation system that may have been underde- 
signed at the time and add an extra layer of insulation. 

There are several benefits that can be obtained by retrofitting insulation in this 
fashion. First, the additional insulation will reduce energy consumption; therefore, 
operating costs will go down. Second, the increased insulation thickness will provide 
better personnel protection due to a significantly lowered surface temperature. And 
third, but most importantly, by creating a retrofit system, there is an opportunity 
to take advantage of the optimum performance benefits of more than one material. 
An illustration of this ability to optimize efficiencies is given below. 

Figure B7.11 shows the crossover point between thermal conductivity and mean 
operating temperature of two common industrial thermal insulation materials: cellu- 
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FIGURE B7.11 XK-value crossover. 
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FIGURE B7.12 Cross-section of a retrofit system. 


lar glass and calcium silicate. Figure B7.12 shows a cross-sectional view of what 
a typical retrofitted insulation system might look like and where the interface 
temperature will occur. 

In this illustration, the crossover point of the two curves shows the ideal tempera- 
ture at which each material's thermal performance characteristics can be maximized. 
The two curves cross over at a mean temperature of about 225°F (107°C). This 
shows that the cellular glass insulation has better thermal performance for mean 
operating temperatures at or below 225°F (107°C) and that the calcium silicate has 
better thermal performance for mean operating temperatures above 225°F (107°C). 
To maximize the performance of both materials, they can be used together in a 
composite retrofit system. 

To use these two materials together and maximize their performance, the opti- 
mum interface temperature must be determined. The interface temperature is the 
point at which the two layers of insulation meet. Given that the crossover point 
between the two materials is at 225°F (107°C), the interface temperature can be 
determined by the calculation shown in Example B7.4. 


Example B7.4 Desired Interface Temperature Calculation 


Mean temperature — average temperature across insulation layer 
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In this example, 


interface temperature + ambient temperature 
2 


Mean temperature — 


where mean temperature = 225°F (107°C) 
ambient temperature = 70°F (21°C) 


Therefore, 

interface temperature + 70°F 
2 

2(225°F) = interface temperature + 70°F 


225°F = 


2(225°F) — 70°F = interface temperature 
Desired interface temperature = 380°F (193°C) 


Determining the appropriate thickness for the new retrofitted layer of insulation, 
in this case cellular glass, is an iterative process. Knowing that the interface tempera- 
ture should be approximately 380°F (193°C) provides a target point to work toward. 
The following example shows the calculation process by which the correct thickness 
can be determined. 


Example B7.5 Retrofit Layer Thickness Calculation. In this example the follow- 
ing theoretical conditions will be employed: 


Pipe size: NPS 8 (DN 200), 8.625 in (219 mm) 
actual OD 

Operating temperature: 600°F (315.5°C) 

Ambient temperature: 70°F (21°C) 

Calcium silicate thickness: 2 in (51 mm) nominal, 2.02 in (51.3 
mm) actual 


Equation (B7.5) will be used to find the actual interface temperature with the initial 
assumed insulation thickness of 2 in for the first iteration. 


Rs In (Ri/Ri) 


Kaeo k (B7.10) 


where Q = heat loss, Btu/(h - f?) 

ti = temperature of inner surface = 600°F (315.5°C) 

t, = temperature of interface between layers, °F (°C) 

t, = temperature of ambient air = 70°F (21°C) 

R; = inner radius of first layer = 4.3125 in 
R, = outer radius of first layer and inner radius of second layer = 6.375 in 
R, = outer radius of second layer = 8.50 in 

k, = thermal conductivity of first layer 

= 0.52 Btu -in (h ft? - °F) [0.075 W/(m: K)] 

In = natural logarithm 

1/f = surface resistance factor = 0.53 (approximated from Fig. B7.3) 


In solving for interface temperature t, the heat loss Q of the total retrofitted 
system must first be calculated. Using Eq. (B7.3), the heat loss for the first trial, 
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assuming the initial iteration for the second layer with a nominal insulation thickness 
of 2 in, is as follows: 


fj — ts 
Q = Rin (RR) NESUICEL DINE 
ky ky f 


where k, = thermal conductivity of second layer 
= 0.42 Btu - in/(h - ft? - °F) [0.061 W/(m- K)] 


(B7.11) 


Thus 
600°F — 70°F 
l = 350in (6.375 in/4.3125 in) 8.50 In (8.50 in/6.375 in) 
0.52 Btu- in/(h - f - °F) 0.42 Btu - in/(h - ft? - °F) 
B 530°F 
— 12.74 Btu/h - ft -°F) 


+ 0.53 


= 41.60 Btu/(h- f?) 


Therefore, 

(8.50 in) In (6.375 in/4.3125 in) 
0.52 Btu - in/(h - f -°F) 

= 334.20°F (168°C) 


Since this is lower than the desired interface temperature of 380°F (193°C), the 
iteration process can end at this step. To truly maximize the efficiency of the cellular 
glass and the calcium silicate, the next step would be to perform a second or third 
calculation with increasing thicknesses until an interface temperature at, or around, 
380°F (193°C) is obtained. For this trial, however, the thickness of cellular glass 
used, 2 in, was sufficient to obtain a heat loss of 41.60 Btu/(h- ft?) (131 W/m’) which 
is well below what would normally be considered acceptable by today’s standards 
for heat loss. If the interface temperature had come out greater than what was 
tried on the first iteration, the next step would have been to try again with a 
smaller thickness. 

With an interface temperature of 334.2°F (168°C), the mean temperature can 
be recalculated to determine how close to the thermal conductivity crossover point 
the 2-in thickness provided. As shown above, 


ty = 600°F — 41.60 


interface temperature + ambient temperature 
2 
where interface temperature = 334.2°F (167.8°C) and ambient temperature = 
70°F (21.1?C). 
Therefore, 


Mean temperature = 


334.2°F + 70°F 
2 
=202.1°F (94.5°C) 


Mean temperature = 


This shows that the mean temperature across the outer layer of insulation is 202.1°F 
(94.5°C) which is only slightly below the crossover point. 
Many old steam lines are insulated with a minimal amount of calcium silicate 
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insulation. As mentioned earlier in this chapter, this was done during times when 
there was not a heightened sense of insulation awareness. For these types of applica- 
tions, this retrofitting option is a very efficient way to revitalize old insulation 
systems. 


Heat-Transfer Fluids. Heat-transfer fluids are liquids that are used as a means 
of providing process control. These liquids are generally thermally stable fluids. 
They can be heated or cooled to a given design temperature and transported to its 
desired process control point while maintaining temperature stability. Insulation 
system design for heat-transfer fluids must take into account the temperature range 
that the fluid will be operating at and whether it is a constant temperature or a 
cyclical temperature. 

Many catalyst reaction reactor vessels operate at temperatures that swing from 
as low as —60°F (—51°C) to as high as 450°F (232°C). This type of cyclical service 
presents a complicated insulation system design dilemma. Generally, insulation 
systems are designed to withstand the rigid environmental and process temperature 
conditions at either hot or cold operating conditions. When the operating conditions 
are both hot and cold, a thorough study of all possible combinations of ambient 
conditions and operating variabilities must be conducted. 

In cold process applications, the insulation materials specified are usually either 
plastic foam insulation or cellular glass insulation. In hot process applications, the 
insulation materials specified are usually mineral fiber insulation, calcium silicate 
insulation, or cellular glass insulation. 

In applications where process temperatures swing from below ambient to hot 
process over the course of an operating cycle, the insulation system needs to be 
designed to account for both ends of the cycle. These applications are typically 
insulated with double or multiple layers of insulation material. It is important to 
insulate with the proper thickness. The critical aspect of this calculation is that the 
thickness must be calculated to achieve a thermal gradient in the hot condition that 
will not cause damage to the joint sealant in the outer layer that is necessary for 
the cold end of the process. Careful consideration of the appropriate sealants, 
adhesives, and accessory materials for the process must be given. It is advisable to 
consult with insulation manufacturer's technical support groups for recommenda- 
tions for these types of processes. 

Another important consideration in specifying insulation systems for heat-trans- 
fer fluids is fire safety. Many of the common heat-transfer fluids, whether organic 
or inorganic, can present a very serious fire hazard if they are absorbed into a 
permeable insulation material. It has been shown that some of these fluids, although 
thermally very stable at their peak operating temperatures, become much less 
so when absorbed into insulation materials. Spontaneous heating is the problem. 
Another term for the condition is auto-ignition. Monsanto Industrial Chemicals 
Company manufactures a product called Therminol which is a very useful and highly 
effective heat-transfer fluid. In the Therminol technical data sheet a description of 
the problem is offered:" 


Organic heat transfer fluids such as Therminol exhibit a slow oxidation reaction with 
air in the presence of insulating materials when system temperatures are above 500°F 
(260°C). Porous insulation material such as calcium silicate offers a large reaction 
surface in the face of poor heat dissipation conditions, and this, along with possible 
catalysis from the insulation material can cause a temperature build-up. This tempera- 
ture build-up can result in ignition of the fluid when the saturated insulation is exposed 
to air (i.e., should the insulation be opened for repair, etc.). 
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This phenomenon is not fully understood, but appears not to occur with cellular 
glass, possibly because of its closed cell structure. Cellular glass should be used in 
all areas where leakage is a possibility and the system temperature is greater than 
400°F (240°C). 


There are numerous other reference which relate similar, if not identical, infor- 
mation about this problem and the precautions that need to be taken in the design 
and application process. The Bibliography for this chapter contains a number of 
references on this subject. As in the case of cyclical service, it is important to 
contact the manufacturer before writing the insulation system specification for high- 
temperature heat-transfer fluid applications. The manufacturers of the heat-transfer 
fluid should also be consulted for their own precautions and recommendations. 


Hot Oils. Hot oil piping and equipment applications require the same attention 
to detail as do heat-transfer fluids with respect to insulation system design. For hot 
oils, even though they frequently do not operate at the temperature extremes of 
heat-transfer fluids, the auto-ignition can be just as serious. Fires have occurred in 
oils at temperatures as low as 176 to 302°F (80 to 150°C), in coal tar distillates at 
temperatures as low as 212 to 482°F (100 to 250°C), and in mineral oils at tempera- 
tures as low as 392 to 572°F (200 to 300?C)."! 


Liquefied Gas (Cryogenic Service). Cryogenic temperatures range from —40°F 
(—40*C) down to absolute zero (—459°F, or —273°C). In this temperature range, 
the primary concern is the prevention of water vapor migration toward the pipe 
surface. Water vapor that is allowed to enter the insulation system will rapidly 
destroy the thermal performance of the insulation. 

Cryogenic piping is usually insulated in multiple layers. The best vapor barrier 
joint sealants available remain flexible only down to a temperature of about —80°F 
(—62°C); therefore the inner layer of insulation is usually left unsealed. The outer 
layer or layers are completely sealed with vapor barrier joint sealants, and the final 
layer of insulation is usually covered with a vapor barrier mastic or membrane. 

Plastic foam insulation must be covered with a complete vapor barrier envelope. 
Cellular glass insulation is sometimes just vapor-sealed over the joints and then 
covered with a weather barrier. 

At extreme cryogenic temperatures, there is also the possibility of condensation 
of oxygen. This can occur anywhere below —290°F (—179°C). The National Fire 
Protection Association states" 


Liquid oxygen is the most concentrated common source of oxygen. Contamination 
of liquid oxygen with most organic substances often renders the mixture subject to 
violent explosion. 

An inadvertent oxygen enriched atmosphere can be created within insulation on 
piping and equipment containing materials at temperatures below the condensation 
temperature of oxygen (e.g., liquid hydrogen or nitrogen), if the oxygen in the atmo- 
spheric air is condensed within the insulation. 


Therefore, there is a risk of liquid oxygen explosion with organic insulation materials 
and accessory products. Organic foam insulations, if used in the potential presence 
of condensing oxygen, require that the foam must be protected by a gas-imperme- 
able membrane.? 
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Sanitary and Sewerage Water. 


MATERIALS 
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Water lines and sewerage lines are generally insu- 
lated only as a means to prevent freezing. All the considerations appropriate for 
freeze protection requirements discussed earlier in this chapter should prevail. 


There are many different types of insulation materials available for both commercial 
and industrial piping applications. There are in fact too many to discuss in detail 
here. For the purposes of this chapter, a few of the more common commercial and 
industrial piping insulation types, or classifications, will be described. The following 
list, sorted alphabetically, comprises the material classifications most common to 
the industrial and commercial piping industry: 


* Calcium silicate insulation 


* Cellular glass insulation 
* Elastomeric foam insulation 


* Fiberglass and mineral wool insulations 


* Perlite insulation 


* Phenolic foam insulation 


* Polystyrene foam insulation 


* Polyurethane and polyisocyanurate foam insulations 


Table B7.1 illustrates some of the properties of insulation materials that are 
commonly referred to in the insulation material selection process. Table B7.4 
through Table B7.16 provide thickness guidelines for the materials referenced in 


TABLE B7.4 Calcium Silicate Insulation Thickness Table 
Recommended thickness table 
Surface emittance — 0.4 
Hot pipe worst-case ambient temperature of 90.0°F for a surface temperature of 140.0°F or less 


Average wind velocity = 5.0 mph 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 12.0 16.0 180 24.0 Flat 
Temperature 
(°F) Calcium silicate thickness (in) 
200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
500.0 10 L0 10 15 15 15 15 15 15 15 20 20 20 2.0 
600.0 15 15 15 15 15 20 20 20 20 20 25 25 25 25 
700.0 15 15 20 20 20 20 20 25 25 25 30 30 30 335 
800.0 15 20 20 20 25 25 30 30 30 30 35 35 35 4.0 
900.0 20 20 20 25 30 30 35 35 35 40 40 40 45 590 
1000.0 20 25 25 30 30 35 35 40 40 45 45 50 50 6.0 


Maximum heat flow — 115.1 Btu/(h- ft?) (highest heat flow of any in the table). 
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TABLE B7.4M Calcium Silicate Insulation Thickness Table 

Recommended thickness table 

Surface emittance = 0.4 Average wind velocity = 8 km/h 

Hot pipe worst-case ambient temperature of 32°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(°C) Calcium silicate thickness (mm) 

75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 38 38 38 38 38 38 38 38 38 38 38 
250 25 25 25 25 38 38 38 38 38 38 51 51 51 51 
300 25 38 38 38 38 38 51 51 51 51 64 64 64 64 
350 38 38 38 38 51 51 51 64 64 64 64 76 76 76 
400 38 38 51 51 64 64 64 64 76 76 76 89 89 102 
450 51 51 51 64 64 76 76 76 89 89 102 102 102 114 
500 51 51 51 64 76 76 89 89 102 102 114 114 114 127 
550 64 64 64 76 89 89 102 102 114 114 127 127 127 152 


Maximum heat flow = 378.1 W/m? (highest heat flow of any in the table). 


Table B7.1. Tables B7.17 through Table B7.22 provide thermal conductivity data 
for each of these materials. It is important to remember that the properties of the 
material alone should not control the specification process. It is the combined 
properties of the insulation material and the corresponding accessory products that 
make up the total system that should control. 


TABLE B7.5 Calcium Silicate Insulation Thickness Table 


Recommended thickness table 
Surface emittance — 0.4 Average wind velocity = 5.0 mph 
Hot pipe worst-case ambient temperature of 80.0°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 12.0 16.0 180 240 Flat 


Temperature 
(°F) Calcium silicate thickness (in) 


200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 15 
500.0 10 L0 10 10 10 10 15 15 15 15 15 15 15 20 
600.0 10 1015 15 15 15 15 15 20 20 20 20 20 25 
700.0 15 15 15 15 15 20 20 20 20 20 25 25 25 3.0 
800.0 15 15 20 20 20 20 25 25 25 25 30 30 30 3.5 
900.0 15 20 20 20 25 25 30 30 30 30 35 35 35 4.0 
1000.0 20 20 20 25 25 30 30 35 35 35 40 40 40 5.0 


Maximum heat flow = 138 Btu/(h- ft?) (highest heat flow of any in the table). 
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TABLE B7.5M Calcium Silicate Insulation Thickness Table 
Recommended thickness table 
Surface emittance — 0.4 Average wind velocity — 8 km/h 


Hot pipe worst-case ambient temperature of 27°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


B.327 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(°C) Calcium silicate thickness (mm) 
75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 25 25 38 38 38 38 38 38 38 38 
300 25 25 25 38 38 38 38 38 38 38 51 51 51 51 
350 25 38 38 38 38 38 51 51 51 51 64 64 64 64 
400 38 38 38 38 51 51 51 64 64 64 64 76 76 76 
450 38 38 51 51 51 64 64 64 76 76 76 76 89 89 
500 38 51 51 51 64 64 76 76 76 89 89 89 102 114 
550 51 51 51 64 76 76 89 89 89 102 102 102 114 127 
Maximum heat flow = 474 W/m? (highest heat flow of any in the table). 
Calcium Silicate Insulation. Calcium silicate is a very rigid, high-density material 
used exclusively for applications above 250°F (121°C). This insulation material has 
been a standard for high temperature applications for many years. Compressive 
strengths are very good, and it is noncombustible. It is suitable for temperatures 
from 250°F (121°C) up to 1000°F (538°C). Calcium silicate is manufactured from a 
TABLE B7.6 Cellular Glass Insulation Thickness Table (Hot) 
Recommended thickness table 
Surface emittance — 0.4 Average wind velocity = 5.0 mph 
Hot pipe worst-case ambient temperature of 90°F for a surface temperature of 140.0°F or less 
Nominal pipe size (NPS) 
05 10 15 20 30 40 60 80 100 120 160 180 240 Flat 
Temperature 
(°F) Super_k™ FOAMGLAS6® insulation,* inches 
200.0 10 10 10 10 10 10 10 15 13 1.5 1.5 1.5 1.5 1.5 
300.0 10 10 10 10 10 10 10 15 15 1.5 1.5 1.5 1.5 1.5 
400.0 10 10 10 10 10 10 10 15 15 1.5 L5 1.5 1.5 1.5 
500.0 10 10 10 15 15 15 15 15 1.5 1.5 2.0 2.0 2.0 2.0 
600.0 15 15 15 15 20 20 20 20 23 2.5 2.5 2.5 2.5 3.0 
700.0 L5. 20 .20 20) 25. 257 25 25 3.0 3.0 23 3.5 3.5 4.0 
800.0 20 20 25 25 30 30 35 35 3.5 4.0 4.0 4.0 4.5 5.0 
900.0 A45. 25 30 30 35 35 40 45 4.5 5.0 5.0 5.0 5.5 6.5 


Maximum heat flow = 116.7 Btu/(h- ft?) (highest heat flow of any in the table). 


*Super k" FOAMGLAS? insulation is a registered trademark of Pittsburgh Corning Corporation. 
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TABLE B7.6M Cellular Glass Insulation Thickness Table (Hot) 

Recommended thickness table 

Surface emittance — 0.4 Average wind velocity — 8 km/h 

Hot pipe worst-case ambient temperature of 32°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 

(°C) Super_k™ FOAMGLAS? insulation,* mm 

75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 38 38 38 38 38 38 51 51 51 51 
300 38 38 38 38 38 51 51 51 51 51 64 64 64 64 
350 38 38 51 51 51 51 64 64 64 64 76 76 76 89 
400 51 51 64 64 64 64 76 76 89 89 89 102 102 114 
450 51 64 76 76 76 76 89 102 102 102 114 114 127 140 
500 76 76 89 89 89 102 102 114 127 127 140 140 140 178 


Maximum heat flow = 356 W/m? (highest heat flow of any in the table). 
*Super k" FOAMGLASS insulation is a registered trademark of Pittsburgh Corning Corporation. 


slurry that is poured into molds to make various pipe-covering shapes. It is generally 
available in half sections, quad-sections, and flat blocks. Calcium silicate is applied 
to the piping with metal bands and generally covered with a metal jacket. 


Cellular Glass Insulation. Cellular glass insulation is a high-strength, versatile 
insulation used in temperature services that range from —450°F (—268°C) up to 


TABLE B7.7 Cellular Glass Insulation Thickness Table (Hot) 

Recommended thickness table 

Surface emittance — 0.4 Average wind velocity = 5.0 mph 

Hot pipe worst-case ambient temperature of 80°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 24.0 Flat 


Temperature 
(°F) Super k^" FOAMGLAS® insulation,* inches 


200.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
500.0 10 L0 10 10 10 10 15 15 15 15 15 15 15 20 
600.0 10 1015 15 15 15 20 20 20 20 20 25 25 25 
700.0 15 15 15 15 20 20 20 25 25 25 30 30 30 3.0 
800.0 15 20 20 20 25 25 30 30 30 30 35 35 35 4.0 
900.0 20 20 25 25 30 30 35 35 40 40 45 45 45 5.0 


Maximum heat flow = 143.4 Btu/(h- ft?) (highest heat flow of any in the table). 
*Super_k™ FOAMGLASS insulation is a registered trademark of Pittsburgh Corning Corporation. 


THERMAL INSULATION OF PIPING B.329 


TABLE B7.7M Cellular Glass Insulation Thickness Table (Hot) 

Recommended thickness table 

Surface emittance — 0.4 Average wind velocity — 8 km/h 

Hot pipe worst-case ambient temperature of 27°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 

(°C) Super_k™ FOAMGLAS? insulation,* mm 

75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 25 25 38 38 38 38 38 38 38 38 
300 25 25 38 38 38 38 38 38 38 51 51 51 51 51 
350 38 38 38 38 51 51 51 51 51 64 64 64 64 76 
400 38 38 51 51 51 64 64 64 64 76 76 76 89 89 
450 51 51 64 64 64 76 76 76 89 89 102 102 102 114 
500 51 64 76 76 76 89 89 102 102 102 114 114 127 140 


Maximum heat flow = 436 W/m? (highest heat flow of any in the table). 
*Super k" FOAMGLASS insulation is a registered trademark of Pittsburgh Corning Corporation. 


900°F (538°C). Cellular glass insulation is all closed-cell glass with no organic binders 
or fillers. The closed-cell glass structure renders it impervious to liquid water and 
the driving force of water vapor pressure. It is manufactured in flat blocks which 
are then fabricated into any shape specified. Fabrication techniques are governed 
by ASTM Standard Recommended Practice for Inner and Outer Diameters of 
Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing. Cellular glass is 


TABLE B7.8 Fiberglass Insulation Thickness Table (Hot) 

Recommended thickness table 

Surface emittance = 0.4 Average wind velocity = 5.0 mph 

Hot pipe worst-case ambient temperature of 90°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 12.0 16.0 180 24.0 Flat 


Temperature 
(°F) Fiberglass thickness (in) 


200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
500.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
600.0 10 10 10 L0 15 15 15 15 15 15 20 20 20 2.0 
700.0 10 1015 15 15 15 20 20 20 20 20 25 25 25 
800.0 15 15 15 15 20 20 20 25 25 25 25 30 30 3.0 
850.0 15 15 20 20 20 20 25 25 25 25 30 30 30 3.5 


Maximum heat flow = 121.9 Btu/(h- ft?) (highest heat flow of any in the table). 
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TABLE B7.8M Fiberglass Insulation Thickness Table (Hot) 

Recommended thickness table 

Surface emittance — 0.4 Average wind velocity — 8 km/h 

Hot pipe worst-case ambient temperature of 32°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(*C) Fiberglass thickness (mm) 

75 25:..25.. 25..- 25. 23 25 25 38 38 38 38 38 38 38 
100 25.28. i2» .25. 25 25 25 38 38 38 38 38 38 38 
150 25. 25. 25 25. 25 25 25 38 38 38 38 38 38 38 
200 25. 25. 25. ."25...25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 25 25 38 38 38 38 38 38 38 38 
300 25 2 2 38 38 38 38 38 38 38 51 51 51 51 
350 38 38 38 38 38 51 51 51 51 51 64 64 64 64 
400 38 38 5 51 35 51 64 64 64 64 76 76 76 90 
450 38 51 64 64 64 64 76 76 76 89 89 89 89 102 


Maximum heat flow = 348.2 W/m’ (highest heat flow of any in the table). 


applied to cold piping in single or double layers and usually is used with a joint 
sealant and then covered with either a fabric-reinforced mastic or a metal jacket. 
On hot piping applications, cellular glass is applied to the pipe in single or double 
layers with metal bands. No sealants are used on hot applications. It is then covered 
with metal jacket. 


TABLE B7.9 Fiberglass Insulation Thickness Table (Hot) 


Recommended thickness table 
Surface emittance — 0.4 Average wind velocity = 5.0 mph 
Hot pipe worst-case ambient temperature of 80°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 24.0 Flat 


Temperature 
(°F) Fiberglass thickness (in) 


200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
500.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
600.0 10 L0 10 10 15 15 15 15 15 15 15 15 20 2.0 
700.0 10 1015 15 15 15 20 20 20 20 20 20 25 25 
800.0 15 15 15 15 20 20 20 25 25 25 25 30 30 3.0 
850.0 15 15 20 20 20 20 25 25 25 30 30 30 30 3.5 


Maximum heat flow = 146 Btu/(h- ft?) (highest heat flow of any in the table). 


THERMAL INSULATION OF PIPING B.331 


TABLE B7.9M Fiberglass Insulation Thickness Table (Hot) 


Recommended thickness table 
Surface emittance — 0.4 Average wind velocity — 8 km/h 
Hot pipe worst-case ambient temperature of 27°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(*C) Fiberglass thickness (mm) 

75 25:...25. 25. 25. 725 25 25 38 38 38 38 38 38 38 
100 25 25 2» 25 25 25 25 38 38 38 38 38 38 38 
150 25. 25. 25 25. 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
300 25 25 25 25 25 25 38 38 38 38 38 38 38 38 
350 25 2 38 38 38 38 38 38 38 51 51 51 51 51 
400 38 38 38 38 38 51 51 51 51 51 64 64 64 76 
450 38 38 51 51 5 51 64 64 64 64 76 76 76 89 


Maximum heat flow = 428.5 W/m? (highest heat flow of any in the table). 


Elastomeric Foam Insulation. | Elastomeric foams are used almost exclusively in 
commercial, institutional, and residential facilities. It is used primarily on hot water 
and chilled water lines, or for water and sewer lines for freeze protection. Elastomer- 
ics are extruded into pipe dimensions and generally available in /2-in (13-mm), 
34-in (19-mm), and 1-in (25-mm) thicknesses. It is available in sheet form for 
equipment. These foams are usually taped, wired, or glued in place. 


TABLE B7.10 Perlite Insulation Thickness Table (Hot) 


Recommended thickness table 
Surface emittance — 0.4 Average wind velocity = 5.0 mph 
Hot pipe worst-case ambient temperature of 90°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 240 Flat 


Temperature 
CF) Perlite thickness (in) 


200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 10 10 15 15 15 15 15 15 15 15 2.0 
500.0 10 1015 15 15 15 20 20 20 20 20 25 25 25 
600.0 15 15 20 20 20 20 25 25 25 25 30 30 30 3.5 
700.0 15 2.0 20 20 25 25 30 30 30 30 35 35 35 4.0 
800.0 20 20 20 25 30 30 35 35 35 40 45 45 45 5.0 
900.0 25 25 25 3.0 35 35 40 40 45 45 50 50 50 6.0 
1000.0 25 30 30 35 40 40 45 45 50 55 55 55 60 7.0 


Maximum heat flow = 122.3 Btu/(h- ft’) (highest heat flow of any in the table). 


B.332 GENERIC DESIGN CONSIDERATIONS 


TABLE B7.10M  Perlite Insulation Thickness Table (Hot) 


Recommended thickness table 
Surface emittance — 0.4 Average wind velocity — 8 km/h 
Hot pipe worst-case ambient temperature of 32°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(°C) Perlite thickness (mm) 

75 Zo 25 -29n 295 25 25 25 38 38 38 38 38 38 38 
100 2». "257 25 -25 25 25 25 38 38 38 38 38 38 38 
150 25, <25: 25° -25 25 25 25 38 38 38 38 38 38 38 
200 25. 28. 28 25 25 25 38 38 38 38 38 38 38 51 
250 25. 25 38 38 38 38 51 51 51 51 51 51 51 64 
300 38 38 38 38 51 51 51 64 64 64 64 64 76 76 
350 38 51 51 51 64 64 64 64 76 76 89 89 89 102 
400 51 51 51 64 64 76 76 76 89 89 102 102 102 114 
450 51 64 64 64 76 76 89 89 102 102 114 114 114 140 
500 64 64 .64 76 89 89 102 114 114 127 127 127 140 165 
550 64 76 76 89 102 102 114 127 127 140 152 152  Á 165 191 


Maximum heat flow = 366 W/m? (highest heat flow of any in the table). 


Fiberglass and Mineral Wool Insulations. Fiberglass and mineral wool are actu- 
ally two separate and distinct types of insulation; however, many of their applications 
and physical properties are similar. These products are generally used in hot applica- 
tions, but with some restrictions they can be used in cold applications as well. 
Fiberglass is often used from chilled water piping temperatures up to a maximum 


TABLE B7.11 Perlite Insulation Thickness Table (Hot) 


Recommended thickness table 
Surface emittance — 0.4 Average wind velocity = 5.0 mph 
Hot pipe worst-case ambient temperature of 80°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 24.0 Flat 


Temperature 
CF) Perlite thickness (in) 


200.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 20 
500.0 10 10 10 L0 15 15 15 15 15 15 20 20 20 2.0 
600.0 15 15 15 15 15 202020 20 20 25 25 25 25 
700.0 15 15 20 20 20 20 25 25 25 25 30 30 30 3.5 
800.0 15 20 20 20 25 25 30 30 30 30 35 35 35 4.0 
900.0 20 20 20 25 30 30 35 35 35 40 40 40 45 5.0 
1000.0 20 25 25 30 30 35 35 40 40 45 45 50 50 6.0 


Maximum heat flow = 146 Btu/(h- ft?) (highest heat flow of any in the table). 


THERMAL INSULATION OF PIPING 


TABLE B7.11M  Perlite Insulation Thickness Table (Hot) 
Recommended thickness table 
Surface emittance — 0.4 Average wind velocity — 8 km/h 


Hot pipe worst-case ambient temperature of 27°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


B.333 


(15) (25) (40) (50) (80) (100) (150) (200) (250) 


(300) (400) (450) (600) Flat 


Temperature 
(*C) Perlite thickness (mm) 

75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 38 38 38 38 38 38 51 51 51 51 
300 25 25 38 38 38 38 51 51 51 51 64 64 64 64 
350 38 38 38 38 51 51 51 64 64 64 64 76 76 76 
400 38 38 51 51 51 64 64 64 76 76 76 89 89 102 
450 51 51 51 64 64 76 76 76 89 89 102 102 102 114 
500 51 51 51 64 76 76 89 89 102 102 114 114 114 127 
550 64 64 64 76 89 89 102 102 114 114 127 127 127 152 

Maximum heat flow = 479 W/m? (highest heat flow of any in the table). 
TABLE B7.12 Mineral Wool Insulation Thickness Table (Hot) 
Recommended thickness table 
Surface emittance — 0.4 Average wind velocity — 5.0 mph 
Hot pipe worst-case ambient temperature of 90°F for a surface temperature of 140.0°F or less 
Nominal pipe size (NPS) 
05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 24.0 Flat 
Temperature 
CF) Mineral wool thickness (in) 
200.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
500.0 10 L0 10 10 15 15 15 15 15 15 15 15 20 2.0 
600.0 10 15 15 15 15 15 20 20 20 20 20 25 25 25 
700.0 15 15 20 20 20 20 25 25 25 25 30 30 30 3.5 
800.0 15 20 20 20 25 25 30 30 30 35 35 35 40 45 
900.0 20 25 25 25 30 30 35 35 40 40 45 45 45 55 
1000.0 25 25 30 30 35 40 40 45 45 50 50 55 55 65 
1100.0 25 30 35 40 40 45 45 50 50 60 60 65 65 80 
1200.0 30 35 40.45 45 50 50 55 60 70 70 75 75 95 


Maximum heat flow = 119.5 Btu/(h- ft?) (highest heat flow of any in the table). 


B.334 


TABLE B7.12M Mineral Wool Insulation Thickness Table (Hot) 


Recommended thickness table 
Surface emittance — 0.4 
Hot pipe worst-case ambient temperature of 32°C for a surface temperature of 60.0°C or less 


Average wind velocity — 8 km/h 


GENERIC DESIGN CONSIDERATIONS 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) 


(100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(°C) Mineral wool thickness (mm) 

75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 25 25 38 38 38 38 38 38 38 51 
300 25 25 38 38 38 38 51 51 51 51 51 51 51 64 
350 38 38 38 38 51 51 51 64 64 64 64 64 76 76 
400 38 38 51 51 64 64 64 64 76 76 89 89 89 102 
450 51 51 51 64 64 76 76 89 89 89 102 102 102 114 
500 51 64 64 76 76 89 89 102 102 114 114 114 127 140 
550 64 76 76 89 89 102 114 114 127 127 140 140 140 178 
600 64 76 89 102 102 114 127 140 140 152 165 165 165 203 
650 76 89 102 114 127 127 140 152 165 178 178 191 191 241 

Maximum heat flow = 371.3 W/m? (highest heat flow of any in the table). 
TABLE B7.13 Mineral Wool Insulation Thickness Table (Hot) 
Recommended thickness table 
Surface emittance = 0.4 Average wind velocity = 5.0 mph 
Hot pipe worst-case ambient temperature of 80.0°F for a surface temperature of 140.0°F or less 
Nominal pipe size (NPS) 
05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 24.0 Flat 
Temperature 
(°F) Mineral wool thickness (in) 
200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
400.0 10 L0 10 10 10 10 10 15 15 15 15 15 15 15 
500.0 10 10 10 10 10 10 10 15 15 15 15 15 20 2.0 
600.0 10 L0 10 15 15 15 15 15 15 15 20 20 20 2.0 
700.0 1.5 1:5. 15.15 15 20 20 20 20 20 25 25 25 39 
800.0 15 15 20 20 20 20 25 25 25 30 30 30 30 35 
900.0 20 20 20 20 25 25 30 30 35 35 35 40 40 45 
1000.0 20 25 25 25 30 30 35 35 40 40 45 45 45 55 
1100.0 25 25 25 30 35 35 40 45 45 50 50 55 55 65 
1200.0 25 30 30 35 40 45 50 50 55 55 60 60 65 80 


Maximum heat flow = 142 Btu/(h- ft?) (highest heat flow of any in the table). 


THERMAL INSULATION OF PIPING B.335 


TABLE B7.13M Mineral Wool Insulation Thickness Table (Hot) 

Recommended thickness table 

Surface emittance — 0.4 Average wind velocity — 8 km/h 

Hot pipe worst-case ambient temperature of 27°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(°C) Mineral wool thickness (mm) 

75 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
200 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
250 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
300 25 25 25 25 38 38 38 38 38 38 51 51 51 51 
350 25 25 38 38 38 38 51 51 51 51 51 64 64 64 
400 38 38 38 38 5i 51 51 64 64 64 64 76 76 76 
450 38 51 51 51 64 64 64 64 76 76 89 89 89 102 
500 51 51 51 64 64 76 76 76 89 89 102 102 102 114 
550 51 64 64 76 76 89 89 102 102 102 114 114 127 140 
600 64 64 76 76 89 102 102 114 127 127 140 140 140 165 
650 64 76 76 89 102 114 127 127 140 140 152 152 165 208 


Maximum heat flow = 469 W/m’ (highest heat flow of any in the table). 


of 850°F (454°C). Mineral wool has a peak temperature limit of 1200°F (649°C). 
Fiberglass is made from glass fibers bonded together with resin binders. Mineral 
wool is made from rock slag fibers and bonded together with resin or clay binders. 
These materials are generally applied with metal bands or wire or tape and are 
covered with a metal or nonmetallic flexible jacket. On indoor applications they 
are frequently covered with an all-service jacket. 


Perlite Insulation. Perlite insulation is generally used in the same types of applica- 
tions as calcium silicate. It is somewhat lighter in density and lower in compressive 
strength than calcium silicate; however, it usually is treated with a water inhibitor 


TABLE B7.14 Polyurethane and Polyisocyanurate Insulation Thickness Table (Hot) 
Recommended thickness table 

Surface emittance — 0.4 Average wind velocity = 5.0 mph 

Hot pipe worst-case ambient temperature of 90.0°F for a surface temperature of 140.0°F or less 


Nominal pipe size (NPS) 


05 1.0 15 20 30 40 60 80 10.0 120 16.0 180 24.0 Flat 


Temperature 
(°F) Polyurethane and polyisocyanurate thickness (in) 


200.0 10 10 10 LO 10 10 10 15 15 15 15 15 15 15 
250.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 
300.0 10 L0 10 LO 10 10 10 15 15 15 15 15 15 15 


Maximum heat flow = 42.9 Btu/(h- ft’) (highest heat flow of any in the table). 


B.336 GENERIC DESIGN CONSIDERATIONS 


TABLE B7.14M  Polyurethane and Polyisocyanurate Insulation Thickness Table (Hot) 
Recommended thickness table 

Surface emittance — 0.4 Average wind velocity = 8 km/h 

Hot pipe worst-case ambient temperature of 32°C for a surface temperature of 60.0°C or less 


Diameter nominal (DN) 


(15) (25) (40) (50) (80) (100) (150) (200) (250) (300) (400) (450) (600) Flat 


Temperature 
(°C) Polyurethane and polyisocyanurate thickness (mm) 
75 25°. 125. .25. 2 25:7 25 25 25 38 38 38 38 38 38 38 
100 25 25 25 25 25 25 25 38 38 38 38 38 38 38 
150 25: 25 25. 25. 325 25 25 38 38 38 38 38 38 38 


Maximum heat flow = 136 W/m? (highest heat flow of any in the table). 


TABLE B7.15 Cellular Glass Insulation Thickness Table (Cold) 
Recommended lower pipe temperature limits for given insulation thickness (°F) 
Insulation material: Super k" FOAMGLAS? insulation 

Ambient temperature = 90.0°F Heat flow limit = —10.0 + 0.1 Btu/(h- ft’) 
Wind velocity = 5.0 mph Emittance = 0.9 


Insulation thickness (in) 
Super_k™ FOAMGLAS® insulation* 


NPS |10 15 2.0 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 85 90 


0.05 | 23 -32 -95 -139 -245 -396 

0.75 | 35. —13 -68 -105 -191 

100|25 -17 -73 -145 -234 -363 

1.50 | 33 -2 -26 .-79 -14 -221 -331 

2.00 | 35 0 —-44 -95 -157 -237 -364 

2.50 | 37 20 -17  -S59 -110 -173 -265 -381 

3.00 | 40 9 —26 .-—67 -117 -187 -268 -—378 

4.00 | 41 13 -19 4-57 -107 -162 -230 =% 

5.00 | 43 17 -12 -51 -92 -141 -217 -296 -—403 
6.00 | 46 21 —10 d -43 .—81 -138 -194 -263 -353 


8.00 20. -6 =45 -80 -122 -170 -229 -302 -—398 
10.00 19 -6 4-35 —68 -105 -149 -199 -261 -339 -439 
12.00 20. -4 .-32 -63 4.98 -139 -186 -242 -311 -399 
14.00 26 2 —-23 -53 -86 -124 -167 -218 -280 -357 
16.00 27 3 -21 -50 -82 -118 -159 -207 -264 -335 -424 
18.00 27 4 —20 -48 -79 -113 -153 -198 -252 -318 -400 
20.00 28 5 —19 -46 -76 -109 -147 -191 -242 -304 -—381 
24.00 28 6 -—17 -43 -72 -104 -140 -180 -228 -284 -353 -437 
28.00 29 7 —15 -41 .-69 -100 -134 -173 -217 -270 -333 —411 
30.00 29 8 —15 -40 .-68 -—98 -132 -170 -213 -264 -325 -400 
36.00 29 8 —13 -38 -65 -94 -126 -163 -204 -251 -307 -375 
42.00 30 9 —12 -37 -63 .-91 -122 -157 -197 -242 -295 -358 -434 
48.00 30 9 -12 -—35 -61 .-89 -120 -153 -191 -235 -285 -345 -417 
60.00 30 10 -11 -34 -59 -86 -115 -148 -184 -225 -272 -327 -393 
72.00 31 10 -10 -33 -57 -84 -113 -144 -179 -218 -263 -316 -378 
96.00 31 11 -9 -—32 —-56 4-81 -109 -139 -173 -210 -253 -301 -358 -425 
120.00 31 11 -9  —31 .—54 -80 -107 -137 -169 -205 -246 -293 -347 -410 
168.00 31 12 -8  —30 4.—53  Á-78 -105 -133 -165 -200 -239 -283 -334 -393 
Flat 32 13. —7 -28 -50 -73 -99 -125 -154 -186 -221 -260 -303 -353 -410 


* Super k" FOAMGLASG® insulation is a registered trademark of Pittsburgh Corning Corporation. 


THERMAL INSULATION OF PIPING B.337 


TABLE B7.15M Cellular Glass Insulation Thickness Table (Cold) 
Recommended lower pipe temperature limits for given insulation thickness (°C) 
Insulation material: Super k" FOAMGLASS insulation 

Ambient temperature = 32°C Heat flow limit = —31.5 W/m? 

Wind velocity = 8 km/h Emittance = 0.9 


Insulation thickness (in) 
Super_k™ FOAMGLAS6® insulation* 


NPS |10 15 20 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0 85 9.0 


0.05 | —4 -35 -70 -95 -154 —238 
0.75 1 =25 55. -76 +124 
100, -3 -27 -58 -98 -148 -219 


1.50 0 -19 -32 -62 -96 -140 -202 
2.00 1 -18 -42 -70 -105 -149 -220 
2.50 2. —-6 -27 -50 ~—-79 -114 -165 -229 
3.00 4 -12 -32 -55 -83 -121 -166 -227 
4.00 5 -10 -28 -49 -77 -108 -145 -210 
5.00 6 -7 —24 -46 -69 -96 -138 -182 -241 
6.00 7 —-5 -23 -42 -63 ü.—94 -125 -164 -214 
8.00 —-6 -21 -42 .-62 .-85 -112 -145 -186 -239 
10.00 -7 -21 -37 4-55  -76 -100 -128 -163 -206 -262 
12.00 -6 -20 -35 -53 -72 4-95 -121 -152 -190 -239 
14.00 -2 -16 -30 .-47 -65 4.-86 -110 -139 -173 -216 
16.00 -2 -15 -29 -45 -63 -83 -106 -132 -164 -204 -253 
18.00 -2 -15 -28  -44 .-61 4-80 -102 -128 -158 -194 -—240 
20.00 -2 -14 -27 .-43 -60 -78 4.—99 -124 -1532 -187 -229 
24.00 -1 -13 -26 -41 .-57 -75 ü—95 -118 -144 -175 -214 -260 
28.00 -1 -13 -25 -40 -56 -73 -92 -114 -138 -168 -203 -246 
30.00 -1 -13 -24 4-40 .-55 -72 -9 -112 -136 -164 -198 -—240 
36.00 0 -12 -24 -39 -54 -70 -88 -108 -131 -157 -188 -226 
42.00 0 -12 -23 -38 .-52 -68 Á —-86 -105 -127 -152 -181 -217 -259 
48.00 0 -12 -23 -37 .-51 .-67 4-84 -103 -124 -148 -176 -209 -249 
60.00 0 -11 -23 -36 .-50 .-65 ü.—82 -100 -120 -143 -169 -199 -236 
72.00 0 -11 -22 -36 -49 .-64 -80 -98 -117 -139 -164 -193 -227 
96.00 0 -11 -22 -35 -48 -63 ü.-—78 4-95 -114 -134 -158 -185 -217 -254 
120.00 0 -11 -22 -35 -48 .-62 -T7T] a-93 -112 -132 -154 -180 -210 -245 
168.00 0 -11 -22 -34 -47 -61 —76  -92 -109 -129 -150 -175 -203 -236 
Flat 0 -10 -21 -33 -45 4.—58 .-72 -87 -103 -121 -140 -162 -186 -214 -—246 


* Super k" FOAMGLASS insulation is a registered trademark of Pittsburgh Corning Corporation. 


which tends to keep it drier than calcium silicate. Perlite insulation is also made in 
molds to fit the range of pipe-covering shapes required by industry. It is usually 
applied with metal bands and covered with a metal jacket. 


Phenolic Foam Insulation. Phenolic foam is a very low thermal conductivity 
organic foam insulation used primarily for plastic piping in freeze protection applica- 
tions. Phenolic foam insulation is made in a catalyst reaction bun and is cut in a 
fabrication process to the sizes needed for the applications. It is generally applied 
with tape or wire and covered with all-service jacket or metal jacket depending on 
the ambient conditions and the geography. 


Polystyrene Insulation. Polystyrene is a very inexpensive, efficient thermal insula- 
tion used almost exclusively in residential and food processing applications. It comes 
in expanded boards and extruded buns. The extruded buns are sometimes used to 
fabricate pipe covering for chilled water lines or water and sewer lines. In residential 
applications it is used in the wall panels. In food processing it is used in the walls 


B.338 GENERIC DESIGN CONSIDERATIONS 


TABLE B7.16 Polyurethane or Polyisocyanurate Insulation Thickness Table (Cold) 


Recommended lower pipe temperature limits for given insulation thickness (°F) 
Insulation material: urethane 

Ambient temperature = 90.0°F Heat flow limit = —10.0 + 0.1 Btu/(h ft’) 
Wind velocity = 5.0 mph Emittance = 0.9 


Insulation thickness (in) 


NPS 10 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 80 85 


0.05 | -18 -94 -171 -359 

0.75 0 —69 -—138 -289 -425 

1.00 | -15 -74 -—144 -230 -345 

150} -2 -55 -152 -226 -328 -443 
2.00 0 —52 -109 -—170 -245 -349 
2.50 3 -—74 -—128 -189 -265 -384 


3.00 8 —38  -85 -137 -197 -283 -—386 
4.00 9 —32 -76 -124 -185 -251 -339 
5.00 13 -25 -67 -118 -167 -225 -322 -416 
6.00 17 —20  Á-65 -108 -154 -222 -291 -381 
8.00 -21  —59 -109 -153 -202 -261 -338 -421 
10.00 -23  —60  -98 .-138 -183 -234 -299 -—379 -—448 
12.00 -21 -57  —93 -132 -174 -222 -281 -354 -428 
14.00 -12 -46 . -82 -119 -159 -204 -257 -323 -399 
16.00 -11  -45 —79 -116 -154 -197 -247 -308 -382 -445 
18.00 —10 -44  Á-78 -113 -150 -192 -—239 -297 -367 -433 
20.00 -10 -42 -76 -1 —147 -187 -233 -288 -355 -422 
24.00 -9 -41 —73 -107 -142 -180 -223 -274 -336 -404 
28.00 -8  -40 4-72 -104 -139 -176 -217 -264 -323 -—389 -444 
30.00 -8  -39 Em -103 -137 -174 -214 -260 -317 -382 -439 
36.00 -7  —38 —69 -101 -134 -169 -207 -251 -304 -366 -425 
42.00 -7 =37.  —68 4 —-99 -—131 -166 -—203 -245 -295 -—354 -414 
48.00 —6  —36 -67 -98 -129 -163 -199 -240 -288 -345 -405 
60.00 -6  —-36  —65 96. 127. —159. —194.-—233 .—279. -=332 391 —440 
72.00 ES © =35 —65 —94 -125 -157 -191 -229 -272 324 —381 -432 
96.00 —5  —34 -63 -93 -123 -154 -187 -223 -264 -313 -368 -420 
120.00 =5 -34 -63 ü.-92 -121 -152 -184 -220 -260 -306 -360 -412 
168.00 -4  —-33 -62 —91 -120 -150 -181 -216 -254 -299 -350 -402 —444 
Flat -4  -32 -60 -88 -116 -144 -174 -206 -241 -281 -327 -377 -421 


and on the roofs. It has a low permeability rating and is easy to work with. It is 
applied with bands, tape, wire, or glue depending on the application. 


Polyurethane and Polyisocyanurate Foam Insulations. Polyurethane and polyi- 
socyanurate foams are two chemically different insulation materials; however, their 
cell structure and physical properties are so similar that they are usually lumped 
into a common category. This is probably not fair to polyisocyanurate foam insula- 
tion because it generally tends to be of higher quality. Both insulations have very 
good thermal properties. They are used from about —200°F (—129°C) up to 300°F 
(149°C) both indoors and outdoors. On cold applications they require multiple 
layers due to the contraction characteristics. These insulations are manufactured 
in batch bun processing and then sold to fabricators who cut them into various 
shapes and sizes depending on the applications. These insulation materials are 
usually applied with tape or wire and covered with either a fabric-reinforced mastic 
or a metal jacket. 


THERMAL INSULATION OF PIPING B.339 


TABLE B7.16M  Polyurethane or Polyisocyanurate Insulation Thickness Table (Cold) 
Recommended lower pipe temperature limits for given insulation thickness (°C) 

Insulation material: urethane insulation 

Ambient temperature = 32°C Heat flow limit = 2.93 W/m? 

Wind velocity = 8 km/h Emittance = 0.9 


Insulation thickness (in) 


NPS 10 15 2.0 2.5. 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 80 85 


0.05 | -28 -70 -113 -217 
0.75 | -17 -56 -94 -178 -254 
1.00 | -26 -59 -98 -145 -209 


1.50 | —19 —48 —102 -143 -200 -264 
2.00 | -17 —46 -78 -112 -154 -21 
2.50| -15 —59  -88 -122 -165 -23 
3.00| -12 -39  —65 -94 -127 -175 -222 
4.00 | -12 -35 d -60 -87 -120 -157 -206 
5.00| -10 -32  —55 —83 -110 -143 -196 -—248 
6.00 | -8 -29 -54 -77 -103 -141 -179 -229 
8.00 —29  —50  —78 -102 -130 -163 -205 -251 
10.00 —-30 >51 —72  —94 -119 -148 -184 -228 -266 
12.00 —29 -49 -69 4-91 -114 -141 -173 -214 -255 
14.00 —24  —43 -63  Á -84 -106 -131 -160 -197 -239 
16.00 —24  —42  —62 -82 -103 -127 -155 -189 -230 -265 
18.00 -23  -42  -61 —80 -101 -—124 -150 -182 -222 -258 
20.00 -23  —41 -60 -79 -99 -122 -147 -177 -215 -232 
24.00 -22 -40 -58 -77 -97 -118 -142 -170 -204 -242 
28.00 -22 -40 =57 -76 -95 -115 -138 -164 -197 -233 -264 
30.00 222. 39> 54. 5 —94 -114 -136 -162 -194 -—230 -261 
36.00 -21 -39 .—56 .-74 Á -92 -111 -133 -157 -186 -221 -254 
42.00 -21  -38  Á—55 —73  —90 -110 -130 -154 -181 -214 -247 
48.00 -21  -38  Á—55 —72  —89 -108 -128 -151 -178 -209 -242 
60.00 m  m3T. 354... S71 -88 -106 -126 -147 -172 -202 -235 -262 
72.00 -21  -37 . —53 .-70 4a -87 -105 -124 -145 -169 -197 -229 -—257 
120.00 —20 -36 -52 -68 -85 -102 -120 -140 -162 -188 -218 -246 
168.00 -20  —36 (.-532 -68  Á -84 -101 -118 -137 -159 -184 -212 -241 -264 
Flat —20.. =35 —51 —66  -82 -98 -114 -132 -152 -174 -199 -227 -252 
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TABLE B7.17 Calcium Silicate Insulation k Value Table 
Thermal conductivity as a function of temperature for calcium silicate (calsil) 


English units Non-SI metric units SI units 
At uniform Thermal At uniform Thermal At uniform Thermal 
temperature conductivity temperature conductivity temperature conductivity 
CF) [Btu -in/(h ft? -^F)] (C) [kcal/(h : m? -?C)] (K) [W/(m-K)] 
0.0 0.373 —17.8 0.0462 2554 0.0537 
50.0 0.388 10.0 0.0481 283.1 0.0559 
100.0 0.403 37.8 0.0499 310.9 0.0580 
150.0 0.418 65.6 0.0518 338.7 0.0602 
200.0 0.433 93.3 0.0537 366.5 0.0624 
250.0 0.449 1211 0.0557 394.3 0.0647 
300.0 0.466 148.9 0.0577 422.0 0.0671 
350.0 0.483 176.7 0.0599 449.8 0.0696 
400.0 0.501 204.4 0.0622 477.6 0.0722 
450.0 0.521 232.2 0.0646 505.4 0.0750 
500.0 0.541 260.0 0.0671 533.2 0.0780 
550.0 0.563 287.8 0.0698 560.9 0.0812 
600.0 0.587 315.6 0.0728 588.7 0.0846 
650.0 0.612 343.3 0.0759 616.5 0.0882 
700.0 0.639 371.1 0.0793 644.3 0.0921 
750.0 0.668 398.9 0.0829 672.0 0.0963 
800.0 0.700 426.7 0.0868 699.8 0.1008 
850.0 0.733 454.4 0.0909 727.6 0.1057 
900.0 0.769 482.2 0.0954 7554 0.1109 
950.0 0.808 510.0 0.1002 7832 0.1165 
1000.0 0.849 537.8 0.1053 810.9 0.1224 


The values of the thermal conductivity of the insulation shown above were determined by evaluating 
a polynomial at the insulation temperature. This polynomial, giving the thermal conductivity in Btu-in/ 
(h- ft?-°F) as a function of temperature in °F, is K(T) = 0.3728 + 2.98E-4(T) — 2.3E-8(T?) + 2.02E-10(T?). 

This curve is based on an insulation density of 16.0 lb/ft? and may be subject to decreasing reliability 
outside the temperature range from 250.0 to 1000.0°F. 
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TABLE B7.18 Super k^" FOAMGLAS® Insulation K Value Table 
Thermal conductivity as a function of temperature for Super k" FOAMGLAS6® insulation* 


English units Non-SI metric units SI units 
At uniform Thermal At uniform Thermal At uniform Thermal 
temperature conductivity temperature conductivity temperature conductivity 
CF) [Btu -in/(h - f£ -°F)] (C) [kcal/(h : m? -?C)] (K) [W/(m-K)] 
—300.0 0.109 —1844 0.0135 88.7 0.0156 
—250.0 0.126 —156.7 0.0156 116.5 0.0181 
—200.0 0.146 —128.9 0.0181 144.3 0.0210 
—150.0 0.168 —101.1 0.0208 172.0 0.0242 
—100.0 0.193 =13.3 0.0239 199.8 0.0278 
—50.0 0.219 —45.6 0.0272 221.6 0.0316 
0.0 0.247 —17.8 0.0307 2554 0.0356 
50.0 0277 10.0 0.0344 283.1 0.0399 
100.0 0.309 37.8 0.0383 310.9 0.0455 
150.0 0.342 65.6 0.0425 338.7 0.0494 
200.0 0.378 93.3 0.0469 366.5 0.0545 
250.0 0.416 1211 0.0516 394.3 0.0600 
300.0 0.457 148.9 0.0566 422.0 0.0658 
350.0 0.500 176.7 0.0621 449.8 0.0721 
400.0 0.548 204.4 0.0679 477.6 0.0789 
450.0 0.599 232.2 0.0742 505.4 0.0863 
500.0 0.654 260.0 0.0811 533.2 0.0943 
550.0 0.715 287.8 0.0887 560.9 0.1031 
600.0 0.782 315.6 0.0969 588.7 0.1127 
650.0 0.855 343.3 0.1060 616.5 0.1232 
700.0 0.935 371.1 0.1159 644.3 0.1347 
750.0 1.023 398.9 0.1268 672.0 0.1474 
800.0 1.119 426.7 0.1388 699.8 0.1613 
850.0 1.225 4544 0.1520 721.6 0.1766 
900.0 1.342 482.2 0.1664 7554 0.1934 


* Super k" FOAMGLASS insulation is a registered trademark of Pittsburgh Corning Corporation. 

The values of the thermal conductivity of the insulation shown above were determined by evaluating 
a polynomial at the insulation temperature. This polynomial, giving the thermal conductivity in Btu-in/ 
(h - ft? -?F) as a function of temperature in °F, is K(T) = 0.2472 + 5.811E-4(T) + 3.4561E-7(T?) + 3.2E- 
13(T?) + 5.3092E-13(T*) — 9.64E-17(T?). 

This curve is based on an insulation density of 7.5 Ib/f? and may be subject to decreasing reliability 
outside the temperature range from —250.0 to 800.0°F. 
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TABLE B7.19 Fiberglas Insulation K Value Table 
Thermal conductivity as a function of temperature for fiberglass 


English units Non-SI metric units SI units 
At uniform Thermal At uniform Thermal At uniform Thermal 
temperature conductivity temperature conductivity temperature conductivity 
CF) [Btu -in/(h - f£ -^F)] (C) [kcal/(h - m? -?C)] (K) [W/(m-K)] 
0.0 0.195 —17.8 0.0241 2554 0.0280 
50.0 0.216 10.0 0.0268 283.1 0.0311 
100.0 0.237 37.8 0.0294 310.9 0.0342 
150.0 0.258 65.6 0.0320 338.7 0.0372 
200.0 0.280 93.3 0.0347 366.5 0.0403 
250.0 0.301 1211 0.0373 394.3 0.0433 
300.0 0.322 148.9 0.0399 422.0 0.0464 
350.0 0.343 176.7 0.0426 449.8 0.0495 
400.0 0.364 204.4 0.0452 477.6 0.0525 
450.0 0.386 232.2 0.0478 505.4 0.0556 
500.0 0.407 260.0 0.0505 533.2 0.0587 
550.0 0.428 287.8 0.0531 560.9 0.0617 
600.0 0.449 315.6 0.0557 588.7 0.0648 
650.0 0.471 343.3 0.0584 616.5 0.0678 
700.0 0.492 371.1 0.0610 644.3 0.0709 
750.0 0.513 398.9 0.0636 672.0 0.0740 
800.0 0.534 426.7 0.0663 699.8 0.0770 
850.0 0.556 454.4 0.0689 727.6 0.0801 


The values of the thermal conductivity of the insulation shown above were determined by evaluating 
a polynomial at the insulation temperature. This polynomial, giving the thermal conductivity in Btu-in/ 
(h- ft?-°F) as a function of temperature in °F, is K(T) = 0.195 + 4.25E-4(T) + 0.0000(T7). 

This curve is based on an insulation density of 5.63 lb/ft? and may be subject to decreasing reliability 
outside the temperature range from 42.0 to 800.0°F. 
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TABLE B7.20 Mineral Wool Insulation K Value Table 
Thermal conductivity as a function of temperature for mineral wool 


English units Non-SI metric units SI units 
At uniform Thermal At uniform Thermal At uniform Thermal 
temperature conductivity temperature conductivity temperature conductivity 
CF) [Btu -in/(h - f£ -^F)] (C) [kcal/(h - m? -?C)] (K) [W/(m-K)] 
0.0 0.228 —17.8 0.0283 2554 0.0329 
50.0 0.248 10.0 0.0307 283.1 0.0357 
100.0 0271 37.8 0.0336 310.9 0.0391 
150.0 0.297 65.6 0.0368 338.7 0.0428 
200.0 0.326 93.3 0.0405 366.5 0.0470 
250.0 0.358 1211 0.0444 394.3 0.0516 
300.0 0.393 148.9 0.0488 422.0 0.0567 
350.0 0.432 176.7 0.0535 449.8 0.0622 
400.0 0.473 204.4 0.0586 477.6 0.0681 
450.0 0.517 232.2 0.0641 505.4 0.0745 
500.0 0.564 260.0 0.0699 533.2 0.0813 
550.0 0.614 287.8 0.0761 560.9 0.0885 
600.0 0.667 315.6 0.0827 588.7 0.0961 
650.0 0.723 343.3 0.0897 616.5 0.1042 
700.0 0.782 371.1 0.0970 644.3 0.1127 
750.0 0.844 398.9 0.1047 672.0 0.1217 
800.0 0.909 426.7 0.1128 699.8 0.1311 
850.0 0.978 454.4 0.1212 727.6 0.1409 
900.0 1.049 482.2 0.1300 7554 0.1511 
950.0 1.123 510.0 0.1392 7832 0.1618 
1000.0 1.200 537.8 0.1488 810.9 0.1729 
1050.0 1.280 565.6 0.1587 838.7 0.1845 
1100.0 1.363 593.3 0.1690 866.5 0.1965 
1150.0 1.499 621.1 0.1797 894.3 0.2089 
1200.0 1.538 648.9 0.1908 9222 0.2217 


The values of the thermal conductivity of the insulation shown above were determined by evaluating 
a polynomial at the insulation temperature. This polynomial, giving the thermal conductivity in Btu-in/ 
(h - ft? -?F) as a function of temperature in °F, is K(T) = 0.228 + 3.72E-4(T) + 6.0E-7(T?). 

This curve is based on an insulation density of 11.7 lb/ft? and may be subject to decreasing reliability 
outside the temperature range from 42.0 to 1100.0°F. 
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TABLE B7.21 Perlite Insulation K Value Table 
Thermal conductivity as a function of temperature for perlite 


English units Non-SI metric units SI units 
At uniform Thermal At uniform Thermal At uniform Thermal 
temperature conductivity temperature conductivity temperature conductivity 
CF) [Btu -in/(h - f£ -^F)] (C) [kcal/(h : m? -?C)] (K) [W/(m-K)] 
0.0 0.403 —17.8 0.0500 2554 0.0581 
50.0 0.434 10.0 0.0538 283.1 0.0626 
100.0 0.464 37.8 0.0575 310.9 0.0668 
150.0 0.492 65.6 0.0610 338.7 0.0709 
200.0 0.519 93.3 0.0644 366.5 0.0748 
250.0 0.546 1211 0.0677 394.3 0.0787 
300.0 0.572 148.9 0.0709 422.0 0.0824 
350.0 0.598 176.7 0.0741 449.8 0.0862 
400.0 0.624 204.4 0.0774 477.6 0.0899 
450.0 0.650 232.2 0.0806 505.4 0.0937 
500.0 0.677 260.0 0.0840 533.2 0.0976 
550.0 0.705 287.8 0.8740 560.9 0.1016 
600.0 0.734 315.6 0.0910 588.7 0.1058 
650.0 0.764 343.3 0.0948 616.5 0.1101 
700.0 0.796 371.1 0.0987 644.3 0.1148 
750.0 0.830 398.9 0.1029 672.0 0.1196 
800.0 0.866 426.7 0.1074 699.8 0.1248 
850.0 0.905 454.4 0.1122 727.6 0.1304 
900.0 0.946 482.2 0.1173 7554 0.1363 
950.0 0.990 510.0 0.1228 7832 0.1427 
1000.0 1.038 537.8 0.1287 810.9 0.1496 


The values of the thermal conductivity of the insulation shown above were determined by evaluating 
a polynomial at the insulation temperature. This polynomial, giving the thermal conductivity in Btu-in/ 
(hf? -^F) as a function of temperature in °F, is K(T) = 0.4030 + 6.38E-4(T) — 3.56E-7(T?) + 3.53E-10(T?). 

This curve is based on an insulation density of 12.0 lb/ft? and may be subject to decreasing reliability 
outside the temperature range from 250.0 to 1000.0°F. 
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TABLE B7.22 Polyurethane or Polyisocyanurate Foam Insulation K Value Table 
Thermal conductivity as a function of temperature for urethane 


English units Non-SI metric units SI units 
At uniform Thermal At uniform Thermal At uniform Thermal 
temperature conductivity temperature conductivity temperature conductivity 
CF) [Btu -in/(h - f£ -^F)] (C) [kcal/(h - m? -?C)] (K) [W/(m-K)] 
—100.0 0.179 —733 0.0222 199.8 0.0258 
—50.0 0.179 —45.6 0.0223 221.6 0.0259 
0.0 0.174 —17.8 0.0215 2554 0.0250 
50.0 0.166 10.0 0.0206 283.1 0.0239 
100.0 0.165 37.8 0.0204 310.9 0.0238 
150.0 0.180 65.6 0.0223 338.7 0.0260 
200.0 0.225 93.3 0.0279 366.5 0.0324 
250.0 0.316 1211 0.0391 394.3 0.0455 
300.0 0.470 148.9 0.0583 422.0 0.0677 
350.0 0.710 176.7 0.0880 449.8 0.1023 


The values of the thermal conductivity of the insulation shown above were determined by evaluating 
a polynomial at the insulation temperature. This polynomial, giving the thermal conductivity in Btu-in/ 
(h-ft?-°F) as a function of temperature in ^F, is K(T) = 0.1735 — 1.549E-4(T) — 3389E-7(T?) + 
8.377E-9(T?) + 1.819E-11(T"). 

This curve is based on an insulation density of 2.0 Ib/f? and may be subject to decreasing reliability 
outside the temperature range from —50.0 to 250.0°F. 


ACCESSORY MATERIALS 


The accessory materials referenced in the above paragraphs and throughout the 
chapter are a necessary part of the insulation system. There are many manufacturers 
and suppliers of these materials, and the quality can vary dramatically from one 
to another. The following are a few of the more common accessory materials used 
in industrial and commercial insulation system specifications. See also Table B7.23. 


Acrylic Latex Mastic 


Acrylic latex mastic is a heavy-bodied weather barrier coating used primarily to 
cover rigid insulations such as cellular glass and polyurethane. It is generally applied 
in two coats with a reinforcing mesh fabric for impact and tear resistance. This 
material does not provide vapor protection. 


Aluminum Banding 


Aluminum bands are used as securement for many types of insulation materials. 
The most common sizes specified are 0.5 in X 0.020 in (13 mm X 0.5 mm) aluminum 
bands with matching seals for piping vessels, or equipment with ODs of 48 in (1219 
mm) or less. For larger ODs, use 0.75 in X 0.020 in) (19 mm X 0.5 mm) aluminum 
bands. These bands are secured in place with metal band clips or seals of common 
dimensions. Aluminum bands should not be used in applications where the insula- 
tion is being installed for fire protection applications. 
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TABLE B7.23 ASTM Specification Reference 


Material ASTM Specification 
Calcium silicate C533-95 
Cellular glass C552-91 
Elastomeric foam C534-94 
Fiberglass and mineral wool C553-92, C547-95, C612-93 
Expanded perlite C610-95 
Phenolic foam C1126-96 
Polystyrene foam C578-95 
Polyurethane modified polyisocyanurate foam C591-94 
Aluminum jacketing and banding C921-96 
Stainless steel jacketing and banding C921-96 
FRP C921-96 
ASJ C921-96 
Asphalt cutback mastic C647-95 
Acrylic latex mastic C647-95 
Hypalon mastic C647-95 
6 X 6 mesh fabric NA 
10 X 10 glass scrim D1668-86 


Aluminum Jacketing 


Aluminum jacketing comes in many different sizes and finishes. In piping applica- 
tions, either smooth or slightly embossed jacketing of 0.016 in (0.4-mm) thickness 
is most common. When specifying aluminum jacketing for use with permeable and 
hygroscopic insulation materials, it is important to specify the jacketing with a 
factory-applied moisture barrier liner. 


ASJ 


ASJ jacketing stands for all-service jacket. This material is a Kraft paper/foil/scrim 
laminate material used exclusively on indoor commercial applications. ASJ jacketing 
is usually factory-applied and serves the primary function of providing protection 
to the outer insulation surface. These are classified as vapor retarders. 


Asphalt Cutback Mastic 


Asphalt cutback mastics are heavy-bodied asphalts that are cut with mineral spirits 
so they can be applied by spraying or with a trowel. When applied, the mineral 
spirits dissipate, and leave behind a hard asphaltic vapor barrier finish. It is generally 
applied in multiple coats used in conjunction with reinforcing fabric. Metal jackets 
are used to cover this finish on aboveground, outdoor applications for ultraviolet 
protection to the mastic. 


THERMAL INSULATION OF PIPING B.347 


FRP Jacketing 


FRP stands for fiber resin plastic or fiber-reinforced plastic. Either definition is 
acceptable. The material is a hard plastic membrane reinforced with glass fibers. 
FRP jacketing can be used in many of the same applications where aluminum is 
used. FRP jacketing is often the material of choice in chemical resistance areas. 
The jacketing comes in sheet or rolled form, and the laps are sealed with a resin 
sealant recommended by the manufacturer. 


Hypalon Mastics 


Hypalon is a trade name for a highly flexible and durable vapor barrier mastic 
material. There are numerous products on the market that use this material in 
their compositions to form what are referred to as elastomeric membranes. These 
elastomeric membranes are referred to as hypalons. Hypalons are usually reinforced 
with a 10 X 10 or a 10 X 20 fiberglass fabric to provide stability and tear resistance. 
Hypalon mastics should not be used in conjunction with cellular glass. 


Stainless Steel Banding 


Stainless steel bands are used to support or secure insulation materials to piping, 
tanks, or vessels. Typical sizes specified are 0.5 in X 0.015 in (13 mm X 0.38 mm) 
stainless steel bands with matching clips or seals for caustic service or where the 
insulation is being used for fire protection applications. 


Stainless Steel Jacketing 


Stainless steel jacketing is used to cover insulation materials of all types for various 
applications. Due to the cost, stainless steel is generally used where it is required 
for its chemical or fire resistance. Stainless steel usually has a smooth finish and is 
0.010 in (0.25 mm) thick. On some large diameter applications 0.015 in (0.38 mm) 
thick may be specified. 


Stainless Steel Tie Wire 


Wire may be used to secure fitings or insulation sections. Check with the insulation 
manufacturer for recommendations on its usage. Soft annealed wire is best suited 
for field conditions, so as not to work-harden in the field. Wire is typically utilized 
in 18 and 16 gage thicknesses. 


Fiberglass-Reinforced Tape 


Tape is typically 1-in (25 mm) wide, high-tensile-strength, fiber-reinforced, strapping 
tape. Tape is appropriate for providing temporary insulation securement for piping 
with insulation ODs 18 in (457 mm) or smaller as long as it is covered with metal 
jacket afterward. Tape is not acceptable as a primary means of securement if the 
insulation system is being designed to provide fire protection. 
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Mesh Fabric 


A 6 X 6 mesh refers to the number of strands of primary fiber in 1 in? of fabric 
(2.4 meshes/cm’). A 6 X 6 mesh will have six primary strands going in one direction 
and six primary strands perpendicular. In a polyester mesh fabric, the primary 
strands are woven together by a method designed to create a fabric that does not 
fray or pucker. This fabric is typically specified to accompany applications of heavy- 
bodied mastics such as acrylic latex and asphalt cutback. 


Glass Scrim 


Glass scrims come in many different configurations. The most common scrims used 
in industrial and commercial piping applications are the 10 X 10 (3.9 meshes/cm?) 
or the 10 X 20. As with the mesh fabric, the numerical designation refers to the 
number of primary strands in 1 in? of fabric. Glass scrims are best suited to light- 
bodied mastics, paints, and elastomeric membranes. 
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CHAPTER B8 
FLOW OF FLUIDS 


Tadeusz J. Swierzawski 
Consultant, Energy Systems 
Burlington, Massachusetts 


INTRODUCTION 


The primary objective of this chapter is to show the user the most important logical 
milestones and the general background of equations and formulas recommended 
for specific practical applications of fluid flow in pipes, nozzles, and orifices. For 
details, Refs. 1 through 4 or other equivalent textbooks should be consulted. 


Nomenclature 


A nomenclature section is provided to minimize repeating of variable definitions. 
Unless otherwise stated, all symbols used in this chapter are defined as described 
in the following lists. Units presented here are mostly those of practical range of 
applications. The SI units of each physical quantity under consideration appear in 
parentheses; however, in all equations presented in this chapter only the base U.S. 
customary units (English units) must be used. For details see “Survey of Dimensions 
and Units." 


Variables 

a Acceleration, ft/s? (m/s?) (m = meter, s = second) 
Cross-sectional area of pipe, flow duct, or orifice, f? (cm?) 

Ay Flow area occupied by liquid phase, ft? (cm?) 

A, Flow area occupied by gaseous phase, ft? (cm?) 

c Velocity of sound, ft/s (m/s) 

C Flow coefficient defined by Eq. (B8.45), dimensionless 

C, Allen flow constant defined by Eq. (B8.88) 

C; Coefficient of contraction, dimensionless 

Cy Discharge coefficient, dimensionless 
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Cp Specific heat at constant pressure, Btu/(lb, - ^F) (kJ/(kg: K)) (kJ = 
kilojoule, kg = kilogram, K = kelvin) 

Cy Specific heat at constant volume, Btu/(Ib,,-°F) (kJ/(kg: K)) 

C, Velocity coefficient, dimensionless 

d Nozzle or orifice diameter, in (mm) (mm = millimeter) 

d, Flow height for gaseous phase, in (mm) 

D Pipe inside diameter, ft, in (mm) 

E Energy, Btu, kWh (kJ, kWh) 

E Energy flow rate, Btu/s, kW (kJ/s, kW) 

f D'Arcy-Weisbach friction factor, dimensionless 

fr Friction factor in zone of complete turbulence (dimensionless) 

F Force, lb;, (N) (N = newton) 

F, Area factor for thermal expansion of primary elements (see Fig. 
B8.22) 

Fr Froude number, dimensionless 

Fra Approach velocity factor defined by Eq. (B8.42), dimensionless 

g Acceleration due to gravity (local), ft/s? (m/s?) 

ge 32.174 (Ib,, - ft)/(Ib;  s?), dimensional conversion factor (does not exist 
in SI units) 

gs 32.174 ft/s? (9.80665 m/s?)—standard (normal) acceleration due to 


gravity (standard acceleration of free fall) 
G = m/A Mass flux, Ib,/(f? - s) (kg/(m?-s)) 


G, Maximum (critical) mass flux, lb,,/(ft?-s) (kg/(m*-s)) 

en Superficial mass flux of liquid phase, Ib,/(ft? - s) (kg/(m? - s)) 

Gy Superficial mass flux of gaseous phase, Ib,,/(ft?-s) (kg/(m?- s)) 

h Specific enthalpy (static), Btu/lb,, (kJ/kg) 

hy Specific enthalpy of liquid phase, Btu/Ib,, (kJ/kg) 

h, Specific enthalpy of gaseous phase, Btu/lbm (kJ/kg) 

hy, Latent heat of vaporization (h,—h,), Btu/Ib,, (kJ/kg) 

hy Stagnation enthalpy, Btu/Ib,, (kJ/kg) 

H Enthalpy, Btu (kJ) 

H, Loss of static pressure head, ft (m) 

y= Gs v, Superficial velocity (volumetric flux) of liquid phase, ft/s (m/s) 
i= Ges Vg Superficial velocity (volumetric flux) of gaseous phase, ft/s (m/s) 
J 778.169 ft - Ib/Btu; mechanical equivalent of heat, dimensional con- 


version factor (does not exist in SI units) 
C,/C,—isentropic exponent, dimensionless 

Flow resistance coefficient (K-factor), dimensionless 
Length, ft (m) 

Mass, Ib, (kg) 

Mass flow rate, lb,,/s (kg/s) 


S3 CN 


SECS 


NO k 
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w/c—Mach number, dimensionless 


Absolute pressure, Ib;/ft?, Ib;/in? = psia (N/m? = Pa, kPa, bar; 
Pa — pascal, 1 bar = 10° Pa = 100 kPa) 


P — Pab, gauge pressure (Pam is the ambient pressure expressed in 
the same units as p) 


Stagnation pressure, Ib;/ft’, Ib;/in? (N/m’, kPa, bar) 
Power, kW (kW) 

Heat per unit mass, Btu/Ib,, (kJ/kg) 

Heat, Btu (kJ) 

Heat flow rate, Btu/s (kJ/s) 

Hydraulic radius, ft (mm) 


Gas constant, (ft - Ib;)/(Ib, - ^R) ((N : m)/(kg- K)) where 
1N-m=1)) 


Reynolds number, dimensionless 

Specific entropy, Btu/(Ib,,-°R) (kJ/(kg - K)) 
Specific entropy of liquid phase, Btu/(Ib,, - ^R) (kJ/(kg: K)) 
Specific entropy of gaseous phase, Btu/(Ib, - ^R) (kJ/(kg- K)) 
sS, — Sp Btu/(Ib,, - ^R) (kJ/(kg: K)) 

Stagnation entropy, Btu/(Ib, - ^R) (kJ/(kg: K)) 
Entropy, Btu/°R (kJ/K) 

Slip ratio, dimensionless 

Time, s, h (s, h) 

°F (tc = Celsius temperature, °C) 
Thermodynamic temperature, °R (K) 

Stagnation temperature, °R (K) 

Specific internal energy, Btu/lb,, (kJ/kg) 

Internal energy, Btu (kJ) 

Specific volume, ft*/Ib,,; (m*/kg) 

Specific volume of saturated liquid, ft/Ib,, (m*/kg) 
Specific volume of saturated steam, ft/Ib,, (m?/kg) 
VQ — Vp ft?/lbm (m?/kg) 

Volume, f? (n, 1 = liter) 

Volumetric flow rate, ft?/h (m?/h, l/s) 

Velocity, ft/s (m/s) 

Work, ft - Ib; (kJ) 

Technical work rate (power), ft-Ib;/s, kW (kW) 
Mass quality of steam, dimensionless 

Distance to fixed surface, ft (m) 

Elevation, ft (m) 
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Greek Symbols 


a Void fraction, dimensionless 
Qs Quantity defined by Eq. (B8.61) 

p d/D, dimensionless diameter ratio 

B, Critical pressure ratio, dimensionless 

y Specific weight, Ib/ft; (N/m?) 

€ Absolute roughness, ft (the same unit as the pipe diameter D); (mm) 
m Dynamic (absolute) viscosity, (Ib; - s)/ft? ((N-s)/n?) 


m Dynamic viscosity of liquid phase, (Ib; s)/f? ((N -s)/n?) 
lg Dynamic viscosity of gaseous phase, (Ib;- s)/f ((N-s)/m?) 
v Kinematic viscosity, ft?/s (m?/s) 
Vi Kinematic viscosity of liquid phase, ft’/s (m?/s) 
Ve Kinematic viscosity of gaseous phase, ft?/s (m/s) 
Pi, approximately 3.14159, dimensionless 
p Density, lb,/ft*; (kg/n?) 
pr Density of gaseous phase, lb,,/ft* (kg/m?) 
Pe Density of liquid phase, Ib,,/ft* (kg/m?) 
T Shearing stress, lb,/ft? (N/m?) 
T Thrust, Ib; (N) 
Vio Two-phase pressure drop multiplier, dimensionless 
v. Quantity defined by Eq. (B8.52) 
Subscripts 
fl Liquid or water phase, saturated liquid 
g Steam phase, saturated steam 


Basic Fluid Properties 


A fluid is a substance which can flow and which deforms continuously under the 
action of shearing forces. Fluids offer no resistance to distortion of form; they 
yield continuously to tangential forces, no matter how small. Ordinarily, fluids are 
classified as being liquids or gases. Some classifications also include the vapor form 
within the group of fluids. 

Liquids change volume and density very slightly with considerable variation in 
pressure, and when the pressure is removed, they do not dilate significantly. They 
are practically incompressible. 

A gas is a fluid which tends to expand to fill completely any vessel in which it 
is contained. It is easily compressed, and a change in pressure is accompanied by 
a considerable change in its volume and density. 

A perfect (or ideal) gas satisfies two conditions: (1) it obeys the Clapeyron 
equation pV — mRT at all pressures, and (2) its specific heats are constant regardless 
of pressures and temperatures. In (1) above, p, V, and T are pressure, volume, and 
absolute temperature, respectively, and m and R represent the mass of gas and the 
gas constant, all in proper units. From (2) it follows also that the specific-heat ratio, 
k = c,/c,, is also constant. 
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The behavior of real gases is more complex. Real gases at low pressure tend to 
obey perfect gas law. As the pressure increases, however, the discrepancy increases 
and becomes serious near the critical point. If higher degrees of accuracy are 
required, textbooks in thermodynamics list corrections (as, for example, van der 
Waals' equation) which take into account deviations from ideal conformance. For 
practical purposes, gas and steam properties are published in the form of tables, 
charts, and appropriate computer programs. For example, the ASME (American 
Society of Mechanical Engineers) steam tables’ are accompanied by computer 
diskettes that contain a steam properties calculation program. This FORTRAN 
source code may be copied, compiled, and utilized in compiled code of other 
programs. 


Survey of Dimensions and Units 


Dimensions, although discussed in other sections of this handbook, are briefly 
reviewed here to recall some fundamentals. The proper use of units and dimensions 
will save time and avoid errors. It is a good practice to include the units of all 
physical quantities, as well as their magnitudes, in performed calculations. 

A dimension is a general expression for a particular kind of physical quantity 
(e.g., length, mass, time). A unit is a reference standard used to measure a physical 
quantity (e.g., one meter, one inch, and one foot are alternative units of the dimen- 
sion length). 

Four fundamental dimensions are required for analyses of thermodynamic or/ 
and fluid flow systems. Length, mass, time, and temperature are usually chosen. 


U.S. Customary Units. The U.S. Customary Units (English system of dimensions 
and units) belong to the group of engineering systems where force instead of mass 
is a base dimension and the mass unit is derived from Newton’s relationship that 
force equals mass times acceleration: 


F — ma (B8.1) 


Then, the derived unit of mass in this system is (Ib; s?)/ft = 1 slug. A slug is the 
mass that can be accelerated at the rate of 1 ft/s? by a force of 1 standard pound- 
force. By definition, 1 standard pound- 
force will also accelerate 1 pound-mass 
at the rate of 32.174 ft/s?. It follows that 
the slug is the mass of size 32.174 times 
that of the pound-mass (Fig. B8.1), and 
ge = 32.174 lb, /slug = 32.174 (lb,, - ft)/ r 
(Ib;-s?) is the dimensional conversion 
factor between the two systems of di- 
mensions (based on mass versus that 
based on force). The density pis the mass 1 slug 
per unit volume of the fluid and is not 
to be confused with specific weight y, 


the weight per unit volume. The interre- 1 1b, 
lation of density and specific weight is L 

y = pg/g. In thermodynamic calcula- 

tions, this system is still using the unit 1 slug = 32.174 lh, 


of mass Ib, (for example, Q = mc AT). FIGURE B8.1 Slug versus pound mass. 
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TABLE B8.1 Conversion Factors for Pressure 
To obtain —————> atm bar Ibf in. Hg 
Multiply, by in? (0°C) 
a T ; 1.013 25 1013250 x 2.54 1 013 250/980.665 
nid 980.665 X 453.592 37 13.595 088 9 X 2.54 
= 14.695 948 8 — 29.92] 280 0 
bar 1.0 1 2.54? x 106 10°/980.665 
1.013 25 980.665 X 453.592 37 13.595 088 9 x 2.54 
— 0.986 923 267 — 14.503 773 8 — 29.530 007 4 
Ibf 980.665 X 453.592 37 980.665 X 453.592 37 
E 1 453.592 37/2.54° 
2 2 2 6 
in. 1013250 x 2.54 2.54? x 10 7135950889 
— 0.068 045 963 9 — 0.068 947 572 9 — 2.036 022 34 
in. Hg 13.595 088 9 X 2.54 13.595 088 9 X 2.54 13.595 088 9 x 2.545 1 
(0 C) 1 013 250/980.665 105/980.665 453.592 37 
— 0.033 421 030 1 — 0.033 863 858 8 = 0.491 153 746 
ft H,O 0.998 278 282 x 30.48 0.998 278 282 X 30.48 0.998 278 282 X 12 0.998 278 282 X 12 
(20 C) 1 013 250/980.665 10°/980.665 453.592 37/2.54° 13.595 088 9 
= 0.029 449 006 6 = 0.029 839 205 9 = 0.432 781 092 = 0.881 151 971 
mm Hg 13.595 088 9 13.595 088 9 13.595 088 9 x 2.54? 10 
(0 C) 10 132 500/980.665 107/980.665 453.592 37 X 10 254 
— 0.001 315 788 59 — 0.001 333 222 79 — 0.019 336 761 7 — 0.039 370 078 7 
kp 980.665 2.54 x 10° 10° 
cm? 1013.25 Nano oos 453.592 37 13.595 088 9 X 2.54 
— 0.967 841 105 = 14.223 343 3 — 28.959 044 7 
2 4 4 
kPa 1.0 0.01 2.54 X 10 10*/980.665 
101.325 980.665 X 453.592 37 13.595 0889 x 2.54 


Source: 


— 0.009 869 232 67 


Ref. 5. 


— 0.145 037 738 


— 0.295 300 074 
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ft H,O mm Hg kp 
(20°C) (0°C) m Ee 
1013 250/980.665 10 132 500/980.665 1.01325 Ups 
0.998 278 282 X 30.48 13.595 088 9 0.980 665 f 
=33.957 002 9 = 760.000 512 = 1.033 227 45 
10°/980.665 107/980.665 103 io 
0.998 278 282 X 3048 | 13.595 0889 980.665 
= 33.512 956 2 = 750.062 188 = 1.019 716 21 
453.592 37/2.54^ 453.592 37 X 10 453.592 37 980.665 x 453.592 37 
0.998 278 282 x 12 13.550889 X 254 | ZS£ x10 2.54 X 10! 
= 2.310 636 99 = 51.714 967 4 = 0.070 306 958 0 = 6.894 757 29 
13.595 088 9 ba 13.595 088 9 x 2.54 13.595 088 9 x 2.54 
0.998 278 282 X 12 i 10° 10°/980.665 
= 1.134 878 01 = 0.034 531 525 8 = 3.386 385 88 
i 9,982 782 82 x 30.48 | 0.998 278 282 x 3048 | 0.998 278 282 x 30.48 
13.595 088 9 TO 10°/980.665 
= 22.381 260 1 = 0.030 427 522 0 = 2.983 920 59 
13.595 088 9 ; 13.595 088 9 
9.982 782 82 x 30.48 13.595 088 9 x 10-4 10°/980.665 
= 0.044 680 236 8 = 0.001 359 508 89 = 0.133 322 279 
10° 10! i 9.806 65 
0.998 278 282 X 3048 | 13.595 0889 1071 
= 32.864 983 2 = 735.559 736 = 98.066 5 
105/980.665 105/980.665 1071 / 
0.998 278 282 X 3048 | 13.595 0889 9.806 65 
= 0.335 129 562 = 7.500 621 88 = 0.010 197 162 


8s£'8 


TABLE B8.2 Conversion Factors for Specific Volume 


To obtain —_| 
Multiply, by _| 
| 


liter 
kg 


m? 


kg 


Y 
de 
Ibm 


1728 
231 


= 7.480 519 48 


30.48 
453.592 37 


= 62.427 960 6 


30.48 x 10% 
0.453 592 37 


— 0.062 427 960 6 


1.0 
1728 


— 0.000 578 703 704 


231 
— 0.004 329 004 33 


2.545 
453.592 37 


— 0.036 127 292 0 


2.543 x 1075 
0.453 592 37 


= 0.000 036 127 292 


231 
1728 


= 0.133 680 556 


231 X 2.545 
453.592 37 


— 8.345 404 45 


231 X 2.5 x 10° 
0.453 592 37 


— 0.008 345 404 45 


453.592 37 
30.48 


— 0.016 018 463 4 


453.592 37 
2.543 


= 27.679 904 7 


453.592 37 
231 X 2.545 


= 0.119 826 427 


0.001 


Source: Ref. 5. 


0.453 592 37 
30.48 x 1075 


— 16.018 463 4 


0.453 592 37 
2.545 x 1075 


— 27 679.904 7 


0.453 592 37 
231 X 2.54 X 105 


— 119.826 427 
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Also, the interconversion between heat expressed by British thermal units, and 
work, expressed by ft-Ib; is required in this dimensional system (J = 778.169 
ft - Ib/Btu). 


International System. The International System "SI" (Systeme international 
d'unites) of units is founded on four base units: meter (m) of length, kilogram (kg) 
of mass, second of time, and kelvin (K) of thermodynamic temperature. It must 
be explained that the Celsius temperature scale is the commonly used scale for 
temperature measurements in metric systems. The Celsius scale is not in itself part 
of the SI, but a difference of one degree on that scale equals one kelvin. Zero on 
the thermodynamic scale is fixed by convention to be 273.15 kelvin (K) below zero 
degrees Celsius. 

When two or more units expressed in base SI units are multiplied or divided as 
required to obtain derived quantities, the result is a unit value. No numerical constant 
(dimensional conversion factor) is introduced. Such units are called coherent. SI is 
a coherent system of units. For some derived SI units, special names and symbols 
exist; for example, force expressed by 1 kg- m/s? has a derived name newton (N), 
pressure expressed by 1 N/m? has a derived name pascal (Pa), energy expressed 
by 1 N-m has a derived name joule (J), power expressed by 1 J/s has a derived 
name watt (W), and so forth. There are certain units outside the SI which are 
recognized as having to be retained because of their practical importance. As is 
general practice in the power industry worldwide, 1 bar = 10° Pa = 100 kPa (pressure 
expressed in bars is close to that expressed in atmospheres) has been used as the 
unit for absolute pressure. The symbol p, is recommended for gauge pressure, 
defined as p, = P— Pam», where Pamp is the ambient pressure. Other recognized units 
outside the SI are: 1 minute (min) = 60 s, 1 hour (h) = 60 min, 1 day (d) = 24 h, 
1 litre (1) = 1 dm’, 1 tonne (t) = 10? kg. 

In order to avoid large or small numerical values, decimal multiples of the SI 
units are added to the coherent system within the framework of the SI. They are 
formed by means of the following SI prefixes. Some of them are: G (giga) = 10°, 
M (mega) = 10°, k (kilo) = 10°, h (hecto) = 10?, d (deci) = 10^, c (centi) = 107, 
m (milli) = 10^, u (micro) = 1075. Therefore, for example, the compound prefix 
for 1 mm?/s = (10? m)?/s is equal to 10 m?/s. The choice of the appropriate 
multiple of an SI unit is governed by convenience. The multiple chosen for a 
particular application is the one which will lead to numerical values within a practical 
range. For certain quantities in particular applications, the same multiple is custom- 
arily used; for example, the millimeter is used for dimensions in most mechanical 
engineering drawings. 

Because of the increasing international commitment of U.S. engineering, indus- 
try, and commerce, the need for an accelerated growth in acceptance of the capability 
of SI units by the engineering profession is recognized. However, for this edition 
of the Piping Handbook, the English units of the engineering system of dimensions 
and units have been recommended. As a result of this recommendation, all equations 
in this chapter are written in such a way that the dimensional conversion factors 
(g.. J) must be used. In parentheses, after all, the corresponding SI units and 
calculated values are presented. For those who must deliver calculation results in 
other units, useful conversion factors are given in Tables B8.1 through B8.6. 
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TABLE B8.3 Conversion Factors for Specific Enthalpy and Specific Entropy 


To obtain —34 


Source: Ref. 5. 


bind ft X Ibf hp X hr 
Multiply, by «| Ibm Ibm Ibm 
Vv 
Btu 1 2.326 x 107 2.326 
Ibm 980.665 x 30.48 980.665 x 30.48 x 0.198 
= 778.169 262 = 3.930 147 79 x 104 
ft X lbf 980.665 x 30.48 1 1.0 
Ibm 2.326 x 107 1 980 000 
— 0.001 285 067 46 = 5.050 505 05 x 1077 
hp X hr 980.665 x 30.48 x 0.198 
Ibm 2306 1 980 000 1 
= 2 544.433 58 
Ibf/in? 980.665 x 30.48 x 144 144 144 
Ibm/ft? 2.326 x 107 1 980 000 
— 0.185 049 715 = 7.272 727 27 X 105 
kp Xm 9.806 65 10° 1.0 
g 2.326 30.48 30.48 X 19.8 
= 4.216 100 60 = 3 280.839 90 = 0.001 656 989 85 
kcal 4 186.8 4186.8 x 10 4186.8 x 10 
g 2.326 980.665 x 30.48 980.665 x 30.48 x 198 
= 1800 = 1 400 704.67 = 0.707 426 602 
kJ 1.0 10 10 
kg 2.326 980.665 x 30.48 980.665 x 30.48 x 198 
— 0.429 922 614 = 334.552 563 = 1.689 659 41 x 10% 
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Ibt/in.? kp x m kcal kJ 
Ibm/ft? g g kg 
2.326 x 10 2.326 2.326 mo 
980.665 X 30.48 X 144 9.806 65 4186.8 ] 
=5.403 953 21 = 0.237 185 991 = 5.555 555 6 x 10-4 
1.0 E 980.665 x 30.48 d 
ud 3048 x 10 Tee SSG 980.665 x 3048 x 10 
— 0.069 444 444 4 = 0.000 304 8 = 7.139 263 69 x 107 = 0.002 989 066 920 
1.980.000 980.665 x 30.48 980.665 x 30.48 x 198 
144 Seana 4 186.8/0.198 1000 
- 13 750 — 603.504 = 1413 574 21 = 5 918.352 50 
980.665 x 30.48 x 144 980.665 x 30.48 x 144 
48 X x 10° ——ÀÁÁSOTNO— FF? 
1 3048 x 144 x 10 SCRI T 
= 0.043 891 2 = 1.028 053 97 x 10* — 0430 425 636 
10° 9.806 65 
30.48 x 144 1 11868 9.806 65 
= 22.783 610 4 = 0.002 342 278 11 
4186.8 x 10? 4186.8 
980.665 X 30.48 x 144 9.806 65 i oor 
= 9 727415 78 = 426.934 784 
107 10 10 i 
980.665 X 30.48 x 144 9.806 65 4186.8 
= 2.323 281 69 = 0.101 971 621 = 2.388 458 97 x 10-* 
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TABLE B8.4 Conversion Factors for Specific Entropy, Specific Heat, and Gas Constant 


Source: Ref. 5. 


To obtain —~———> Btu ft X Ibf kw X hr 
Multiply, by ~] Ibm X R Ibm XR Ibm XR 
Y 
Btu 1 2.326 x 107 2.326 X 453.592 37 
lbm XR 980.665 X 30.48 3 600 000 
= 778.169 262 = 0.000 293 071 070 
ft X Ibf 980.665 X 30.48 1 453.592 37 x 30.48 
lbm XR 2.326 x 107 3.6 x 105/980.665 
— 0.001 285 067 46 = 3.766 160 97 x 1077 
kw X hr 3 600 000 3.6 X 105/980.665 1 
lbm XR 2.326 X 453.592 37 453.592 37 X 30.48 
= 3 412.141 63 = 2 655 223.73 
bar X cm? 1.0 10* 453.592 37 
gxK 41.868 30.48 X 980.665 x 9/5 3.6 x 107 x 9/5 
— 0.023 884 589 7 = 18.586 253 5 = 6.999 882 25 x 105 
kcal 1000 2326 x 107 2 326 X 453.592 37 
gxK 980.665 x 30.48 3 600 000 
= 778 169.262 = 0.293 071 070 
kp Xm 9.806 65 105 980.665 X 453.592 37 
gxK 4.186 8 30.48 x 9/5 3.6 X 105 x 9/5 
= 2.342 278 11 = 1 822.688 83 — 0.000 686 453 953 
kJ 1.0 10’ x 5/9 453.592 37 
kgxK 4.186 8 980.665 X 30.48 3.6 x 10° x 9/5 
— 0.238 845 897 — 185.862 535 = 6.999 882 25 x 10? 
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bar X em? kcal kp Xm kJ 
gxK gxK gxK kg xK 
4.186 8 
41.868 0.001 9.806 65 4.186 8 
— 0.426 934 784 
30.48 X 980.665 x 9/5 980.665 x 30.48 S 980.665 X 30.48 X 107 
x JEU! 30.48 X 105 x 9/5 0 
= 0.053 803 204 6 = 1.285 067 46 x 10°° = 0.000 548 64 = 0.005 380 320 46 
3.6 x 107 x 9/5 3 600 000 3.6 x 105 x 9/5 3.6 x 10° x 9/5 
453.592 37 2 326 x 453.592 37 980.665 x 453.592 37 453.592 37 
= 142 859.546 = 3.412 141 63 = 1.456 761 95 = 14 285.954 6 
1.0 1.0 
1 41 868 98.066 5 on 
= 2.388 458 97 x 10° = 0.010 197 1621 
4 186.8 
41 868 1 9.80665 4 186.8 
= 426.934 784 
9.806 65 
98.066 5 11868 1 9.806 65 
— 0.002 342 278 11 
1.0 1.0 
19 4186.8 9.806 65 1 
= 0.000 238 845 897 = 0.101 971 621 


vota 


TABLE B8.5 Conversion Factors for (Dynamic) Viscosity 


To obtain 4 
Multiply, by 
| 


Ibf X sec 
ft? 


Ibm 
ft X sec 


Ibm 
hr X ft 


—s . 
cm X sec 


(poise) 


Y 
Pa Xs 


(0.3048? 


0.3048 


9.80665 X 0.453 59237 
— 0.020 885 4342 


0.453 592 37 
— 0.671 968 975 


0.3048 x 3600 
0.453 592 37 


— 2419.088 31 


10 


Ibf sec 


9.806 65 x 0.453 592 37 


ft? 


(0.3048)? 
— 47.880 259 0 


980.665 
30.48 


— 32.174 048 6 


980.665 x 3 600 


980.665 X 453.592 37 


980.665 x 453.592 37 


30.48 
— 115 826.575 


30.48? 
— 478.802 590 


10 x 30.48 
— 47.880 259 0 


]bm 


0.453 592 37 


ft X sec 


0.3048 
— 1.488 163 94 


30.48 
980.665 


— 0.031 080 950 2 


3 600 


453.592 37 
30.48 


— 14.881 639 4 


453.592 37 
304.8 


= 1.488 163 94 


0.453 592 37 


0.3048 x 3600 
= 0.413 378 873 x 10? 


30.48 
980.665 x 3 600 


= 8.633 597 27 x 10° 


1.0 
3 600 
= 0.000 277 777 778 


453.592 37 
30.48 x 3 600 


= 0.004 133 788 73 


453.592 37 
304.8 x 3 600 


= 0.000 413 378 873 


cm X sec 
(poise) 


0.1 


30.48? 
980.665 X 453.592 37 


— 0.002 088 543 42 


30.48 
453.592 37 


— 0.067 196 897 5 


3 600 x 30.48 
453.592 37 


— 241.908 831 


0.1 


kg 


* SI Units for ASME use. 


Source: 


Ref. 5. 


10 x 30.48? 


304.8 


980.665 x 453.592 37 
— 0.020 885 434 2 


453.592 37 
— 0.671 968 975 


10 x 3600 x 30.48 
453.592 37 


— 2 419.088 31 


TABLE B8.6 Conversion Factors for Kinematic Viscosity 


cm? 


To obtain — sec cm? 


Multiply, by (stoke) hr 


m * 1.0 
(0.3048): 
— 10.763 9104 = 10 000 = 36 x 10° 


(100)? (100)? x 3600 


(0.3048)? (30.48)? (30.48)? x 3 600 (0.304 8Y x 3 600 
= 0.092 903 04 — 929.030 4 = 3344 509.440 000 | = 334.450 944 000 


1.0 1.0 3 600 
(100): (30.48): 2:000 (100)? 


= 10° = 0.001 076 391 04 = 0.36 


1.0 1.0 1.0 1.0 
(100)? x 3600 (30.48)? x 3600 3 600 (100): 


= 27.777 777 8 x 10? = 0.2 989 975 12 x 10^ = 0.000 277 777 778 = 0.000 1 


1.0 1.0 (100) 
3600 (0.3048)? x 3 600 3 600 


= 277.777 778 x 10° = 2.989 975 12 x 10? = 2.777 717 78 = 10 000 


(100)? 


* SI Units for ASME use. 
Source: Ref. 5. 
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THEORETICAL BACKGROUND 


Some basic fluid properties used in this chapter are discussed in the following 
paragraphs; for more detailed information see Refs. 1 and 2 listed at the end of 
this chapter. 


Viscosity 


It is an experimental fact that a fluid in immediate contact with a solid boundary 
has the same velocity as the boundary itself. For the case of Fig. B82, in which a 
fluid separates closely spaced parallel plates, the force F applied to the upper, 
moving plate, is directly proportional to the surface area A of the upper plate and 
its velocity w, and is inversely proportional to the distance y between the plates. 
The last statement is expressed in the form of Newton's law of viscosity: 


A 
page (B8.2) 
y 


in which pw is the proportionality factor and is called the dynamic (or absolute) 
viscosity of the fluid. Poise (P) and stokes (St) are special names for CGS units. 
They and their multiples should not be used together with SI units. Conversion 
factors for dynamic viscosity, from other units, are presented in Table B8.5. 

Water at 68°F (20°C) has a dynamic viscosity of 1.002 centipoise (0.001 N : s/n? 
or Pa: s). The viscosity of liquids decreases with increasing temperature, but the 
viscosity of a gas increases with increasing temperature. 

Because the shear stress is 7 — F/A, Equation (B8.2) could be written as 7 — 
u wl y or in differential form as 7 = u dw/dy. The ratio dw/dy is called the rate of 
angular deformation of the fluid for one-dimensional flow. Viscosity is that property 


Eus 


Moving Plate 


Distance 


Fixed Plate 


—— 


Velocity 
FIGURE B8.2 Established steady state velocity profile in the fluid. 
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of a fluid by virtue of which it offers resistance to shear. In Newtonian fluids, 
there is a linear relation between the applied shear stress and the resulting rate of 
deformation [u = constant in Eq. (B8.2)]. In non-Newtonian fluids, this relationship 
is not linear. Gases and thin liquids tend to be Newtonian fluids, while thick hydro- 
carbons may be non-Newtonian. 

The kinematic viscosity v, which is the ratio of dynamic viscosity to mass density 
p, is: 


v= Égo (B8.3) 
p 


Conversion factors for kinematic viscosity are presented in Table B8.6. 


Pressure Variation in a Static Fluid 


The static pressure existing at a point 
within a fluid body is known also as the 
hydrostatic pressure. In the case of gas- 
eous fluids, the density of the fluid col- 
umn is relatively small unless great verti- 
cal heights are involved. In such cases 
the average density of fluid should be 
used for the static pressure calculation. 
With denser fluids such as liquids, the 
increase in pressure due to depth within 
the liquid can be of great significance. 
When applied to the two-fluid mixture 
in a container filled with a gas at the 
pressure pı, as shown in Fig. B8.3, the FIGURE B8.3 Hydrostatic pressure in two- 
expression for static pressure at a hori- fluid system. 

zontal plane located at distance z below 

the free surface is: 


p=pit GL + paz2) (B8.4) 


E 


Standard atmospheric pressure is defined as that pressure produced by a column of 
mercury of 760 mm length at a mercury density of 13.5950889 g/cm? at 32°F (0°C) 
and at an acceleration due to gravity of g, = 32.174 ft/s’ (9.80665 m/s”). On this 
basis, then: 


1 standard atmosphere = 14.6959488 psia (1.01325 bar) 


For many engineering calculations, it is sufficiently accurate to use 14.7 psia as 
being equivalent to 1 standard atmosphere. 


Continuity 


Applying the law of conservation of mass to a flow process yields a mass balance, 
or continuity equation. The mass balance in physical processes is that the mass of 
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FIGURE B8.4 Energy balance in an open system. 
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substance added to the system is equal to the mass subtracted from the system, 
plus accumulation of any mass in the system. 


Conservation of Energy 


The first law of thermodynamics can be formulated as the principle of conservation 
of energy”: 


Ein = AE; t Eon (B8.5) 
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where En represents all types of energy added to the system within a defined control 
boundary during a specified time interval, AE, is the change in the total energy of 
the system, and Eu represents all kinds of energy substracted from the system in 
the same time interval. In the steady-flow system AF, = 0, and 


Ein Bou (B8.6) 


With fluid flow through the system, as shown in Fig. B8.4, the energy entering (or 
leaving) this system by a duct (or a pipeline) will consist of potential (external), 
kinetic, and internal energy of the fluid, and also the external pumping work, the 
energy transmitted by a pump to force the fluid to flow continuously across the 
boundary of the system. Then the total rate of steady-flow energy transported in 
a duct (or a pipe) is: 


. EU w? g 
Ea = m|— {| py+——+—z)+u (B8.7) 
J 28c E 


where J = 778.169 (ft - Ib)/Btu (dimensional conversion factor). 
The sum of the specific internal energy u and the external pumping work (p v)/J 


pv 
hut (B8.8) 


is called the specific enthalpy. Since, u, p, and v are all properties, then also /; must 
be a state function or a property. The sum defined by 7: 


2 


2g.J 


(B8.9) 


is called the stagnation enthalpy. 
Then, for a steady state flow system presented in Fig. B8.4, with a mass flow 
rate of m = m, = r, by using Eqs. (B8.6), (B8.7), and (B8.8) the following is found: 


ww, g 
2Jg. J gc 


QM. 
0-7 [ds - ho (22 — 21) (B8.10) 


In a differential form, per unit mass, this equation may be modified by introducing 
an internal friction term (viscous friction and other irreversible phenomena distin- 
guishing a real fluid from an ideal one) to yield the following equation, which is 
known from literature as the mechanical energy balance: 


w? g ; j 
d| — | + —dz + vdp = —d'w, — d'w, (B8.11) 
28c Sc i 


where d'w, = specific “technical work” transmitted across the boundary of the 
system, 
d'w; = specific work done against fluid friction. 
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STEADY SINGLE-PHASE INCOMPRESSIBLE FLOW 
IN PIPING 


Characteristics of Incompressible Flow 


Although there is no such thing in reality as an incompressible fluid, this term is 
applied to liquids. Yet sound waves, which are really pressure waves, travel through 
liquids. This is an evidence of the elasticity of liquids. In problems involving water 
hammer, it is necessary to consider the compressibility of the liquid. The compress- 
ibility of a liquid is expressed by its bulk modulus of elasticity which influences the 
wave speed in the liquid. 

It should be explained here that when density changes of compressible fluids 
(gases or steam) are gradual and do not change by more than about 10 percent, 
the flow may be treated as incompressible with the use of an average density. 

Bernoulli’s equation is a special case of Eq. (B8.11) applied to nonviscous, 
incompressible fluids (ideal fluid) which do not exchange shaft work with sur- 
roundings: 


l 
v = — = const, d'w, — 0, and d'w, 20 


In real flow systems, however, the Bernoulli equation must be suplemented by a 
frictional head loss H; (expressed in feet of a column of the fluid) and by a pump- 
head term H, (total dynamic head, TDH, expressed in feet of a column of fluid). 
Then, for real systems the following is found: 


w? w3 
S.P ang. P ath (B8.12) 
29 y 28 y 
The frictional head loss is given by the following D'Arcy-Weisbach equation: 
A w^ L 
Hes Eo wpe (B8.13) 
y 2g D 
and the corresponding pressure drop (expressed in Ibj/ft?) is: 
=f La (B8.14) 
P= ^28. D . 


where f is the D'Arcy-Weisbach friction factor, which is four times the Fanning 
friction factor used in some publications. 
For laminar flow: 


zd B8.15 
f== (B8.15) 


which plots as a straight line with a slope (—1) on the Moody diagram (Fig. B8.5). 
It applies to all roughnesses, as the head loss in laminar flow is independent of wall 
roughness. The Reynolds number is: 


Re = — (B8.16) 
v 


yea 


Values of (w D) for water at 60 °F (w in ft/s, D in inches) 
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FIGURE B8.5 Moody diagram. (From Ref. 1.) 
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Expressions for calculating the loss of pressure in turbulent flow are based upon 
experimental data. An empirical transition function for commercial pipes for the 
region between smooth pipes and the complete turbulence zone (see the Moody 
diagram) has been developed by Colebrook: 


E N 20d B8.17 
V RR (52. 0) BS) 


where the absolute roughness e, expressed in feet (millimeters), is used as a measure 
of pipe wall irregularities of commercial pipes. Formula (B8.17) is the basis for the 
Moody diagram in the “transition zone" flow. The Moody diagram is widely ac- 
cepted for hand calculations. For computerized calculations of the pressure drop, 
however, the Colebrook equation is built into the software. 

Pressure losses which occur in piping systems due to bends, elbows, joints, valves, 
and so forth are called form losses. Recommended values of local flow resistance 
coefficients (K-factors) may be found in Refs. 7 and 8. Form losses may also be 
expressed in terms of the equivalent length L, of pipe that has the same pressure- 
head loss for the same flow rate; thus 


L 2 2 
pre erus (B8.18) 
D 2g 2g 
After solving for L,: 
KD 
LSS (B8.19) 
f 


Applications: Water Systems 


General Design Considerations. Water system design requirements and design 
parameters are developed in the system descriptions which include piping and 
instrumentation diagrams (P&IDs), descriptions of the system individual compo- 
nents (pumps, valves, heat exchangers, etc.), design flow rates, valve alignments, 
control valve operation, and pipe sizes. Pipe sizes are determined by evaluation of 
water velocities in the system. Selection of velocities must consider many factors in- 
cluding: 


* Pipe material 

* Water quality 

* System flow balance requirements 

* Economic evaluation of pipe cost versus pumping costs 
* Available pump head 

* Water hammer prevention 


Typical water flow velocities in ft/s (m/s) for various applications based on 
general industry practices are shown in Table B8.7. 

A steady-state analysis of a water system is generally performed twice. The 
first calculation is needed to obtain data required for the purchase of the system 
components. This initial analysis is performed after the system description and 
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TABLE B8.7 Typical Water Flow Velocities 


Condenser pump suction 3 ft/s (1 m/s) 

Condenser pump discharge 10 ft/s (3 m/s) 
Booster pump discharge 10 ft/s (3 m/s) 
Feed pump suction (no deaerator) 10 ft/s (3 m/s) 


(For systems with deaerators, the downcomer sizes should be 
optimized with a pump NPSH decay in mind—see section 
“Transient Flow Analysis") 


Feed pump discharge 20-25 ft/s (6—7.5 m/s) 
Circulating water system <9 ft/s (3 m/s) 
General service 5-10 ft/s (1.5-3 m/s) 


Source: Stone & Webster 


general arrangement drawings have been issued. The initial analysis proceeds as 


follows: 

1. Issue the system description and general arrangement drawings. 

2. Develop a preliminary piping layout based on P&IDs and general arrange- 
ment drawings. 

3. Determine the system operating mode or modes (valve lineup, number of pumps, 
etc.) which are critical for equipment purchase. 

4. Calculate the pressure drop in the piping for design flow rates. 

5. Develop a system resistance curve. 

6. Calculate the flow balance in branching systems. 

7. Revise the system description (if required) to achieve desired system flow 
balance. 

8. Develop a revised system resistance curve (if required). 

9. Calculate values of parameters required for the purchase of system components 


(pump head, system pressures, control valve pressure drop, etc.). 


The final steady-state hydraulic analysis of a system is usually performed after 


major equipment has been purchased and piping drawings have been prepared. This 
analysis is to confirm acceptable operation for all operating modes by reconciling the 
as-built piping and installed equipment with the initial analysis. 


The final analysis proceeds as follows: 


Determine the pressure drop in the system based on piping drawings and equip- 
ment suppliers data for design flow rates (if required). 


Develop system resistance curves (if required). 


Plot pump curves on the system resistance curve to determine the system flow 
rates. 


Compare design flow rates with calculated flow rates for all operating modes. 


Due to problems which occur during construction, the as-built drawings often 


differ from the piping drawings. In most instances, these changes are minor and 
do not affect the results of the analysis. Should any major changes occur during 
construction, the effect on the analysis results would need to be evaluated. 
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Piping Configurations. Piping systems may be arranged in series, in parallel, or 
as branching pipes. For pipes in series, the total pressure head loss is the sum of 
head losses in the pipe sections, and the flow rate is the same at all sections. For 
pipes in parallel, the pressure head loss is the same for each flow path, and the 
total flow rate is the sum of flows in parallel sections. For branching pipes, the 
analyst must combine the above two principles. The total energy at a junction must 
be the same for all branches of the pipe. 

Analysis of a piping system begins with a determination of the pressure drop 
(pressure head loss) due to friction losses, form losses (in various types of piping 
components) and pressure losses in equipment for the design flow rate. For ease 
in evaluating the total system performance, the head loss should be calculated for 
each pipe branch separately. The manual head loss calculations often are done on 
pressure drop sheets. Calculations of head loss should include a schematic sketch 
of the piping layout. The calculation should be a clear record of the design basis 
for head loss calculations in order that as the design evolves, the significance of 
pipe changes is apparent. A second head loss calculation may be required if the 
pipeline is expected to operate at flow rates considerably different from the design 
flow rate. 

Having calculated the head loss in each branch of the system for the design flow 
rate, the performance of the entire system can be calculated. System resistance 
curves, flow balances, pump design points, and system pressures are some of the 
products of the system analysis. 

The complexity of the system analysis depends on the number of pipes in 
series, pipes in parallel, and pipe branches. Obviously the greater the number of 
pipes, the more complex the analysis becomes. The analysis is done either by manual 
calculation or by computer analysis. Computerized calculations are preferable. 

Manual calculations are suited for relatively simple piping systems. Manual 
analysis with the use of graphs provides an easy method for analyzing systems with 
a number of pipes in parallel, pipes in series, and branching pipes. This technique 
is based on the assumption that head loss varies with the square of velocity. 
Table B8.8 presents flow data for water through various sizes of Schedule 40 
steel pipe. 

The hydraulic grade line (HGL) and energy grade line (EGL) are two useful 
engineering tools in the hydraulic design of any system in which a liquid is in a 
dynamic state.! The graphical representation with respect to any selected datum, 
of the static head for each point along the pipe under consideration as ordinate, 
plotted against distance along the pipe as the abscissa is called the hydraulic grade 
line. Similar graphical representation of the total pressure (or Bernoulli head: static 
+ dynamic), as described by Eq. (B8.12), is called the energy grade line. Figure 
B8.6 illustrates the HGL and EGL for a sample system. 


Economic Optimization of Line Sizes. The objective of this subject is balancing 
the savings in cost obtained by reduction in the size of the piping diameter against 
the increased cost of pumping equipment and power necessary to provide for 
increased pressure drop. 

For given flows, as the pipe diameter decreases, the flow velocity increases, 
which decreases the cost of erected piping, including fittings, hangers, supports, and 
labor as represented by cost a in Fig. B8.7. However, the piping pressure drop ratio 
increases to the 5th power with reduction in the pipe internal diameter ratio, as 
shown in the accompanying table. The same is true with the pumping power, 
which is proportional to the pressure drop in the line, as represented by cost b 
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d2/dl (d1/d2j 


0.99 1.050 
0.98 1.106 
0.97 1.165 
0.96 1.230 
0.95 1.292 
0.90 1.694 
0.80 3.052 
0.70 5.950 


in Fig. B8.7. In addition, there is the cost of the pump and the pump drive, which 
increases as greater pumping power is required, as represented by cost c. 

The total cost, which is the sum of these three costs (Tcosr = a + b + c) in 
$/year, is shown on Fig. B8.7 as reaching a minimum value at the optimum flow 
velocity. The analysis for each piping system should consider the optimization of 
flow velocity (optimum internal diameter) of the pipe under consideration. It is 
important to note that cost b depends strongly on the plant operating mode or the 
load factor, and on other economic indicators for a particular project. Industry data 
containing updated prices of equipment, piping, and labor are needed to implement 
this optimization procedure. 

Sample Problem B8.1. What is the pressure drop pa — p; (see Fig. B8.8), 
when water at 200°F (93.3°C) flows in a piping system at the rate of m = 450,200 
Ib,/h (204,207 kg/h), pa = 500 psia (34.47 bar)? 

Pipe Data. For 6-in nominal size, schedule 40 pipe, the internal diameter d — 
6.065 in, D — 0.5054 ft, A — 0.200 ft. 

Properties of Fluid. From the ASME Steam Tables software (Ref. 5) for T — 
200°F and p = 500 psia, the dynamic viscosity of water (see attached computer 
printout, Table B8.9) is 


u = 63.43 * 1077 (Ib: S)/f? 


From the same computer printout, the specific volume of water at T = 200°F 
and p — 500 psia is 


v = 0.01661 ft /Ib, 
Then, the kinematic viscosity of water is [see Eq. (B8.3)]: 


y = É g, = (63.43 * 1077) (0.01661) (32.174) 
p 


= 3.39 « 107 ft? /s 


The flow velocity is calculated from the continuity equation 


m 

w= — 

pA 
450,200 


where m = = 125.06 1b, /s 


3600 


9/£'8 


TABLE B8.8 Flow of Water Through Schedule 40 Steel Pipe 


Discharge Pressure drop per 100 ft and velocity in Schedule 40 pipe for water at 60°F 
Press. Press. Press. Press. Press. Press. Press. Press. 
Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, 
gal/min ft/s ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? 
Vs in Yq in % in Vo in 
0.2 0.000446 1.13 1.86 0.616 0.359 
0.3 0.000668 1.69 4.22 0.924 0.903 0.504 0.159 0.317 0.061 9A in 
0.4 0.000891 2.26 6.98 1.23 1.61 0.672 0.345 0.422 0.086 
0.5 0.00111 2.82 10.5 1.54 2.39 0.840 0.539 0.528 0.167 0.301 0.033 
0.6 0.00134 3.39 14.7 1.85 3.29 1.01 0.751 0.633 0.240 0.361 0.041 
0.8 0.00178 4.52 25.0 2.46 5.44 1.34 1.25 0.844 0.408 0.481 0.102 lin 1% in 
1 0.00223 5.65 37.2 3.08 8.28 1.68 1.85 1.06 0.600 0.602 0.155 0.371 0.048 1% in 
2 0.00446 11.29 134.4 6.16 30.1 3.36 6.58 2.11 2.10 1.20 0.526 0.743 0.164 0.429 0.044 
3 0.00668 9.25 64.1 5.04 13.9 3.17 4.33 1.81 1.09 1.114 0.336 0.644 0.090 0.473 0.043 
4 0.00891 12.33 111.2 6.72 23.9 4.22 7.42 2.41 1.83 1.49 0.565 0.858 0.150 0.630 0.071 
3 0.01114 2 in 8.40 36.7 5.28 112 3.01 2.75 1.86 0.835 1.073 0.223 0.788 0.104 
6 0.01337 0.574 0.044 2V5 in 10.08 51.9 6.33 15.8 3.61 3.84 2.23 1.17 1.29 0.309 0.946 0.145 
8 0.01782 0.765 0.073 13.44 91.1 8.45 27.7 4.81 6.60 2.97 1.99 1.72 0.518 1.26 0.241 
10 0.02228 0.956 0.108 0.670 0.046 10.56 42.4 6.02 9.99 3.71 2.99 2.15 0.774 1.58 0.361 
15 0.03342 1.43 0.224 1.01 0.094 3 in 9.03 21.6 5.57 6.36 322 1.63 2.37 0.755 
20 0.04456 1.91 0.375 1.34 0.158 0.868 0.056 315 in 12.03 37.8 7.43 10.9 4.29 2.78 3.16 1.28 
25 0.05570 2.39 0.561 1.68 0.234 1.09 0.083 0.812 0.041 4in 9.28 16.7 5.37 4.22 3.94 1.93 
30 0.06684 2.87 0.786 2.01 0.327 1.30 0.114 0.974 0.056 11.14 23.8 6.44 5.92 4.73 2.72 
35 0.07798 3.35 1.05 2.35 0.436 1.52 0.151 1.14 0.704 0.882 0.041 12.99 32.2 7.51 7.90 5.52 3.64 
40 0.08912 3.83 1.35 2.68 0.556 1.74 0.192 1.30 0.095 1.01 0.052 14.85 41.5 8.59 10.24 6.30 4.65 
45 0.1003 4.30 1.67 3.02 0.668 1.95 0.239 1.46 0.117 1.13 0.064 9.67 12.80 7.09 5.85 
50 0.1114 4.78 2.03 3.35 0.839 247 0.288 1.62 0.142 1.26 0.076 5in 10.74 15.66 7.88 745 
60 0.1337 5.74 2.87 4.02 1.18 2.60 0.406 1.95 0.204 1.51 0.107 12.89 22.2 9.47 10.21 
70 0.1560 6.70 3.84 4.69 1.59 3.04 0.540 2.27 0.261 1.76 0.143 1.12 0.047 11.05 13.71 
80 0.1782 7.65 4.97 5.36 2.03 3.47 0.687 2.60 0.334 2.02 0.180 1.28 0.060 12.62 17.59 
90 0.2005 8.60 6.20 6.03 2.53 3.91 0.861 2.92 0.416 2.27 0.224 1.44 0.074 6 in 14.20 22.0 
100 0.2228 9.56 7.59 6.70 3.09 4.34 1.05 3.25 0.509 2.52 0.272 1.60 0.090 1.11 0.006 — 15.78 26.9 
125 0.2785 11.97 11.76 8.38 4.71 5.43 1.61 4.06 0.769 3.15 0.415 2.01 0.135 1.39 0.055 19.72 41.4 
150 0.3342 14.36 16.70 10.05 6.69 6.51 2.24 4.87 1.08 3.78 0.580 2.41 0.190 1.67 0.077 
175 0.3899 16.75 22.3 11.73 8.97 7.60 3.00 5.68 1.44 4.41 0.774 2.81 0.253 1.94 0.102 
200 0.4456 19.14 28.8 13.42 11.68 8.68 3.87 6.49 1.85 5.04 0.985 321 0.323 222 0.130 8in 
225 0.5013 15.09 14.63 9.77 4.83 7.30 2.32 5.67 1.23 3.61 0.401 2.50 0.162 1.44 0.043 
250 0.557 10.85 5.93 8.12 2.84 6.30 1.46 4.01 0.495 2.78 0.195 1.60 0.051 
275 0.6127 11.94 7.14 8.93 3.40 6.93 1.79 4.41 0.583 3.05 0.234 1.76 0.061 
300 0.6684 13.00 8.36 9.74 4.02 7.56 2.11 4.81 0.683 3.33 0.275 1.92 0.072 
325 0.7241 14.12 9.89 10.53 4.09 8.19 2.47 521 0.797 3.61 0.320 2.08 0.083 
350 0.7798 11.36 5.41 8.82 2.84 5.62 0.919 3.89 0.367 2.24 0.095 
375 0.8355 12.17 6.18 9.45 3.25 6.02 1.05 4.16 0.416 2.40 0.108 
400 0.8912 12.98 7.03 10.08 3.68 6.42 1.19 4.44 0.471 2.56 0.121 


LLE'8 


TABLE B8.8 Flow of Water Through Schedule 40 Steel Pipe (Continued) 


Discharge Pressure drop per 100 ft and velocity in Schedule 40 pipe for water at 60F 
Press. Press. Press. Press. Press. Press. Press. Press. 
Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, Velocity, drop, 
gal/min ft/s ft/s Ib/in’ ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? ft/s Ib/in? 
425 0.9469 M sa Ed RM 13.80 7.89 10.71 4.12 6.82 1.33 4.72 0.529 2.73 0.136 
450 .003 10 in sud «e EM e 14.61 8.80 11.34 4.60 7.22 1.48 5.00 0.590 2.89 0.151 
475 .059 1.93 0.054 m ENS veis A 11.97 5.12 7.62 1.64 527 0.653 3.04 0.166 
500 114 2.03 0.059 ES P NT. we 12.60 5.65 8.02 1.81 5.55 0.720 3.21 0.182 
550 225 2.24 0.071 em M "m ES 13.85 6.79 8.82 2.17 6.11 0.861 3.53 0.219 
600 1.337 2.44 0.083 "M ee s ST 15.12 8.04 9.63 2.55 6.66 1.02 3.85 0.258 
650 .448 2.64 0.097 12 in de des wats V me m 10.43 2.98 7.22 1.18 4.17 0.301 
700 1.560 2.85 0.112 2.01 0.047 s vus "m "M 11.23 3.43 7.78 1.35 4.49 0.343 
750 671 3.05 0.127 2.15 0.054 14 in fate a, E xs 12.03 3.92 8.33 1.55 4.81 0.392 
800 1.782 3.25 0.143 2.29 0.061 NE Nach die x 12.83 4.43 8.88 1.75 5.13 0.443 
850 .894 3.46 0.160 2.44 0.068 2.02 0.042 Dens E ches x 13.64 5.00 9.44 1.96 5.45 0.497 
900 2.005 3.66 0.179 2.58 0.075 2.13 0.047 TN. ea T Ls 14.44 5.58 9.99 2.18 5.77 0.554 
950 2.117 3.86 0.198 2.72 0.083 2.25 0.052 "E s 15.24 621 10.55 242 6.09 0.613 
1000 2.228 4.07 0.218 2.87 0.091 2.37 0.057 16 in Sak edes 16.04 6.84 11.10 2.68 6.41 0.675 
1100 2.451 4.48 0.260 3.15 0.110 2.61 0.068 ed sdi 17.65 8.23 12.22 322 7.05 0.807 
1200 2.674 4.88 0.306 3.44 0.128 2.85 0.080 2.18 0.042 Vus 354 MEI mS 13.33 3.81 7.70 0.948 
1300 2.896 5.29 0.355 3.73 0.150 3.08 0.093 2.36 0.048 3 bcd T NS 14.43 4.45 8.33 111 
1400 3.119 5.70 0.409 4.01 0.171 3.32 0.107 2.54 0.055 15.55 5.13 8.98 1.28 
1500 3.342 6.10 0.466 4.30 0.195 3.56 0.122 2.72 0.063 18 in 16.66 5.85 9.62 1.46 
1600 3.565 6.51 0.527 4.59 0.219 3.79 0.138 2.90 0.071 17.77 6.61 10.26 1.65 
1800 4.010 7.32 0.663 5.16 0.276 427 0.172 3.27 0.088 2.58 0.050 19.99 8.37 11.54 2.08 
2000 4.456 8.14 0.808 5.73 0.339 4.74 0.209 3.63 0.107 2.87 0.060 20 in 2221 10.3 12.82 2.55 
2500 5.570 10.17 1.24 747 0.515 5.93 0.321 4.54 0.163 3.59 0.091 16.03 3.94 
3000 6.684 12.20 1.76 8.60 0.731 741 0.451 5.45 0.232 4.30 0.129 3.46 0.075 24 in 19.24 5.59 
3500 7.798 14.24 2.38 10.03 0.982 8.30 0.607 6.35 0.312 5.02 0.173 4.04 0.101 22.44 7.56 
4000 8.912 16.27 3.08 11.47 1.27 9.48 0.787 7.26 0.401 5.74 0.222 4.62 0.129 3.19 0.052 25.65 9.80 
4500 10.03 18.31 3.87 12.90 1.60 10.67 0.990 8.17 0.503 6.46 0.280 5.20 0.162 3.59 0.065 — 28.87 122 
5000 11.14 20.35 4.71 14.33 1.95 11.85 1.21 9.08 0.617 747 0.340 5.77 0.199 3.99 0.079 
6000 13.37 24.41 6.74 17.20 2.77 14.23 1.71 10.89 0.877 8.61 0.483 6.93 0.280 4.79 0.111 
7000 15.60 28.49 9.11 20.07 3.74 16.60 2.31 12.71 1.18 10.04 0.652 8.08 0.376 5.59 0.150 
8000 17.82 Ves ies 22.93 4.84 18.96 2.99 14.52 1.51 11.47 0.839 9.23 0.488 6.38 0.192 
9000 20.05 PEST i 25.79 6.09 21.34 3.76 16.34 1.90 12.91 1.05 10.39 0.608 7.18 0.242 
10000 2228 shad zd 28.66 7.46 23.71 4.61 18.15 2.34 14.34 1.28 11.54 0.739 7.98 0.294 
12000 2674 dia oes 34.40 10.7 28.45 6.59 21.79 3.33 17.21 1.83 13.85 1.06 9.58 0.416 
14000 3119 m NE 33.19 8.89 25.42 4.49 20.08 2.45 16.16 1.43 11.17 0.562 
16000 35.65 oe 33x E ise p EON 29.05 5.83 22.95 3.18 18.47 1.85 12.77 0.723 
18000 40.10 m p s ud ji wines 32.68 2.21 25.82 4.03 20.77 2.32 14.16 0.907 
20000 44.56 T Mens Tu a en S 36.31 9.03 28.69 4.93 23.08 2.86 15.96 1.12 


Useful conversion of units: 

1 inch = 25.4 mm; 1 ft = 0.3048 m; 1 ft? = 0.02832 mî; tc = 96 (tp — 32); for pressure conversions to other units 
see Table B8.1. 

Note: For calculations for pipes other than Schedule 40, see explanation in Table B8.14. 

Note: For pipe lengths other than 100 ft, the pressure drop is proportional to the length. Thus, for 50 ft of pipe, 
the pressure drop is approximately one-half the value given in the table ... for 300 ft, three times the given value, 
etc. Velocity is a function of the cross-sectional flow area; thus, it is constant for a given flow rate and is independent 
of pipe length. 

Source: Ref. 7. 
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w? 


Hydraulic grade line 
6-in..diam pipe 


K=; I 
nozzle 
t » Arbitrary datum 7 3 


Loss due to nozzle 0.107€ 
2g 


FIGURE B8.6 Hydraulic and energy grade lines. (From Ref. 1.) 


a = cost of erecting piping and supports 
b z cost of pumping power 
C = cost of pump and pump drive equipment 


COST, $ PER YEAR 


W optimum 
FIGURE B8.7 Flow velocity optimization plot. 
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Welded fittings Elbow (2 total) 
rid =2 a Pg 


Globe valve (open) 


——— 


—— Closed 


t reservoir 


8 ft 


Swing check 
valve (open) Gate valve - closed 


Gate valve - open 


600 ft of commercial 
Reservoir steel pipe (straight 
sections) 


180 return (4 total) 67 nominal size 


P rid 21.5 
Well-rounded Schedule 40 
entrance 
FIGURE B8.8 Reference for sample problem B8.1. 
TABLE B8.9 Computer Printout of Steam/Water Properties 

STEAM PROPERTIES INPUT * RESULTS 
ABS. PRESSURE, bar .0000 34.4738 
psia 500.0000 500.0000 
pee TREE EIE EIE A SS uir E gee ee a as 
TEMPERATURE, [o 0000 93.3333 
F 200.0000 200.0000 
un RTT ER pa tilt te Wo Xe em 
ENTHALPY, kJ/kg .0000 393.5460 
Btu/lbm .0000 169.1943 
"——— n —— m Xs elves anea 
ENTROPY, kJ/(kg.K) .000000 1.228453 
Btu/ (1bm.R) .000000 .293411 
m PULO DM DCN DNUS "MCN rS 
SPEC.VOLUME m3/kg .000000 .001037 
ft3/lbm .000000 .016609 
€——————— REN io. eee secs 
QUALITY, decimal 000000 -1.000000 
Bop ee | he RS MUS du gee ee 
DYNAM. VISC N.s/m2 - 000000000 .000303681 
lbf.s/ft2 .000000000 .000006343 
rro EEE uy ci Aman iP 

UNTTS FOR INPUT? UNT = 1-ST,. 2-BRITISH * 1995/TIS 


UNT PRESSURE TEMPERAT ENTHALPY ENTROPY QUALITY 
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Then: 


| 125.06 
~ 0.200 


Using Eq. (B8.16), the Reynolds number is 


0.01661 = 10.39 ft/s 


Dw _ (0.5054) (10.39) 


sen = 1.549 * 10° 
V . i 


Re — 
D'Arcy-Weisbach Friction Factor. For commercial steel pipe from Ref. 7, the 
relative roughness is 


5 — 0.00015/0.5054 — 0.0003 


and the friction factor in zone of complete turbulence is 
fr — 0.015 
From Eq. (B8.17), using, for example, the Newton-Raphson method for solving 


equations [or using the Moody diagram, Fig. (B8.5)], for calculated values of Re 
and e/D, the D’Arcy-Weisbach friction factor, f, is found: 


f — 0.0154 
Flow Resistance Coefficients’: 
Local disturbance K(fr = 0.015) 

Entrance K = 0.04 

4 180° turns (4)02.18 fr) = 1.33 

1 globe valve (open) 340 fr = 5.10 

1 tee flow through run 20 fr = 0.33 

1 swing check valve (open) 100 fr = 1.50 

2 long radius elbows (2)(14fr) = 0.42 

1 gate valve (open) 8 fr = 0.12 

Exit K = 1.00 

È k =9.77 


Total Resistance 


L 
Ka = UK +h 5 


600 
= 9.77 + 0.0154 — — 
0.5054 


= 28.05 
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"Friction" Pressure Drop in Pipe. From Eqs. (B8.14) and (B8.18): 
w 
Ap = Kap Jo. 
Sc 
(10.39)? 
(0.01661) (2) (32.174) 


= 2833.08 Ir 
ft 


= 28.05 


_ 2833.08 
^. ]44 


Pressure Difference p, — ps. From Bernoulli's equation (Eq. B8.12 with H, = 0 
and H, — 0): 


= 19.67 psi 


2 
Paw 
4A +pat È zapa 
2g. 8c 


2 
PBW 

= PP $ pg + S zg pg + Ap 
28c &c 


ft 
Assuming pa = pp =p and g = 32.174 = 
S 


Pam PR = 2 (zB — Za) 
gc 144 


100 
~ (144)(0.01661) 


4- 19.67 — 61.48 psi (4.24 bar) 


Applications: Oil and Other Liquid Systems 


The calculation of oil flow through pipes is a much more complicated process than 
a similar calculation for water flow. Water properties are well-defined and many, 
including viscosity, are nearly constant within liquid temperature ranges, whereas 
oil is quite different. No two oils have the same physical properties, and any given 
oil is subject to important physical changes at expected variable temperatures. 
When considering oil flow in pipes, the most important variable physical property 
is viscosity. 

Ordinary crude oil is not a homogeneous liquid; it is a very complex fluid 
composed of compounds of carbon and hydrogen which exist in petroleum in a 
wide variety of combinations. Physical properties change accordingly, and they also 
change as a result of temperature variations. Therefore, this handbook assumes 
that the user will research the fluid of interest in other sourcebooks (such as the 
Petroleum Processing Handbook’) to determine important properties including 
density and viscosity. 

The “Viscosity” subsection in this handbook refers to Tables B8.5 and B8.6 for 
conversion among several common units of viscosity. The special names and symbols 
for derived CGS units (such as dyne, erg, poise, and stokes) should not be used 
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TABLE B8.10 Kinematic Viscosity Conversion Table (Centistokes to Engler, Saybolt, and 
Redwood units) 


DN [^7] un 

A E 2 E 2 E 

E E z E z 8 

4 E |$ 7 E 3 7 8,2 
| g| 3e sel 2] g] $8 | sE | 2) g| $e | E 
© R So oo © 8 ae E © p ME 65 
a wou an ot a Bw =n ot 3 ks ^R an owt 
se |) GOOD | Bee EC de Sa e EC de i bh cm utn dms 
o Bo >25 | Bs g BD 5 ER 35 g EI Ss 95 

O m [2 e4 oO n [2 e4 [9) aa n [2 
2.0 | 1.140 | 32.66 | 30.95 | 18.0 | 2.644 89.37 78.45 | 41.0 | 5.465 | 190.6 | 168.3 
2.5 | 1.182 | 3446 | 3220 || 19.0 | 2.755 93.48 82.10 | 42.0 | 5.590 | 195.1 | 1723 


3.0 | 1.224 | 36.07 | 33.45 | 20.0 | 2.870 97.69 85.75 | 43.0 | 5.720 | 199.6 | 176.4 
3.5 | 1.266 | 37.67 | 34.70 || 21.0 | 2.984 | 101.9 89.50 | 44.0 | 5.845 | 2042 | 180.4 
4.0 | 1.308 | 39.17 | 35.95 | 22.0 | 3.100 | 106.2 93.25 | 45.0 | 5.975 | 208.8 | 184.5 


4.5 | 1.350 | 40.78 | 3720 | 23.0 | 3215 | 110.5 97.05 || 46.0 | 6.105 | 213.4 | 188.5 
5.0 | 1.400 | 42.38 | 3845 | 24.0 | 3.335 | 114.8 100.9 47.0 | 6.235 | 218.0 | 192.6 
5.5 | 1.441 | 43.98 | 39.80 || 25.0 | 3.455 | 119.1 104.7 48.0 | 6.365 | 222.6 | 196.6 
6.0 | 1.481 | 45.59 | 41.05 | 26.0 | 3.575 | 123.5 108.6 49.0 | 6.495 | 2272 | 200.7 
6.5 | 1.521 | 47.19 | 4240 | 27.0 | 3.695 | 127.9 112.5 50.0 | 6.680 | 231.8 | 204.7 


7.0 | 1.563 | 48.79 | 43.70 || 28.0 | 3.820 | 1324 116.5 52.0 | 6.890 | 241.1 | 212.8 
7.5 | 1.605 | 50.44 | 45.00 | 29.0 | 3.945 | 136.8 120.4 54.0 | 7.106 | 2503 | 221.0 
8.0 | 1.653 | 52.10 | 4635 | 30.0 | 4.070 | 1412 124.4 56.0 | 7.370 | 259.5 | 229.1 
8.5 | 1.700 | 53.80 | 47.75 | 31.0 | 4.195 | 145.6 128.3 58.0 | 7.633 | 268.7 | 2372 
9.0 | 1.746 | 55.51 | 49.10 || 32.0 | 4.320 | 150.0 132.3 60.0 | 7.896 | 277.9 | 245.3 


9.5 | 1.791 | 57.21 | 50.55 || 33.0 | 4.445 | 154.5 136.3 62.0 | 8.159 | 287.2 | 253.5 
10.0 | 1.837 | 58.91 | 52.00 || 34.0 | 4.570 | 159.0 140.2 64.0 | 8.422 | 296.4 | 261.6 
11.0 | 1.928 | 62.42 | 55.00 || 35.0 | 4.695 | 163.5 144.2 66.0 | 8.686 | 305.6 | 269.8 
12.0 | 2.020 | 66.03 | 58.10 || 36.0 | 4.825 | 168.0 148.2 68.0 | 8.949 | 314.8 | 277.9 
13.0 | 2.120 | 69.73 | 61.30 || 37.0 | 4.955 | 172.5 1522 70.0 | 9.212 | 324.0 | 286.0 


14.0 | 2219 | 73.54 | 64.55 || 38.0 | 5.080 | 177.0 156.2 72.0 | 9.475 | 3333 | 2941 
15.0 | 2.323 | 77.35 | 67.95 || 39.0 | 5.205 | 181.5 160.3 74.0 | 9.738 | 342.5 | 3022 
16.0 | 2.434 | 8125 | 71.40 || 40.0 | 5.335 | 186.0 164.3 75.0 | 9.870 | 347.2 | 306.3 


Centistokes........................ 2 6 10 20 30 40 50 60 70 

Saybolt at 100°F ............... 32.60 | 45.50 | 58.80 | 97.50 40.9 | 185.7 | 2314 | 277.4 | 323.4 
Saybolt at 210°F ............... 32.83 | 45.82 | 59.21 | 98.18 | 141.9 | 187.0 | 233.0 | 279.3 | 325.7 
Redwood at 70?F ..| 30.20 | 40.50 | 51.70 | 85.40 | 123.7 | 163.2 | 203.3 | 243.5 | 283.9 
Redwood at 200*F ........... 31.20 | 41.50 | 52.55 | 86.90 | 126.0 | 166.7 | 208.3 | 250.0 | 291.7 


Temperature conversion: tc = % (tr — 32) 


70°F = 21.1°C; 140°F = 60.0°C 
100°F = 37.8°C; 200°F = 93.3°C 
130°F = 54.5°C; 210°F = 98.9°C 


TABLE B8.11 Flow of Oils Through Commercial Pipes 


Pressure drop in pounds per square inch per 100 ft of 
pipe based on oils of 20? Bé gravity 
Size of Capacity, 
pipe and gallons Viscosity in Saybolt Universal seconds 
average inside per 
diameter, inches minute* 100 200 300 400 500 600 
2 6.59 143 21.7 291 36.9 43.6 
»" 5 21.1 34.8 53.4 71.5 89.5 107.0 
0622 7 37.7 49.2 74.6 101.0 129.0 152.0 
i 10 69.8 85.8 107.0 144.0 177.0 217.0 
15 143.0 174.0 194.0 217.0 267.0 325.0 
2 2.16 4.74 7.04 9.48 11.6 142 
" 5 5.6 11.5 17.1 23.1 28.9 35.2 
0.824 7 9.96 16.1 24.5 32.8 40.5 48.9 
10 184 22.3 34.9 46.0 58.5 70.9 
15 37.9 45.7 51.5 70.4 88.3 106.0 
5 2.06 4.32 6.68 8.85 11.0 13.4 
1 10 5.9 8.74 13.4 17.9 22.0 26.6 
1.05 15 11.9 14.5 19.7 26.6 33.2 40.3 
i 20 19.7 23.8 26.8 35.4 44.1 53.5 
25 29.0 35.1 39.3 44.2 54.5 66.8 
10 0.783 1.57 2.40 322 3.98 4.86 
1% 20 2.61 3.17 4.85 6.52 8.02 9.70 
161 30 5.30 6.43 745 9.68 12.1 14.7 
É 40 8.72 10.6 11.9 12.8 16.0 19.4 
50 12.7 15.7 17.4 18.8 19.8 24.2 
10 0.266 0.578 0.875 1.17 1.47 1.79 
2 20 0.79 1.15 1.75 2.34 2.92 3.52 
2.067 30 1.60 1.93 2.62 3.50 4.40 5.30 
` 40 2.63 3.18 3.56 4.66 5.85 7.10 
50 3.86 4.68 5.28 5.88 7.26 8.85 
50 0.174 0.198 0.307 0.412 0.494 0.612 
4 100 0.550 0.668 0.744 0.810 1.01 1.22 
4.026 150 1.09 1.36 1.50 1.62 1.74 1.84 
: 200 1.81 222 2.49 2.68 2.85 2.98 
250 2.67 3.26 3.67 3.97 4.20 441 
100 0.0788 0.0956 0.115 0.158 0.194 0.236 
6 200 0.259 0.315 0.359 0.388 0.408 0.480 
6.065 500 1.27 1.55 1.74 1.88 2.01 2.20 
` 700 229 2.80 3.15 3.36 3.60 3.78 
1000 424 521 5.82 6.32 6.68 7.05 
200 0.0696 0.0834 0.0947 0.102 0.128 0.155 
8 500 0.340 0.418 0.459 0.500 0.530 0.556 
8.03 1000 1.13 1.37 1.55 1.67 1.78 1.87 
er 1500 2.27 2.74 3.07 3.30 3.59 3.75 
2000 3.88 4.55 5.15 5.56 5.92 622 
1000 0.165 0.203 0.228 0.242 0.258 0.272 
12 2000 0.552 0.670 0.750 0.810 0.866 0.905 
12.05 3000 1.15 1.34 1.50 1.63 1.73 1.83 
4000 1.91 222 2.50 2.69 2.84 3.00 
5000 2.90 3.34 3.63 3.97 4.22 441 


* To change capacities from gallons per minute to barrels (42 gal) per hour, multiply pressure drops 
by 1.43. To change from pressure drops per square inch per 100 ft to pressure drops per square inch per 
mile, multiply by 52.8. 

Other important conversion relations: 

1 US gallon = 0.00378541 m°, 1 ft = 0.3048 m, 
1 inch = 25.4 mm, 1 mile = 1609.344 m. 
For pressure conversions refer to TABLE B8.1. 
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with the SI. Apart from these, other units which do not belong to any coherent 
system should be defined in the oil-related problems. For readers who must use 
information from various existing sources, Table B8.10 is included. Together with 
Tables B8.5 and B8.6, this may lead to organized, easy-to-follow SI solutions to 
the encountered problems, especially in determining the pressure drop or flow rate 
of oil through pipes. 

Typical pressure drops for oil flowing through pipes ranging from 75 to 12 inches 
in diameter appear in Table B8.11 for fluids with a density of approximately 7.78 
Ib,,/U.S. gal (0.932 kg/dm’). 

Figures B8.9 through B8.15 provide pressure drops versus flow rates for fluids 
ranging from gasoline to those with 10,000 Seconds Saybolt Universal (SSU) viscos- 
ity through 2- to 12-in Schedule 40 pipe. To use these figures with SI units, the 
following conversion factors should be applied: 1 U.S. gallon = 3.78541 dn), 1 U.S. 
mile — 1.609344 km (exactly), 1000 ft — 304.8 m (exactly). For pressure conversions 
see Table B8.1. The specific gravity of a substance is the ratio of its weight to the 
weight of an equal volume of water at chosen standard conditions. 

Usually the engineer of an oil-burning plant will know only two things regarding 
the fuel oil supplied to him; namely, the specific gravity and the viscosity. The 
specific density or specific gravity can be used to convert volume measurements of 
fuel oil into mass, or vice versa. Using the API gravity system devised jointly by 
the American Petroleum Institute and the National Bureau of Standards (NBS), 
the API gravity of a mixture can be readily calculated proportionately (in degrees 
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FIGURE B8.9 Pipe friction based on average Saybolt Universal viscosity and specific 


gravity of fluid in pipeline. Pressure drop Ap = p; X sp. gr. 


Lb. per Sq. In. per 1000 Feet=p, 


cL 2 2 25 30 $4 
3” SCHED. 40 PIPE ae PD : 
E A 
m is P ar | ze -140 
»5 A 
— aa o Ad «à 
175 Me e 
2 V^ y «0^ P 120 
Y AY n , j D 
, 90 n C Ap — 76 ZOO zr * 
Ed ‘| E 
E A q 2 
5 25:1 — Ae. Li Le 
& S E 
Š y F80 5 
; a 
şo i 
E , 60 E 
t£ 
E 15 tS ; 
p Pid 40 
50 4 MA 
JQ 7700. 25 
) TP d 
E 74000 
E^ 
0 


0 
0 ?0 40 60 80 100 120 140 160 180 200 220 
Lb. per Sq. In. per Mile =P, 


FIGURE B8.10 Pipe friction based on average Saybolt Universal viscosity and specific 
gravity of fluid in pipeline. Pressure drop Ap = p, X sp. gr. 
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FIGURE B8.11 Pipe friction based on average Saybolt Universal viscosity and specific gravity 
of fluid in pipeline. Pressure drop Ap = pı X sp. gr. 
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FIGURE B8.12 Pipe friction based on average Saybolt Universal viscosity and specific gravity 
of fluid in pipeline. Pressure drop Ap = pı X sp. gr. 
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FIGURE B8.15 Pipe friction based on average Saybolt Universal viscosity and specific 
gravity of fluid in pipeline. Pressure drop Ap = p, X sp. gr. 
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API) from the respective gravities of the components. Example: What is the API 
gravity of a 40 percent mixture of a 10? API fuel and 60 percent of a 15? API fuel? 
Answer: 0.40 X 10° + 0.60 x 15° = 13° API. 

A knowledge of viscosity and how it varies with temperature is essential for the 
easy handling and efficient utilization of fuel oil. Heavier fuel oils must be heated 
to the proper temperature in order to obtain a viscosity of 150 Saybolt Universal 
at the burners for the most efficient atomization. It is also important to determine 
to what temperature the oil should be heated in the bunkers so it can be readily 
pumped through the fuel oil system. Generally the maximum temperature that oil 
in the bunkers be heated to is 130°F (about 55°C) in an effort to reduce the viscosity 
for easier pumping. 

When two or more oils are blended, it is necessary to determine the properties 
of the mixture. Several methods are available to achieve the important properties 
such as viscosity and most use some type of viscosity blending chart. The Petroleum 
Processing HanbooK? is one source of such a blending chart which is a semilogarith- 
mic plot of kinematic viscosity versus either volume percent lower or higher viscosity 
liquid. A linear interpolation is used on this type of plot. 


STEADY SINGLE-PHASE COMPRESSIBLE FLOW 
IN PIPING 


Characteristics of Compressible Flow in Pipes 


The term compressible flow implies variations in density of a fluid. These variations 
are the result of pressure and temperature changes from one point to another. 
The rate of change of density with respect to pressure is, therefore, an important 
parameter in the analysis of compressible flow, and it is closely connected with the 
velocity of sound. 


Adiabatic, Constant-Area Flow with Friction. Adiabatic flow with friction is of 
interest in sizing safety valve discharge lines (vent lines) and other pipes where 
heat transfer may be neglected and where the flow may be restricted by sonic 
condition at the pipe exit (choked flow). Supersonic velocities will not be dis- 
cussed here. 

In this section, the flow of compressible gases and steam (small fluid densities) 
in ducts of constant cross-sectional area will be discussed. For adiabatic conditions 
(heat exchanged with surroundings dQ = 0), the energy equation for steady flow 
between two points, 1 and x, in a pipe may be written as follows: 


TE I is RET (B8.20) 
E 2g.J 2i de 2g.J TM à 


where ho is the stagnation enthalpy [see Eq. (B8.9)]. Utilizing the continuity 
equation: 


gela SM (B8.21) 
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for constant values of flow rate m, and area A, the following is found: 


4 2 2 2 
m y Ww 
h = xX =h — B8.22 
s (5) 22.7 DETE 0 ( ) 


Equation (B8.22) represents the Fanno line" which is the locus of the conditions 
in a cylindrical pipe of constant diameter. Having fixed w; and h; at the starting 
point, the stagnation enthalpy ho is calculated. This enthalpy stays constant along 
the length L of the pipe. Choosing an arbitrary specific volume v,, the corresponding 
value of h, can be calculated from Eq. (B8.22). The intersection of v, and h, on 
the A — s diagram represents a point on the Fanno line. The sonic (choked) condition 
at the pipe exit shown in Fig. B8.16 is defined by 


ds 
— —0 (B8.23) 
dh 


Fanno lines 


FIGURE B8.16 Fanno line on the h-s diagram. 


Considering the work done against friction (an irreversible process with the 
change in entropy of the fluid within the system) and the heat generated within 
the fluid by internal friction during an adiabatic flow (heat exchanged with the 
surroundings dq — 0), the following expression is derived: 


2&4. [* T 
Gite / — ds (B8.24) 
f JS} Ww 


Equation (B8.24) represents the length L, of the pipeline, along which the 
pressure drops from p; to p,. The described procedure yields a number of points 
on a Fanno line and also the coordinates of the function T/w? — f(s). Integrating 
the function T/w? — f(s) with fixed upper boundary (sonic conditions) and floating 
lower boundary of integration, the fluid parameters (static conditions) at any dis- 
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FIGURE B8.17 Integration of the function T/w?. 


Boundary 


tance L upstream of the sonic (choked) plane can be found (convergence on the 
given length L of the pipe). The procedure is explained in Fig. B8.17. 

If the calculated pressure at sonic exit is lower than the receiver pressure, the 
additional length of the pipe required for choked conditions at the exit should be 
calculated. By adding this fictitious pipe length to the actual length of the pipe the 
"extended length" is found. This new length is now used for calculating the parame- 
ters at the start of the pipeline, after a valve, or at any distance from the choked exit. 

For steam service, computerized calculations utilizing built-in steam tables (as 
in Ref. 5) are recommended. For most problems in gas dynamics, however, the 
assumption of the perfect gas law is sufficiently in accord with the properties of 
real gases to be acceptable.!! 

A simplified approach for frictional, adiabatic, constant-area flow (Fanno line 
analysis) of a perfect gas (that has constant specific heat) is presented in Ref. 11. 
The working formulas may be represented graphically or they may be used for 
computerized calculations to produce Fanno line tables for a perfect gas of any k 
and any assigned Ma values. As an example, see Table B8.12. It is important to 
notice that in Table B8.12, taken from Ref. 11, the Fanning friction factor is used 
(see Eq. B8.14 and lines below). Following are some of the working formulas 
suitable for practical computations, as presented in this reference book. The quanti- 
ties marked with an asterisk (*) in written expressions (p*, w*, etc.) represent the 
values of the stream properties at the section in the pipe where Ma = w/c = 1 
(sonic plane). Because the quantities marked with an asterisk are constants for a 
given adiabatic, constant-area flow, they may be regarded as convenient reference 
values for normalizing the equations. 

Choke pressure: 


m 
ERN cL B8.25 
POTUM gk D pi 


TABLE B8.12 Frictional, Adiabatic, Constant-Area Flow (Fanno Line) for Perfect Gas, 


k-—14 
w/w* 
and 
Ma TIT* plp* Dol po* p*lp FIF* AfLyx! D 
0.00 1.2000 oo oo 0.00000 oo oo 
.05 1.1994 21.903 11.5914 .05476 9.1584 280.02 
.10 1.1976 10.9435 5.8218 .10943 4.6236 66.922 
15 1.1946 7.2866 3.9103 16395 3.1317 27.932 
.20 1.1905 5.4555 2.9635 21822 2.4004 14.533 
25 1.1852 4.3546 2.4027 27217 1.9732 8.4834 
.30 1.1788 3.6190 2.0351 32572 1.6979 5.2992 
35 1.1713 3.0922 1.7780 37880 1.5094 3.4525 
40 1.1628 2.6958 1.5901 .43133 1.3749 2.3085 
45 1.1533 2.3865 1.4486 48326 1.2763 1.5664 
50 1.1429 2.1381 1.3399 53453 1.2027 1.06908 
55 1.1315 1.9341 1.2549 58506 1.1472 .72805 
.60 1.1194 1.7634 1.1882 .63481 1.10504 .49081 
.65 1.10650 1.6183 1.1356 .68374 1.07314 .32460 
70 1.09290 1.4934 1.09436 73179 1.04915 .20814 
75 1.07856 1.3848 1.06242 .77893 1.03137 12728 
.80 1.06383 1.2892 1.03823 .82514 1.01853 .07229 
85 1.04849 1.2047 1.02067 .87037 1.00966 03632 
.90 1.03270 1.12913 1.00887 .91459 1.00399 .014513 
95 1.01652 1.06129 1.00215 .95782 1.00093 .003280 
1.00 1.00000 1.00000 1.00000 1.00000 1.00000 0 
1.05 .98320 .94435 1.00203 1.04115 1.00082 .002712 
1.10 .96618 .89359 1.00793 1.08124 1.00305 .009933 
1.15 .94899 .84710 1.01746 1.1203 1.00646 .02053 
1.20 .93168 .80436 1.03044 1.1583 1.01082 .03364 
1.25 .91429 .76495 1.04676 1.1952 1.01594 04858 
1.30 89686 .72848 1.06630 1.2311 1.02169 .06483 
1.35 .87944 .69466 1.08904 1.2660 1.02794 .08199 
1.40 .86207 .66320 1.1149 1.2999 1.03458 .09974 
1.45 .84477 .63387 1.1440 1.3327 1.04153 .11782 
1.50 .82759 .60648 1.1762 1.3646 1.04870 .13605 
1.55 .81054 .58084 1.2116 1.3955 1.05604 .15427 
1.60 -79365 55679 1.2502 1.4254 1.06348 17236 
1.65 .77695 53421 1.2922 1.4544 1.07098 19022 
1.70 -76046 51297 1.3376 1.4825 1.07851 .20780 
1.75 .74419 49295 1.3865 1.5097 1.08603 22504 
1.80 .72816 .47407 1.4390 1.5360 1.09352 .24189 
1.85 .71238 .45623 1.4952 1.5614 1.1009 .25832 
1.90 .69686 .43936 1.5552 1.5861 1.1083 27433 
1.95 .68162 .42339 1.6193 1.6099 1.1155 .28989 
2.00 .66667 .40825 1.6875 1.6330 1.1227 .30499 
2.05 .65200 .39389 1.7600 1.6553 1.1297 .31965 
2.10 .63762 .38024 1.8369 1.6769 1.1366 .33385 
2.15 .62354 .36728 1.9185 1.6977 1.1434 .34760 
2.20 .60976 .35494 2.0050 1.7179 1.1500 .36091 
Source: Ref. 11 
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Static pressure, p, in the pipe cross section where the Mach number Ma < 1, 
may be found from the expression: 


E. d pss : (B8.26) 
p* MaWy2[r4 (& — 1)/2Ma’] 


Flow velocity: 


Y -M RUM R o B8.27) 
w V 2[1+ k- D/2Ma?] Hoe 


Maximum duct length: 


2 2 
pima = oa s bpd In a (B8.28) 

D kMa 2k 2[1 + (k — 1)/2Ma‘] 

Equation (B8.28) gives the maximum value of (f L)/D corresponding to any 
initial Mach number Ma. Notice, that for Ma = 1, the expression (B8.28) results 
in (f Lmax)/D = 0. The length of duct L required for the flow to pass from a given 
initial Mach number Ma, to a given final Mach number Ma, may be found from 
the expression: 


L L max L max 

ae |s zu (B8.29) 
D D Ma, D Ma» 

In order to find the change in some stream property, say the pressure, between the 

sections where the Mach numbers are Ma, and Ma, respectively, the following 

expression is used: 


P2 — (P/P")Mar (B8.30) 


Pi (p/p*) Ma 


where (p/p*)Ma; is the value of the right-hand side of Eq. (B8.26) corresponding 
to Ma), and so forth. 


Isothermal Flow in Long Pipelines. lsothermal flow with friction is of interest in 
connection with pipelines for transporting gas over long distances. When the lines 
are extremely long, there is sufficient area for heat transfer to make flow nonadia- 
batic and approximately isothermal, especially when the gas temperature is not 
much different from the temperature of the surroundings. In such cases, the flow 
may not be treated as incompressible and the D'Arcy-Weisbach equation cannot 
be used for calculating the pressure drop. 

Using the assumptions of constant elevation, no work being done by the fluid, 
continuity, isothermal flow, and that the friction coefficient does not change with 
length of the pipe yields the following application equation: 


. mx | 2g. [D5 
mo : — Dave ^ B8.31 
m 4V fRTi L Pave AP ( ) 
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For the same mass flow rate m, the pipe diameter D may be decreased by 
increasing the average pressure Pae in the pipeline and/or permitting a larger 
pressure drop Ap. One of the applications of Eq. (B8.31) is the economic analysis 
of long gas line systems requiring intermediate compression stations. 

It has to be mentioned here that the Mach number 


1 
Ma = — B8.32 
Peg ord 


represents a limit for continuous isothermal flow, in the same way that Ma = 1 
represents a limit for continuous adiabatic flow." The working formula for determin- 
ing the maximum pipe length beyond which the continuous isothermal flow may 
not proceed (ideal gas approximation) is given by the following expression: 


Lus 1 — kMa? T 
— > + In(kM B8.33 
f D m + In(kMa’) ( ) 


where Ma is the Mach number at the pipe inlet. For greater lengths, choking occurs 
and the mass flow rate decreases. 

Sample problems for this subsection are presented under “‘Applications: Sample 
Problems B8.2-B8.7.” 


Applications: Steam Systems 


In a case of compressible fluids such as air or steam, when density changes are 
small the fluid may be considered as incompressible. Therefore, all design rules 
described in earlier sections are applicable to this case. For steam and gas systems, 
where the fluid density is small, static head is negligible and may be omitted in 
pressure drop calculations. 

The typical velocities shown in Table B8.13 may be considered for preliminary 
line sizing, but economic size should be determined as a function of pressure drop, 
pipe cost, and so forth. 

Special attention should be given to turbine main steam lines and to hot and 
cold reheat piping because pressure drop in those systems affects heat rate and 
plant performance. Cost of piping must be compared with these effects for most 
economical piping arrangement. Normally, total pressure drop in reheat piping and 


TABLE B8.13 Typical Steam Velocity in Pipelines on Industrial Projects! 


Steam pressure Velocity Pressure drop 

50 psig (3.5 bar g) and lower 175 ft/s (—50 m/s) 0.4 psi/100 ft 
(~0.1 bar/100 m) 

Over 50 psig (3.5 bar g) saturated steam 120 ft/s (~35 m/s) 1.0 psi/100 ft 
(~0.25 bar/100 m) 

Over 50 psig (3.5 bar g) superheated steam 175 ft/s (~50 m/s) 1.0 psi/100 ft 


(~0.25 bar/100 m) 


! Velocities are based on typical process industry practice. 
Source: Stone & Webster. 
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the boiler reheater should be 7 to 9 percent of high pressure turbine exhaust 
pressure. It is desirable to use a smaller diameter hot reheat line and a larger 
diameter cold reheat line, taking a greater pressure drop in the more expensive, 
alloy, hot reheat line. 

Extraction steam piping also affects heat rate and output, and norally this piping 
should be sized so that the pressure drop does not exceed about 5 percent of turbine 
stage pressure for the low pressure and 3 to 4 percent for the higher pressure lines. 

Extraction steam lines should be designed for the pressure shown on full-load 
heat balance diagram at 5 percent overpressure and valves wide open (VWO). 

Continuously operating steam lines in process projects shall be designed on the 
basis of reasonable total pressure drop and, except for short leads such as to turbines 
and pumps, shall not generally exceed the conditions noted in Table B8.13. 


Applications: Air and Other Gas Systems 


As indicated in the last section, "Applications: Steam Systems," in a case of com- 
pressible fluids such as air or steam when density changes are small, the fluid 
may be considered as incompressible. Therefore, all design rules described in the 
subsections "Characteristics of Incompressible Flow," “Applications: Water Sys- 
tems," and “Applications: Steam Systems" are applicable to this section. For steam 
and gas systems, where the fluid density is small, static head is negligible and may 
be omitted in pressure drop calculations. 

Table B8.14 (from Ref. 7) presents pressure drop for some typical values of air 
flow rates through piping from % to 12 in diameter. 


Applications: Sample Problems B8.2-B8.7 


The most frequent application of single-phase compressible flow steam line analysis 
normally encountered by engineers is the sizing of safety valve vent lines. This 
analysis can be done either by using a computer program which is based on proce- 
dures discussed, or a hand calculation similar to that presented in this section. Users 
may compare their results with those obtained from an approximate, semi-empirical 
procedure based on tables in App. 11 of Ref. 12. It is the responsibility of the 
designer to make sure that the method used yields conservative results. 

The primary consideration in these analyses is to ensure that the vent line will 
pass the required flow without exceeding recommended backpressure limitations 
on valves with solidly connected vents or without blowing back in the case of open 
vent stacks. 


Problem B8.2. During abnormal operation of a system, 72,000 Ib,,/h (32,659 
kg/h) of air must be released from a high-pressure air tank through a 4-in (Schedule 
40) commercial steel bypass line (vent line) into the atmosphere. Stagnation condi- 
tions in the vessel during this operation are: p, — 600 psig (41.4) bar gauge (kept 
at a constant level by compressors), tr = 120°F (48.9°C). Equivalent length of the 
vent line is 90 ft (27.43 m). Calculate the pressure p, that exists at the valve discharge 
and make your comments on the vent line size. Air may be treated as a perfect 
gas. Assume that this is not a typical safety valve and that the valve backpressure 
should not exceed 50 percent of the valve set pressure. (The safety valve vent line 
design criteria are well documented in the ASME Boiler and Pressure Vessel Code.) 


TABLE B8.14 Flow of Air Through Schedule 40 Steel Pipe 


Free air g’ Compressed 
m ft/min air ft/min Pressure drop of air in pounds per square inch 
at 60°F and at 60°F and per 100 ft of Schedule 40 pipe 
14.7 psia 100 psig For air at 100 Ib/in? gauge pressure and 60°F temperature 
Vs in Y in % in Vo in 
1 0.128 0.361 0.083 0.018 
2 0.256 1.31 0.285 0.064 0.020 
3 0.384 3.06 0.605 0.133 0.042 % in 
4 0.513 4.83 1.04 0.226 0.071 
5 0.641 7.45 1.58 0.343 0.106 — 0.027 
lin 
6 0.769 10.6 2.23 0.408 0.148 0.037 
8 1.025 18.6 3.89 0.848 0.255 0.062 0.019 
10 1.282 28.7 5.96 1.26 0.356 0.094 0.029 l'Ain 1%in 
15 1.922 13.0 2.73 0.834 0.201 0.062 
20 2.563 22.8 4.76 143 0.345 0.102 0.026 
25 3204 35.6 7.34 221 0.5226 0.156 0.039 0.019 
30 3.845 10.5 3.15 0.7248 0.219 0.055 0.026 
35 4.486 142 4.24 1.00 0.293 0.073 0.035 
40 5.126 18.4 5.49 1.30 0.379 0.005 0.044 
45 5.767 23.1 6.90 1.62 0.4474 0.16 0.055 2in 
50 6.408 28.5 8.49 1.99 0.578 | 0.149 0.067 0.019 
60 7.690 24⁄2 in 40.7 12.2 2.85 0.819 0.200 0.094 0.027 
70 8.971 16.5 3.83 1.10 0.270 0.126 0.036 
80 10.25 0.019 214 4.96 1.43 0.350 0.162 0.046 
90 11.53 0.023 27.0 6.25 1.80 0.437 0.203 0.058 
100 12.82 0.029  3in 332 7.69 221 0.534 0247 0.070 
125 16.02 0.044 11.9 3.39 0.825 0.380 0.107 
150 19.22 0.062 0.021 17.0 4.87 147 0.537 0.151 
175 22.43 0.083 0.028 23.1 6.60 1.58 0.727 0.205 
200 25.63 0.107 0.036 3%in 30.0 8.54 2.05 0.937 0.264 
225 28.84 0.134 0.045 0.022 37.9 10.8 2.59 119 0.31 
250 32.04 0.164 0.055 0.027 13.3 3.18 145 0404 
275 3524 0.191 0.066 0.032 16.0 3.83 175 0484 
300 38.45 0.232 0.078 | 0.037 19.0 4.56 2.07 0.573 
325 41.65 0.270 0.000 — 0.043 22.3 5.32 242 0.673 
4 in 
350 44.87 0.313 0.104 0.050 25.8 6.17 2.80 0.776 
375 48.06 0.356 0.119 0.057 0.030 29.6 7.05 320 0.887 
400 51.26 0.402 0.134 0.064 0.034 33.6 8.02 3.04 1.00 
425 54.47 0.452 0.151 0.072 0.038 37.9 9.01 409 113 
450 57.67 0.507 0.168 0.081 0.042 10.2 459 126 
475 60.88 0.562 0.187 0.089 0.047 113 5.0 1.40 
500 64.08 0.623 0.206 0.099 0.052 12.5 5.001 1.55 
550 70.49 0.749 0.248 0.118 0.062 15.1 679 1.87 
600 76.90 0.887 0.203 0.139 0.073 18.0 804 221 
650 83.30 1.04 0.342 0.163 0.086  5in 21.1 9.43 2.60 
700 89.71 1.19 0.395 0.188 0.099 0.032 24.3 10.9 3.00 
750 96.12 1.36 0.451 0214 0.13 0.036 27.9 12.6 3.44 
800 102.5 1.55 0.5313 0244 0427 0.041 31.8 142 3.90 
850 108.9 1.74 0.576 0.274 0.144 0.046 35.9 16.0 4.40 
900 115.3 1.95 0.642 0.305 0.160 0.051 6in 402 18.0 4.91 


Useful conversion of units: 


1 inch = 25.4 mm; 1 ft = 0.3048 m; 1 f? = 0.02832 mî; tc = 
other units see Table B8.1. 
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5% (tr = 32); for pressure conversions to 


TABLE B8.14 Flow of Air Through Schedule 40 Steel Pipe (Continued) 


Free air q’ Compressed 


m ft/min air fP/min Pressure drop of air in pounds per square inch 
at 60°F and at 60°F and per 100 ft of Schedule 40 pipe 
14.7 psia 100 psig For air at 100 Ib/in? gauge pressure and 60°F temperature 
950 121.8 2.18 0.715 0.340 0.178 0.057 0.023 ... 20.0 5.47 
1 000 128.2 240 0.788 0.375 0.197 0.063 0.025 ... 22.1 6.06 
1100 141.0 2.89 0.948 0.451 0.236 0.075 0.030 ... 267 7.29 
1200 153.8 344 1.13 0.533 0279 0.089 0.035 4... 318 8.63 
1300 166.6 401 1.32 0.626 0.327 0.103 0.041 ... 373 10.1 
1400 179.4 465 152 0.718 0.377 0.119 0.047 11.8 
1500 192.2 531 174 0.824 0431 0.136 0.054 13.5 
1600 205.1 604 1.97 0.932 0490 0.154 0.0600 8in 153 
1800 230.7 7.65 2.50 1.18 0.616 0.193 0.075 19.3 
2 000 256.3 9.44 3.06 1.45 0.757 0.237 0.094 0.023 23.9 
10 in 
2 500 320.4 14.7 4.76 2.25 1.17 0.366 0.143 0.035 37.3 
3 000 384.5 21.1 6.82 3.20 1.67 0.5224 0.204 0.051 0.016 
3 500 448.6 28.8 9.23 4.33 2.26 0.709 | 0.276 0.068 0.022 
4 000 512.6 37.6 121 5.66 2.94 0.919 0.358 0.088 0.028 
4 500 576.7 47.6 15.3 7.16 3.69 1.16 0.450 0.111 0.035 12in 
5 000 640.8 ... 188 8.85 4.56 142 0.552 0.136 0.043 0.018 
6 000 769.0 Sen 27d 12.7 6.57 2.03 0.794 0.195 0.061 0.025 
7 000 897.1 ... 36.9 17.2 8.94 2.76 1.07 0.262 0.08 0.034 
8 000 1025 EM 22.5 11.7 3.59 1.39 0.339 0.107 0.044 
9 000 1153 s 28.5 14.9 4.54 176 0.427 0.134 0.055 
10 000 1282 X 352 184 5.60 2.46 0.526 0.164 0.067 
11000 1410 ae 22.2 6.78 2.62 0.683 0.197 0.081 
12 000 1538 ds 264 8.07 3.00 0.753 0234 0.096 
13 000 1666 t. 31.0 9.47 3.63 0.884 0.273 0112 
14 000 1794 Dee 36.0 11.0 421 102 0.316 — 0.129 
15 000 1922 V. 12.6 484 1.17 0.364 0.148 
16 000 2051 i^ 14.3 5.50 133 0.411 0.167 
18 000 2307 ear 18.2 6.96 1.68 0.520 0.213 
20 000 2563 E. 224 8.60 2.01 0.642 0.260 
22 000 2820 aes 27.1 10.4 2.50 0.771 | 0314 
24 000 3076 "A 32.3 12.4 2.97 0.918 0.371 
26 000 3332 ache 37.9 14.5 3.49 1.12 0.435 
28 000 3588 ees 16.9 4.04 1.25 0.505 
30 000 3845 De 19.3 4.64 1.42 0.520 


For lengths of pipe other than 100 ft, the pressure drop is proportional to the length. Thus, for 50 ft 
of pipe, the pressure drop is approximately one-half the value given in the table . . . for 300 ft, three times 
the given value, etc. 

The pressure drop is also inversely proportional to the absolute pressure and directly proportional to 
the absolute temperature. 

Therefore, to determine the pressure drop for inlet or average pressures other than 100 psi and at 
temperatures other than 60°F, multiply the values given in the table by the ratio [(100 + 14.7)/(P + 14.7)] 
[(460 + t)/520] where P is the inlet or average gauge pressure in pounds per square inch, and f is the 
temperature in degrees Fahrenheit under consideration. 

The cubic feet per minute of compressed air at any pressure is inversely proportional to the absolute 
pressure and directly proportional to the absolute temperature. 

To determine the cubic feet per minute of compressed air at any temperature and pressure other than 
standard conditions, multiply the value of cubic feet per minute of free air by the ratio [14.7/(14.7 + P)] 
[(460 + £)/(520)]. 

Calculations for Pipe Other than Schedule 40 

To determine the velocity of water, or the pressure drop of water or air, through pipe other than 
Schedule 40, use the following formulas, v, = va(da/d;), AP, = AP,o(dy/d,)°, where v = velocity, ft/s; 
d = internal diameter of pipe, in; AP = pressure drop, Ib/in?. 

Subscript a refers to the schedule of pipe through which velocity or pressure drop is desired. Subscript 
40 refers to the velocity or pressure drop through Schedule 40 pipe. 

Source: Ref. 7. 
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je 90 ft 
(27.43 m) 
D q l 
FIGURE B8.18 Reference for sample problem B8. 2. 


m = 72,000 Ib/hr = 20 lbm/sec 
To = 120°F = (460 + 120) = 580°R 
po = 600 psig = 614.7 psia (assumed atmospheric pressure of 14.7 psia) 


Internal pipe diameter D = 4.026 in (A = 0.0884 ft’). 
Critical pressure at the pipe discharge (see Fig. B8.18) is found by using Eq. 


(B8.25): 
om | 28m ; 
P Mauri ts 
PE 20 (2) (53.3) (580) 
~ 0.0884 (32.174) (1.4) (2.4) 


= 5410.35 Ib;/f = 37.57 psia 


The line is choked because p* > Pamp = 14.7 psia. Pipe f(L/D), from choked 
exit to the valve discharge, is calculated by assuming complete turbulence of flow. 
From Ref. 7, for a commercial steel pipe: 


. 1 12. 
Z 2 ODI = Gans 
D 4.026 


and the friction factor f = f; = 0.017. Then the value of (f L)/D, counting from 
the choked pipe exit to the valve outlet is: 


L (90) (12) 
f—=0.017 = 4.5604 
D 4.026 


Using a computerized method (for example the Newton-Raphson method) of 
solving Eq. (B8.28) (notice that for Ma = 1 at the pipe discharge, the second term 
on the right hand side of Eq.(B8.28) is zero), with k = 1.4, having on the left side 
of this equation the above calculated (f L)/D = 4.5604 and changing the Mach 
number, the value of Mach number for air entering the pipe, which satisfies the 
equation, is found to be: 


Ma = 0.317 
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Substituting this Ma value into Eq. (B8.26) results in 
Z = fp = 34193 
and finally: 


pi = p* (4) = (37.57)(3.4193) = 128.46 psia (8.86 bar) 
p* 


Fanno line tables for k = 1.4 (Table B8.12) may be used instead, but this 
procedure would require cumbersome interpolations. Also, note that in Ref. 11 
(the source of Table B8.12) the Fanning friction factor is used, which is four times 
less than that of D’Arcy-Weisbach. This is the reason why Table B8.12 uses 4 fLinax/ 
D) value in the last column. 


Problem B8.3. Twice as much flow rate must be released from the tank described 
in Problem B8.2. Check if the piping is adequate. 


p* = (2)(37.57) = 75.14 psia 
Then, 
Pi = (75.14)(3.4193) = 256.93 psia (17.72 bar) 
The piping is still adequate because the calculated p; < 0.5 po. 


Problem B8.4. Keep the mass flow as in Problem B8.2, but double the length of 
the pipe. Check the pressure p: 


fL/D = (2)(4.5604) = 9.1208 
at this f L/D, 
(pi/ p*) = 4.4854 
Ma = 0.243 


and 
pi = (7.57) (4.4854) = 168.52 psia (11.62 bar) 
which means that the line size is sufficient. 


Problem B8.5. For the same mass flow and the same pipe as in Problem B8.2, 
assume that the air temperature in the vessel t; = 500?F (260°C). 


€ (2)(53.3)(460 4- 500) 
~ 0.0884 V (32.174)(1.4)(2.4) 


= 6960.97 Ib;/f? = 48.34 psia 
pi = (3.4193)(48.34) = 165.29 psia (11.40 bar) 


The line size is sufficient. 
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Problem B8.6. For the same mass flow and the same pipe as in Problem B8.2, 
use the pipe diameter of 2 in (Schedule 40) and calculate p;. 
D = 2.067 in (A = 0.0233 ft”) 
0.0884 


* = 37,57 —— = 142.54 psi 
P 0.0233 ind 


(90)(12) 


L 
— = (0.019) —— —— 
fp ( ) 2.067 


= 9.9274 
Then 


(p/p*) = 4.644 
Ma = 0.235 
and 
pi = (142.54)(4.644) = 661.96 psia (45.64 bar) 


The calculated pressure p, is too high. It is even higher than the pressure po 
within the vessel. This line cannot be used for releasing the required flow. 


Problem B8.7. For the same flow and the same pipe length as in Problem B8.2, 
use the pipe diameter of 8 in (Schedule 40), and calculate p;. 


D — 7.981 in (A = 0.3474 ft’) 


f = fr =0.014 
ee: pn ee 
m y i a S1 
P 0.3474 psia 


Because p* < Pam, the line is not choked. To calculate the pressure p; after the 
valve, the additional length, Laaa, of the pipe, required for choked conditions at the 
exit, should be calculated first. 

Assuming 


Damb — Patm — 14.7 psia 


14. 
Pam 17 005376 
p* 9.56 


From Fanno line tables, for (p/p*) = 1.5376, the following is found for the 
existing pipe outlet 


f Laaa/ D = 0.2467 
Ma — 0.6814 
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Therefore, 


n ~  (6.014)(12) 


hars = 11.72 ft 


and the fictitious pipe length from the choked pipe exit to the valve outlet 
Lect = 90 + 11.72 = 101.72 ft 


The corresponding (f L/D); value, starting from the choked exit to the valve, is 


LN — (0.014)(101.72)(12) 
(5 TE 7981 


= 2.1412 


For this (f L/D), the following is obtained from the Fanno line computerized 
calculation, similar to that explained in Problem B8.2 (or from Fanno line tables 
for k = 1.4): 


(p/p*) = 2.6306 
Ma = 0.4096 
Therefore, 


pi = (9.56)(2.6306) = 25.15 psia (1.73 bar) 


SINGLE-PHASE FLOW IN NOZZLES, VENTURI 
TUBES, AND ORIFICES 


Theoretical Background 


Liquid Service. A nozzle or an orifice in a tank or reservoir may be installed in 
the wall (Fig. B8.19) or in the bottom. 

In the case of a nozzle, the fluid emerges in the form of a cylindrical jet of the 
same diameter as the throat of the nozzle, but in the case of a sharp-edged orifice, 
the jet contracts after passing through it, attaining its smallest diameter (vena 
contracta) and greatest velocity some distance (about one-half of a diameter) down- 
stream from the opening. When installed in the bottom, the distance z from the 
opening in the bottom of the tank to the liquid free surface must include the length 
of a nozzle or the distance of the vena contracta from the bottom of the tank. The 
ratio of jet area A, at vena contracta to the area of an orifice A is called the 
coefficient of contraction C.. 


C, = Ao/A (B8.34) 
For a nozzle C, = 1. 


Bernoulli’s equation [(Eq. B8.12) without H, and Hj] applied from a point 1 on 
the free surface to the center of the vena contracta, point 2, yields the following 
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ORIFICE 'NOZZLE 


FIGURE B8.19 Typical nozzle and orifice. 


expression for the theoretical (no friction) discharge velocity of fluid at the vena 


contracta (w, = 0) 
29. : 
m= y (n -p+ 23 ft/s (B8.35) 


€ 


where p; and p; are absolute static pressures (Ib;/f?) at the free surface in the tank 
and in the vena contracta respectively. If the fluid is discharged to the atmosphere, 
pə is the atmospheric pressure. For open vessels p, = po. 

Hydraulic engineers sometimes prefer to use the following version of Eq. (B8.35): 


w = 4/2¢ (a6 $ :) ft/s (B8.36) 


Equation (B8.35) or (B8.36) describes the theoretical velocity because the pressure 
losses between the points 1 and 2 were neglected. The ratio of actual velocity w, 
to the theoretical velocity w, is called the velocity coeffficient C,. 

The actual volumetric discharge rate from the orifice is the product of the actual 
velocity at the vena contracta and the area of the jet at the vena contracta. Using 
the just-described coefficient of contraction C,, the mass flow rate from the opening 
may be calculated from the following expression 


m = C,C.Apw» (B8.37) 
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where 
C; CC; (B8.38) 


is called the discharge coefficient. 


RESERVOIR A | RESERVOIR B 


FIGURE B8.20 Typical submerged nozzle or 
orifice 


The velocities and quantities of liquid discharged from a submerged orifice or 
nozzle (Fig. B8.20) are determined by the same formulas as just presented. The 
different symbols in Eqs. (B8.35) and (B8.36) are understood in this case as follows: 


QA Immersion depth of the center of the opening relative to the free 
liquid level in reservoir A, ft 

Pi = pA Static pressure at the free surface A in reservoir, Ib;/ft? 

p2 = pa + 8PZB Static pressure in the vena contracta jet, Ib; /ft? 


It is preferable that the actual coefficient of discharge C, of an orifice or a nozzle 
be determined by calibration. Such calibration should encompass the entire range 
of flow rates to be experienced. If an orifice or a nozzle is manufactured according 
to the ASME specification (Ref. 13), then the appropriate values of C,, as described 
in Ref. 13 may be used for flow rate calculations. 

Consider now a flow nozzle installed in a horizontal pipe (Fig. B8.21), where 
Zi = z; = const. Because with an incompressible fluid (i.e., a liquid) the temperature 
does not change, the density is constant. Thus, the continuity equation becomes 


aD? _ zd? B8.39 
WE do o de cu. (B8.39) 


and the Bernoulli equation applied from Section 1 to Section 2 is 


2 2 
M qc (B8.40) 
28e p 2gc p 
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FIGURE B8.21 Flow nozzle in a pipe. 


Substituting w; from Eq. (B8.39) into Eq. (B8.40) the following expression for the 
theoretical velocity w; is obtained (no friction): 


pı — p2 


Wy = 4] 2g ft/s (B8.41) 


1 — pt 
where 6 = d/D, and the approach velocity factor, Fwa, is 


l 


Fp =m 
wa 1— g^ 


(B8.42) 


Because most materials expand or contract as their temperature changes, an area 
factor F, (Fig. B8.22) for the thermal expansion of the primary element (nozzle or 
orifice) must be introduced in order to find an actual flow area. In general, the 
actual flow rate is less than the theoretical flow. Therefore, to obtain the actual 
flow, the discharge coefficient C, must be introduced (empirical value) into the 
theoretical Eq. (B8.41): 


actual flow rate 


a = ————————— (B8.43) 
theoretical flow rate 
Thus, the actual mass flow rate through a flow nozzle is 
m= F, A2pCaw2 (B8.44) 


Equation (B8.44), which was derived for a flow nozzle, holds equally well for 
horizontal Venturi tubes and for orifices. The following factor is frequently used 
in calculations and is called the flow coefficient: 


=i 
VI- P 


The values of C, and C are different for each different type of primary element: 
Venturi tube, flow nozzle, and orifice. Also, with flow nozzles and orifices, the 


C= (B8.45) 
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A Bronze 4-0% tin 

B 300 Series SS 

C Monel 

D O2-11% C Steel 
5% Chrome mol 
410-430 SS 
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FIGURE B8.22 Area factors, F,, for the thermal expansion of primary elements. (From Ref. 13.) 


values depend upon the locations of the pressure taps; and, with the orifice, the 
values differ with the type of inlet edge, whether square and thin or rounded. 

Values of C for long-radius nozzles and square-edged orifices are available in 
Ref. 7. For a classical Venturi tube, the discharge coefficients C, are”: 


Ca 
Rough-cast entrance cone 0.984 
Machined entrance cone 0.995 
Rough-welded sheet metal entrance cone 0.985 


Each obstacle in a flow path generates a permanent pressure drop Ap,. The 
pressure profile in a pipe due to an orifice insertion is shown in Fig. B8.23. 

The permanent pressure loss through a primary element of a flowmeter, with 
an orifice, a nozzle, or a Venturi tube, is shown in Fig. B8.24. The Venturi tube 
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FIGURE B8.23 Pressure profile in a pipe with 
an orifice. (From Ref. 15.) 


has a low overall loss due to the gradually expanding conical section, which aids 
in efficient reconversion of the high kinetic energy at the throat into pressure. 


Steam and Gas Service. Because the static head is not considered in gas systems, 
there is no need to distinguish the case of outflow from a reservoir from that of 
flow in a pipe. 

Consider the flow of a perfect gas through a converging nozzle (Fig. B8.25). By 
applying Eqs. (B8.7) and (B8.8) to the inlet and outlet of a nozzle, and neglecting 
potential energy, the following result is found for an insentropic flow: 


Was = w/28eJ (ho — hos) (B8.46) 


where hg is the stagnation enthalpy at the nozzle inlet [see Eq. (B8.9)]. 

If there are no losses due to friction or heat transfer, the change of state of a 
gas is isentropic (s — const), and using the gas properties relationships (Ref. 2, 
typical), Eq. (B8.46) yields: 


i 
Wis = — (: = x) (B8.47) 


or 


k pj D 
Was = 4128c—— Povo | 1 — a (B8.48) 
x 0 
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FIGURE B8.24 Permanent pressure loss through primary elements of flowmeters. (From Ref. 13.) 


which was first derived by De St. Venant and Wantzel in 1839. Equation (B8.48) 
is written in terms of inlet stagnation conditions, where: 


(B8.49) 
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FIGURE B85 Fluid flow in a converging nozzle. 


and for an isentropic process of a perfect gas: 


TA ED 
Po = pi (2) (B8.50) 


The mass flow rate of a gas through the cross section area A, can be calculated from: 


Anwas 
ne =A ES Tb ys (B8.51) 
V2s Vo 
where 
k 2/k (k4-D/k 
Y, = oy —— (2) » (2) (B8.52) 
k—1]|\ Po Po 


Figure B8.26 shows the mass flow rate m plotted against p;/po for a specified gas 
which is characterized by its k = c,/c, value. The flow rate becomes zero when (p;/ 
Do) = 1. As the pressure p; decreases, the flow rate increases to its maximum value 
at p*/py (critical pressure ratio). At (p;/po) < (p*/po), Eq. (B8.51) predicts decreasing 
flow to zero at (p;/po)) = 0. However, experiments show that in a flow through a 
convergent nozzle, the pressure at the exit cross section A, cannot fall below the 
value of p* and the flow rate does not change, no matter how low the backpressure 
p». At the critical pressure ratio the mass flow rate reaches its maximum value and 
the flow is said to be choked. The maximum flow rate at the choke point is called 
the critical flow rate. Critical or mass limiting flow is characteristic of compressible 
fluid systems. 
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THEORY 
| 69 EXPERIMENTS 
m, MAX 


Po = Const Rp 
Ag = Const 


FIGURE B8.26 Mass flow rate versus p2/po ratio, and the pressure 
distribution within the nozzle versus p>. 


The value of the critical pressure ratio (p*/po) may be found from the follow- 
ing conditions: 


dm; dW, 


Oe = EN IBN B8.53 
d(p2/ po) d(p2/ po) ) 


Applying this condition to Eq. (B8.52) leads to the critical pressure ratio: 
k 
p* 2 P 
B.——- (a) (B8.54) 
Po k+1 


where py is described by Eq. (B8.50). Then, substituting the critical pressure ratio 
for p./po, Eq. (B8.52) yields: 


k+l 


2 Pd 
Ws max = ck | — B8.55 
: 8c ( Exi ) ( ) 
and the corresponding maximum flow rate is 
Ms max = A2 Us max m (B8.56) 
Vo 


For (p2/po) > p*/po, the mass flow rate must be calculated from Eq. (B8.51) or 
by the simplified equation presented by Bendemann in 1907. It was proved by 
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Bendemann that the arc AC in Fig. B8.26 can be replaced with a high degree of 
accuracy by a quadrant of an ellipse: 


f 2 Po _ gA? 
( ) ET A =i (B8.57) 


The remaining thermodynamic parameters (in addition to the critical pressure 
p*) at the nozzle throat, corresponding to the maximum flow rate of an ideal gas, 
are the following: 


1. Temperature may be determined by using the relation (see Ref. 11): 


T* 2 
—— (B8.58) 
To k+l! 


For T, see Eq. (B8.49). 


2. Specific volume may be calculated from another relation for an isentropic 
expansion 


* k l 1/(k—1) 
KAT (=) (B8.59) 


3. The gas velocity may be calculated from the following expression 


W2 max = Os / PoYo (B8.60) 
where 
k 
as = Mer (B8.61) 
Because povo = RT), also 
Wo max = &s Y RTo (B8.62) 


It will be observed that for the same perfect gas (a,, R) the maximum velocity 
depends only upon its initial stagnation temperature (before a nozzle). It can be 
shown that Eq. (B8.60) or (B8.62) represents a velocity of sound in the choked 
exit plane of a nozzle: 


Womax = V gk RT* = V gekp*v* =c (B8.63) 


The ASME report on fluid meters (Ref. 13) presents slightly modified equations 
which are more suitable for precise differential-pressure flow-metering techniques. 
See this document for procedures and more information about flow measurement 
using orifices, nozzles, or Venturi tubes. 

Sample problems concerning ASME fluid meters may be found in Refs. 13 and 14. 
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Applications: Flow Restriction 


Flow-restricting orifices are used where a continuous small flow of fluid (bleeding) 
is required. Flow-restricting orifices are usually not designed according to require- 
ments of the ASME specification for fluid metering devices. In most cases, they 
are round openings drilled in an orifice plate. Their fluid entrance may be sharp- 
edged, beveled, or well-rounded. 

It is suggested that reasonably accurate approximations in flow rate estimations 
may be obtained by using equations presented in the last subsection. If the entrance 
is well-rounded, C values would tend to approach those for ASME nozzles, whereas 
openings with square entrances would have characteristics similar to those for 
square-edged ASME orifices. The minimum allowable orifice size should be Mc in 
to prevent clogging. The recommended thicknesses of orifice plates for carbon steel 
or chrome-moly steel are given in Table B8.15. 


Applications: Fluid Flow Metering 


Recommended conditions, procedures, and data for measuring the flow of fluids, 
particularly with the three principal differential-pressure meters—the orifice, the 
flow nozzle, and the Venturi tube—are presented in the ASME test codes. ^" 


Applications: Sample Problem B8.8'* 


This could be a model for important safety related calculations. 

Air is contained in a vessel having a volume of Vess = 80 f? (2.27 m°). The initial 
state of the gas in the vessel corresponds to its pressure of pọ = 250 psia (17.24 
bar), and its temperature of tr = 70°F (21.11°C). The gas line of internal diameter 
d = 1 in (25.4 mm) broke off completely at the nozzle (well-rounded inlet) and air 
started to leak into the surroundings at the atmospheric pressure of Pam = 14.7 
psia (1.01 bar). Assume that due to a slow process of air expansion in the vessel, 
while the pressure within the vessel drops, its temperature remains constant (the 
vessel is not insulated, and air is absorbing heat from surroundings through the 
vessel walls). Also, assume that the air expansion in the nozzle is isentropic. 

Calculate: 


1. Time t, required to reach the pressure p, = 50 psia (3.45 bar) within the vessel 


2. Time t; required to reach the pressure pg = 20 psia (1.38 bar) within the vessel 
Solution: 
1. For air (k = 1.4), the critical pressure ratio [Eq. (B8.54)] is 
Bs = 0.5283 
At the end of the time period t, the nozzle pressure ratio is 


MET 
Pam L EL 0.294 < 0.5283 
PA 50 


TABLE B8.15 
Differential Pressures Across the Orifice Plate. Plate Material: Carbon Steel or 
Chrome-Moly 


Pressure, psi 


Restriction Orifice Plates: Pressure-Temperature Ratings. Allowable 


Orifice 
Pipe plate Plate thickness, in 
size, OD, Temp. 
NPS in ?F Vs in 94e in l4in 54e in 95 in "Ae in loin 
300 333 748 1330 2078 
1% 2% 600 283 637 1133 1770 2549 — — 
900 149 335 596 932 1342 1826 2385 
300 214 482 857 1339 1928 2624 — 
2 3% 600 182 411 730 1140 1642 2235 — 
900 96 216 384 600 864 1176 1536 
300 146 329 585 914 1316 1791 2339 
2% 4% 600 125 280 498 778 1121 1525 1992 
900 66 147 262 410 590 803 1049 
300 99 222 395 616 888 1208 1578 
3 5 600 84 189 336 525 756 1029 1344 
900 44 99 177 276 398 542 707 
300 59 134 239 373 537 731 955 
4 6346 600 50 114 203 317 457 623 813 
900 26 60 107 167 241 328 428 
300 28 62 110 172 248 337 440 
6 8% 600 23 53 94 147 211 287 375 
900 12 28 49 TI 111 151 197 
300 16 37 65 102 146 199 260 
8 10% 600 14 31 55 86 125 169 221 
900 T 16 29 46 66 89 117 
300 10 24 42 65 94 128 167 
10 1234 600 9 20 36 56 80 109 142 
900 5 11 19 29 42 57 75 
300 7 17 30 46 67 91 119 
12 15 600 6 14 25 40 57 78 101 
900 3 7 13 21 30 41 53 
300 6 14 25 39 55 76 99 
14 16% 600 5 12 21 33 47 64 84 
900 3 6 11 17 25 34 44 
300 5 11 19 30 42 58 76 
16 18% 600 4 9 16 25 36 49 64 
900 2 5 9 13 19 26 34 
300 4 8 15 23 34 46 60 
18 21 600 3 a 13 20 29 39 51 
900 2 4 7 10 15 20 27 
300 3 7 12 19 27 37 48 
20 23 600 3 6 10 16 23 32 41 
900 1 3 5 8 12 17 22 
300 2 6 10 16 22 3T 40 
22 25 600 2 5 9 13 19 26 34 
900 1 3 4 7 10 14 18 
300 2 5 8 13 19 26 34 
24 27A 600 2 4 7 11 16 22 29 
900 1 2 4 6 8 12 15 


Temperature conversion: tc = (tr — 32.0)/1.8 
1 inch = 25.4 mm 


For pressure conversion see Table B8.1. 


Source: 


Stone & Webster. 
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and therefore Eq. (B8.56) is here applicable. This means that the decrease in 
mass inventory of air in the vessel in time interval t, may be expressed by the 
following differential equation: 


p 
VRTo 


Under assumption of T, = const, the following is also true (the Clapeyron 
equation): 


dm = —Ms max dt = — WV; max A2 dt (a) 


V 
dm - vess (b) 
RTo 
Then, from Eqs. (a) and (b), the following is derived: 
V d 
dt =— vess p (c) 


V max A2 RTo p 
For k — 14, Eq. (B8.55) yields 
Ws max = 3.8839 


The nozzle flow area is 


a 
ay = 0.00545 f? 


For air R = 53.35 (Ib;- ft)/(Ib,, °R). Then, substituting all partial results into 
Equation (c), the following is found: 


dt — 90 IP _ 59.476 2? 
(3.8839) (0.00545). /(53.35) (460 + 70) p p 


and after integration: 
250 
ta = 224761n Z = 22 4761n (=) = 36.17 $ 
DA 50 


2. As long as the pressure in the vessel is higher than 


Patm E 14.7 
B. 0.5283 


Piim = — 27.825 psia 


the air flow through the nozzle may be calculated by using Eq. (B8.56). For 
lower pressures in the vessel, however, the flow rate may be determined by using 
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Plin = 27.825 psia 
(1.92 bar) 


Py = 250 psia 
(17.24 bar) Pj = 50 psia 
(3.45 bar) 


Py = 20 psia 
(1.38 bar) 


FIGURE B8.27 Various time intervals before reaching the final pressure pg within the vessel. 


Eq. (B8.57). Therefore, the time interval before reaching the pressure pg should 
be divided into two steps (see Fig. B8.27). In the first step, the above written 
Eq. (c) is still valid. For this step: 


250 
27.825 


th = 22.4761n ( ) = 49.35 s 


For the second step the following differential equation holds [see Eq. (B8.56) 
and the Bendemann ellipse Eq. (B8.57)]: 


2 
P Pam — Zr] 
dm = — Y, max A dt (d) 
me RS | pu - By) 
Then, combining Eqs. (b) and (d), the following is found: 
d 
dt — -22416— — 5 —— (e) 
E: = Ap] : 
pii | Em — P 
p — Bs) 


and after integration: 


ty = ~22.476 EX —(b + 2apg) gine Mecum 
: © vzal Bae dae 
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where 
gis Pe Lec (g) 
(= 8}? 
b= rm, = 10,052 Ib;/f (h) 
2 
c= - herd = —20, 138,536 (Ib;/f? )? (i) 


After substituting items (g), (h), (7) into Eq. (f), the following time interval is 
found: 


t% = 7.66 s 


Therefore, the total evacuation time from initial pressure in the vessel, pọ = 250 
psia (17.24 bar) to pressure pg = 20 psia (1.38 bar) is equal to 


fg = th +t) = 4935 +7.66 = 5101 s 


For those who prefer to work with computers instead of solving differential 
equations, there is an option of solving this problem by using numerical analysis. 
Choosing a sufficiently small time step, and in each step balancing the system 
thermodynamically, while the outflow progresses (DO LOOP), the time of reaching 
the critical pressure ratio (or any pressure within the vessel) may be monitored by 
using appropriate WRITE statements. 


STEADY TWO-PHASE FLOW 


Introduction 


A phase is simply one of the states of matter and can be either a gas, a liquid, or 
a solid. The general subject of two-phase flow includes gas-liquid, gas-solid, and 
solid-liquid flow. 

The term multicomponent is used to describe flows in which the phases do 
not consist of the same chemical substance. In the petrochemical industries many 
processes involve the evaporation (and condensation) of binary (n — 2) and multi- 
component mixtures. Pure single-component, two-phase flows are those during 
evaporation and condensation of the same chemical substance. For example, steam- 
water flow is a single-component, two-phase flow, while air-water is a two-phase, 
two-component flow. 

The main emphasis of the following presentation is on the two-phase flow of 
water. 


Regimes of Gas-Liquid Flow 


Description. Cocurrent, simultaneous flows of gases and liquids occur in numerous 
components of plant equipment such as steam generators, drain lines, and oil and 
natural gas pipelines. 
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Ever since the earliest visual observations of two-phase flow, it has been recog- 
nized that there are natural varieties of flow patterns. In addition to the random 
character of each flow configuration, two-phase flows are never fully developed. In 
fact, the gas phase expands due to the pressure drop along a pipe leading to a 
modification of the flow structure. The flow pattern depends also upon the geometry 
changes of a flow channel (bends, valves, etc.). Flow patterns will be classified 
according to pipe geometry and flow direction (upward, downward, cocurrent, 
countercurrent), and several shown in Refs. 16 and 17 are discussed in the follow- 
ing subsections. 


Upward Cocurrent Flow in Vertical Pipes. The main flow patterns encountered 
in a vertical pipe are shown in Fig. B8.28.? Bubbly flow is certainly the most widely 
known configuration, although at high velocity its milky appearance prevents it 
from being easily recognized. Bubbles are spherical only if their diameters do not 
exceed 1 mm; whereas beyond 1 mm their shape is variable. Roumy? distinguishes 
two bubbly flow patterns. In the independent bubble configuration, bubbles are 
spaced and do not interact with each other. On the other hand, in the packed 
configuration, bubbles are crowded together and strongly interact with each other. 

Slug flow is composed of a series of gas plugs. The head of a gas plug is generally 
blunt, whereas its end is flat with a bubbly wake. A simple visual observation reveals 
that the liquid film which surrounds a gas plug moves downward with respect to 
the pipe wall. 

Given a constant liquid flow rate, an increase of the gas flow rate leads to a 
lengthening and a breaking of the gas plugs. The flow pattern evolves toward an 
annular flow in a chaotic way. This transition configuration is called a churn flow. 

Dispersed annular flow is characterized by a central gas core loaded with liquid 
droplets and flowing at a higher velocity than the liquid film which clings to the 
wall. Droplets are torn off from the crest of the waves which propagate on the 
surface of the liquid film. They diffuse in the gas core and can eventually impinge 


(a) (b) (c) (d) te) 


FIGURE B8.28 Upward cocurrent flow in a vertical 32 mm diameter pipe. Air-water 
flow pattern: (a) independent bubbles; (b) packed bubbles; (c) slug flow; (d) churn flow; 
(e) annular flow. (From Ref. 18.) 
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(a) ib} 


FIGURE B8.29 Annular flows: (a) dispersed; (b) 
wispy. (From Ref. 19.) 


onto the film surface. Hewitt and Roberts” evidenced the existence of a wispy 
annular flow where the liquid droplets gather into clouds within the central gas 
core (Fig. B8.29). 

Finally, if the wall temperature is high enough to vaporize the film, the droplets 
will constitute a mist flow. Figure B8.30 shows the configurations taken by a liquid- 
vapor flow in a heated pipe as a function of the wall heat flux. The liquid enters 
the pipe at a constant flow rate and at a temperature lower than the saturation 
temperature. When the heat flux increases, the vapor appears closer and closer to 
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Increasing heat flux. ———————3» 


FIGURE B8.30 Convective boiling in a heated channel at a constant liquid flow rate. 
(—) Onset of nucleate boiling; (—— —— ——) end of nucleate boiling; (— :— :—) 
Dryout; (---) limit of the superheated region. (From Ref. 20.) 
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the pipe inlet. The /ocal boiling length is the extent of pipe where the bubbles are 
generated at the wall and condense in the liquid core, where the liquid temperature 
is still lower than the saturation temperature. 

The usual way of presenting results of observations of flow patterns is to plot 
them on a flow regime map. ^ flow map is a two-dimensional representation of 
the flow pattern existence domains. The coordinate systems are different according 
to different authors and, so far, there is no agreement on the best coordinate 
systems. Selecting a series of flow maps is not easy, and no recommendation can 
be made since no method has proved entirely adequate so far. 

Hewitt and Roberts’ map (1969) is the most widely used chart for air-water and 
steam-water flows and is described in Refs. 16 and 17. The steam-water results of 
Bennett et al., are also well represented in the Hewitt and Roberts' diagram (see 
Refs. 16 and 17). 


Downward Cocurrent Flows in Vertical Pipes. So far the most comprehensive 
studies of downward cocurrent flow patterns are due to Oshinowo and Charles." 
These authors distinguish six different flow configurations as shown in Fig. B8.31. 

The downward bubbly flow structure is quite different from the upward bubbly 
flow configuration. In the latter case, bubbles are spread over the entire cross 
section, whereas in the downward flow, bubbles gather near the pipe axis. This 
coring effect is similar to the phenomenon observed in a flow of liquid loaded with 
solid particles whose density is smaller than the liquid density. 

When the gas flow rate is increased, the liquid flow rate being held constant, 
the bubbles agglomerate into large gas pockets. The top of these gas plugs is dome- 
shaped, whereas the lower extremity is flat with a bubbly zone underneath. This 
slug flow is generally more stable than in the upward case. 

The annular configuration can exhibit several aspects. For small liquid and gas 
flow rates, a liquid film flows down the wall (falling film flow). If the liquid flow 
rate is higher, bubbles are entrained within the film (bubbly falling film). When 
liquid and gas flow rates are increased a churn flow appears, which can evolve into 
a dispersed annular flow for very high gas flow rates. 

Oshinowo and Charles proposed a flow map (described in Ref. 17) which was 
obtained from their own experimental data. They studied two-component mixtures 
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(a1 (b) (c) (d) (e) (f) 


FIGURE B8.31 Downward cocurrent flow in a vertical pipe: air-water flow pattern: (a) 
bubbles; (b) slugs; (c) falling film; (d) bubbly falling film; (e) churn; (f) dispersed annular. 
(From Ref. 21.) 
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of air and different liquids flowing in a pipe 1 in (25.4 mm) in diameter at a pressure 
of around 25 psia (1.7 bar). 


Cocurrent Flows in Horizontal and Inclined Pipes. The number of possible flow 
patterns in a horizontal pipe is higher than in a vertical pipe. This is due to the effect 
of gravity, which tends to separate the phases and to create a horizontal stratification. 

Alves? proposed the classification 
shown in Fig. B8.32. In the bubbly flow 
configuration bubbles are moving in the 


n upper part of the pipe. When the gas 
flow rate is increased, bubbles coalesce 
and a plug flow takes place. For low liq- 

(b) (poe oT Le uid and gas flow rates a stratified flow 

— m = |) appears with a smooth interface. At 


higher gas rates waves propagate along 
the interface (wavy flow) and can reach 
(ae the top wall of the pipe, giving rise to a 
te) eet slug flow. Finally, at high gas flow rates 
and low liquid flow rates an annular flow 
can exist, with a thicker film in the lower 
fe ee ee part of the pipe. These flow pattern 
ld) =N names differ depending on the author. 
y As an example, Taitel and Dukler? 
classed plug flows and slug flows under 

——= = - the same category (intermittent flow). 
Figure B8.33 shows the evolution of 
a vaporizing flow in a horizontal pipe. 
The liquid enters the heated pipe with 
a low flow rate and at a temperature 
TE Ute tee ees slightly lower than the saturation tem- 
hare gE ae tee) perature. An important point concerns 
the upper part of the tube, which can 


fe) 


FIGURE B8.32 Flow patterns in a horizontal nad; 
pipe: (a) bubbly. fow: (b) plug fow: (5) stratified dry out periodically and then suffer a 


flow; (d) wavy flow; (e) slug flow. (F) annular sudden increase in wall temperature. If 

flow. (From Ref. 22.) the wall temperature is high enough, the 
wall dries out completely, and the liquid 
droplets form a mist flow. 

The earliest and the most durable of regime maps for two-phase gas-liquid flow 
in horizontal channels was proposed by Baker, as described in Ref. 24. It is commonly 
used specially in petroleum industries. 

Goldmann” converted the Baker plot to a very informative representation of 
flow patterns for an adiabatic (no heat addition) steam-water system as shown in 
Fig. B8.34 for three different pressures. 

Mandhane et al. (see Ref. 17), constructed a flow-regime map based on 5935 
data points, 1178 of which concern air-water flows. Its coordinates are the superficial 
velocities j; and j, (volumetric flow rate of a given phase divided by the total cross- 
sectional area of pipe) calculated at the test section pressure and temperature. 

The general trends of Mandhane’s map were utilized by Taitel and Dukler.” 
They developed a theoretical approach for the prediction of transition between 
flow regimes. This approach also provides considerable insight into the mechanisms 
of the transitions. The generalized flow regime map for a case of horizontal pipes, 
proposed by Taitel and Dukler;?^ is presented in Fig. B8.35. 
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FIGURE B8.33 Evolution of flow pattern in a horizontal evaporator tube: (a) Liquid 
single-phase flow; (b) bubbly flow; (c) plug flow; (d) slug flow; (e) wavy flow; (f) annular 
flow. (From Ref. 17.) 
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FIGURE B8.34 Flow pattern of two-phase flow. (From Ref. 25.) 


Mass flux G = m/A conversion: 1 Ib,/(ft?- h) = 0.0488 kg/(dm?- h). For pressure 
conversion to SI units see Table B8.1. 

The five regimes considered are: intermittent (slug and plug), stratified smooth, 
stratified wavy, dispersed bubble, and annular-annular dispersed liquid flow. The 
condition of stratified flow is central to this analysis. The first step is to define 
boundaries of these flow regimes. On the generalized flow regime map the transition 
boundaries (lines A, B, and D in Fig. B8.35) between different flow regimes are 
found to be functions of h,/D only (see Fig. B8.38). When the theory is solved in 
dimensionless form the following dimensionless groups emerge: X, Y, T, F, and K. 

All dimensionless flow pattern transition criteria are functions of // D, which 
in turn is a unique function of the dimensionless groups X and Y, as shown in Fig. 
B8.36. Thus the transition from stratified to intermittent and to annular-dispersed 
liquid is uniquely determined by three dimensionless groups X, Y, and F. Further, 
for any specified value of Y, the transition is uniquely determined by X and F 
and can be represented on a generalized two-dimensional map. For example, for 
horizontal flow (Y — 0) a series of values of X were selected, and the corresponding 
values of h,/D were determined from Fig. B8.36. Then the value of F required to 
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Generalized flow regime map for horizontal two-phase flow. (Taitel-Dukler, 1976.) 
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FIGURE B8.36 Equilibrium liquid level as a function of the dimen- 
sionless groups X and Y. (From Ref. 26.) 


satisfy the theoretical transition equation given in the references can be calculated. 
The curve describing the relation between X and F, which satisfies this theoretical 
transition equation for horizontal flow, is designated as boundary A in Fig. B8.35. 
The calculation, as above, may be repeated for inclined pipes with other values of 
Y specified, by using the corresponding Y-curve in Fig. B8.36. 

It is suggested that when the equilibrium liquid level in the pipe is above the 
pipe centerline, intermittent flow will develop, and if h,/D < 0.5, annular dispersed 
flow will result. Because transition takes place at constant value of A/D = 0.5, a 
specific value of X characterizes the change in regime for any value of Y (see Fig. 
B8.36). For horizontal pipes (Y — 0), this value is X — 1.6, and this is plotted in 
Fig. B8.35 as boundary B. It was observed during experiments that the A/D at 
transition will vary between 0.35 and 0.5. This band of values is shown by the two 
vertical lines marked B in Fig. B8.35. Visual observations show this transition 
between the intermittent and annular patterns to be a gradual one that is not 
well-defined. 

For values of X on the right of boundaries A and B in Fig. B8.35, waves will 
tend to bridge the pipe, forming a liquid slug and an adjacent gas bubble. At high 
liquid rates and low gas rates, the equilibrium liquid level approaches the top of 
the pipe, as is apparent from Fig. B8.36. With such a fast-running liquid stream the 
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gas tends to mix with the liquid, and it is suggested that the transition to dispersed 
bubble flow takes place when the turbulent fluctuations are strong enough to over- 
come the buoyant forces tending to keep gas at the top of the pipe. The terms in 
theoretical transition equation are again dependent only on h;/D and thus on X and 
Y. For any specific value of Y, a two-dimensional representation for this transition is 
possible, with X and T used as the dimensionless coordinates. It is possible to map 
this transition on Fig. B8.35 by using the common X abscissa and T as an ordinate, 
as shown by curve D calculated for Y = 0. 

To find a flow regime for actually existing pipe flow conditions, the dimensional 
groups X, Y, T, F, and K are calculated from the following equations, and are 
compared with those values in Fig. (B8.35) which correspond to the appropriate 
boundary line. 

Parameter X, the Lockhart-Martinelli parameter 


(dp/dz); 
X = | m B8.64 
| (dp/dz), 


where the quantities (dp/dz), and (dp/dz), are the frictional pressure drops of the 
liquid and gas that would be observed if these fluids were flowing alone in the pipe. 
The value of X can be calculated with the knowledge of flow rates, fluid properties, 
and tube diameter (consult the references). 

Parameter Y, dimensionless pipe inclination parameter (inclination angle B is 
positive for downward flow). Y is zero for horizontal pipes and represents the relative 
forces acting on the liquid in the flow direction due to gravity and pressure drop. 


y — Pf — 09) 8 sin B 
&c(dp/dz), 


Parameter T, dimensionless dispersed bubble flow parameter: transition between 
intermittent (slug/plug) and dispersed bubble regimes 


r= | 8Ps (B8.66) 
(oy — p,)g cos B 


Parameter F, transition between stratified and intermittent or annular-dispersed 
liquid regimes (Froude number modified by density ratio) 


(B8.65) 


Pg Ja 


Pf — Pg N Dg cos B 


Parameter K, (Weber number) dimensionless wavy flow parameter: transition 
between stratified smooth and stratified wavy regimes (not shown in Fig. B8.35) 


F= (B8.67) 


Di, 
Rug E (B8.68) 
Vf 


It is, of course, not necessary to use a flow regime map at all. Given any set of 
flow conditions (gas and liquid rates, pressure, pipe size, and pipe inclination angle: 
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positive for downward flow), the flow pattern that exists for that condition can be 
determined by comparing appropriate calculated parameters with corresponding 
values on the transition lines at evaluated /;/ D, by using hand or computerized 
calculations based on detailed theoretical equations presented in Refs. 23 and 26, 
with the help of Fig. B8.36 or its computerized representation. 


Countercurrent Flow of Steam and Water in Horizontal and Inclined Pipes. 
Countercurrent flow of steam and water may exist only when a pipe does not run 
full. There are two very important areas in a plant design where this kind of flow 
is carefully studied: 


1. Design of self-venting lines where the vapor is not carried down the drainpipe 
with the liquid, but can rise counter to the liquid flow, continuously venting 
the pipe 

2. Initiation of a condensation-induced water hammer in horizontal or nearly hori- 
zontal pipes containing steam and subcooled water 


The stratified countercurrent flow of a gaseous phase and a liquid is governed 
by the open channel flow criterion expressed as a liquid Froude number: 


if 
Fr = —— (B8.69) 
Ved 


The stratified void fraction ao in a circular pipe versus dimensionless vapor gap is 
presented in Fig. B8.37. 

The region of condensation-induced water hammer in horizontal and nearly 
horizontal pipes experiencing the countercurrent flow of steam and subcooled water 
is bound by the absolute stability limit at the lower flow boundary and by the 
pipe-full limit at the upper flow boundary. Bjorge and Griffith presented a one- 
dimensional, stratified model that predicts initiation of a water hammer in those 
important cases.?”* 

Designing self-venting lines is discussed later in this section, while the condensa- 
tion-induced water hammer is described in the later section ““Steam-Condensation- 
Induced Water Hammer." 


Pressure Drop in Gas-Liquid Flow (Nonflashing Flow) 


The evaluation of the two-phase (TP) pressure drop in an evaporating or condensing 
channel or in a geothermal pipeline involves integrating the local pressure gradients 
along the channel length. This local pressure gradient is composed of three terms: 
a frictional term, an accelerational term, and a static head term!6779: 


A APF A A 
ade aua (eS 
AL J 4p AL Jip AL / 1p AL } ap 


Using the separated flow (separated phases) model, these three components are 


respectively given by: 
Apr Apr 
(se ) = 02, (Se ) (B8.71) 
AL /1»p AL Jio 
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VOID FRACTION, o 
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FIGURE B8.37 Void fraction in a circular pipe versus dimensionless 
vapor gap. 


where d» o is known as the two-phase frictional pressure drop multiplier, and (Apr! 
AL)ois the frictional pressure drop calculated from the D’Arcy-Weisbach equation 
for the total flow when the fluid (liquid and steam) is entirely in the liquid phase, 
as described in the section “Steady Single-Phase Incompressible Flow in Piping”: 


^ G? A [x?v, 1 — xv 
BEA. ngu. ve cup er (B8.72) 
AL /yp 8: AL! «a l-g 
where G is the total mass flux, x is the quality, and a is the void fraction; 
A (ou 1—o 
Ga = 5 sing E + | (B8.73) 
AL/z & Vg Vf 


where 6 is the angle of pipe inclination to the horizontal. 

To evaluate the local pressure gradient, expressions are needed for the functions 
Q9 and o. A very large number of correlations have been proposed for these 
functions, and a summary of the better-known correlations is given in Ref. 16. 
Various studies agree that the most accurate correlations for ®*,, are those by 
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Baroczy, Chisholm, and Lombardi. The most accurate void fraction correlations are 
those of Smith, Premoli, and Chisholm, with the latter having the added advantage of 
great simplicity. A void fraction is sometimes expressed in terms of the slip ratio 
S* (ratio of the phase velocity of the vapor to that of the liquid): 


(Ee) o m 
1—-x Pf a 


Baroczy’s correlation is widely used in the United States.” This correlation may 
be considered an extension of that of Lockhart and Martinelli, and of Martinelli 
and Nelson.” Baroczy? used experimental data in adiabatic conditions where the 
acceleration pressure drop is zero (the acceleration pressure drop is important in 
a case of heated channels) and where the gravity pressure drop is either zero 
(horizontal lines) or could be neglected. This correlation is given in two sets of 
curves: 


1. A plot of the two-phase multiplier ®*,5 as a function of the property index 
PI for a fixed mass flux of 10° Ib,,/(ft?-h) [1356 kg/(m?:s)], as shown in Fig. 
B8.38, where: 


_ (pl uuo 


Pr] Dg 


PI (B8.75) 


2. Plots of a correction factor for mass velocity effects, O, as a function of the 
property index and mass flux, are shown in Fig. B8.39. This correction factor 
multiplies 4?; ; whenever G deviates from 10° 1b/(ft - h) [1356 kg/(m?-s)]. Baroc- 
Zy's correction factor for mass velocity effects varies with mass flux in a rather 
peculiar manner. Since several investigators have observed changes in pressure- 
drop behavior characteristics with flow regime, these variations may be related 
to flow pattern changes. 


Baroczy compared his correlation method with experimental data for water-air, 
water-steam, and other liquids including liquid metals, organic oils, and so forth 
over a wide range of conditions and found the agreement good. 


Critical Gas-Liquid Flow ("Flashing" Flow) 


General Remarks. Critical or mass-limiting flow is characteristic of compressible 
fluid systems. In two-phase flow, a maximum or critical flow rate is also observed. 
When fluid travels in a horizontal pipeline its pressure decreases until it reaches 
the pipe exit. If a liquid in the upstream vessel is near the boiling point, its pressure 
in the pipeline may drop below the saturation point, resulting in vapor formation 
(flashing). Therefore, two-phase flow may occur starting from a certain cross section 
in the line. There are cases where fluid entering the pipe may already be a liquid- 
vapor mixture. If the pressure in the downstream receiver is reduced sufficiently 
to cause the flow velocity at the pipe exit to equal that of the speed of sound at 
local fluid conditions, the mass flow rate reaches its maximum value, and the flow 
is said to be choked. The maximum flow rate at the choke point is called critical 
flow rate. 

At the present, there is no general model or correlation for critical two-phase 
flow that is valid for a wide range of pipe lengths, pipe diameters, and upstream 
conditions including subcooled liquid. For these reasons, different models may be 
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FIGURE B8.38 Baroczy frictional pressure drop correlation for G = 1 X 10° lb,,/(ft?-h); (1356 
kg/(m’-s)). (From Ref. 31.) 


more appropriate for designing specific two-phase flow discharge systems. The most 
frequently used models and calculation procedures are described in the following 


subsections. 


Fanno Model (Thermal Equilibrium, Homogeneous). All homogeneous-equilib- 
rium models are based on three assumptions: 


1. There is no slip between phases. 
2. There is thermodynamic equilibrium between the liquid and vapor at all times. 
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FIGURE B8.39  Baroczy correction factor for mass velocity effects. (From Ref. 31.) 
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3. The specific volume is calculated from equation 
y — vp t x(v, — vy) (B8.76) 


Equation (B8.22) represents the Fanno line? for a single-phase compressible 
flow, as a locus of conditions in a pipe of constant diameter. Having fixed w; and 
h; at the starting point, the stagnation enthalpy ho can be calculated. This stagnation 
enthalpy is constant along the length L of the pipe. 

For the two-phase (wet steam) region the following expressions hold 


h-hg-chg, (B8.77) 
y — Vp H XVfg (B8.78) 
S=Sf¢+XS fo (B8.79) 


From Eqs. (B8.22), (B8.77), and (B8.78), the following is found”: 


2 
2x o A ay as 
vy A 3s (v) vt + 2J 8e (2) [yx — hi] 
X^ + 2x | — + Jg.| = > Se 
Vfa m) Voy hx Vig) 
(B8.80) 


Choosing a set of temperatures (or corresponding saturation pressures) below 
T;, the appropriate values of hs, hę, vf, v, are calculated by using steam tables? 
Then, solving Eq. (B8.80) for each pressure, the corresponding steam quality x is 
computed. Each intersection of corresponding x and p values represents the Fanno 
line point on the h-s diagram. The choked condition at the pipe exit is defined by 
maximum entropy: 


ds 
— =0 B8.81 
dh ( ) 


The detailed calculation procedures for finding the static pressure p; at the 
distance L from the choked exit is the same as described in the subection “Adiabatic, 
Constant-Area Flow with Friction." 


Allen Model (Thermal Equilibrium, Homogeneous). Neglecting potential energy 
(elevation term), Eq. (B8.11) applied to the one-dimensional, steady-state flow in 
a channel (no technical work), per unit mass, becomes 


e 
a( =) = —vdp — d'w, (B8.82) 
28c ` 


By using the differential form of the D’Arcy-Weisbach equation for work done 
against fluid friction 


dws = f—— (B8.83) 
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and the differential form of the continuity equation (B8.21) 


dw = (Fey (B8.84) 
A 
the following result is found?: 
- 2 2 
m vdv fy 
d dL} =0 B8.85 
wp (5) G + 2&D ) 


Dividing Eq. (B8.85) by v? and integrating between locations | and x along the 


pipe, it follows that 
m 2 Px . dp 
y 
(=) = Sear (B8.86) 
In Y, + 3D 


A similar equation is presented in the paper by Benjamin-Miller.* 


Px 
FIGURE B8.40 Function (ri/ A)! versus pressure. 


The function (mj/A)' has its maximum value at choked pressure p, = p. as 
illustrated in Fig. B8.40. For a given pipe diameter and piping layout (equivalent 
length L) the choked pressure may be calculated by assuming a friction factor 
and evaluating the integral numerically by taking small pressure increments and 
summing the values Ap/v, where v is the average specific volume within the chosen 
Ap limits. 

To evaluate the average specific volume, the Benjamin-Miller method assumes 
isentropic expansion between pressures p,- and p, while the Allen method assumes 
isenthalpic expansion between those pressures. Allen suggests in his paper that the 
difference in specific volume, whether isenthalpic or isentropic expansion is used, 
will not be large. 

Allen found a simple relationship between critical pressure, initial pressure, and 
the rate of flow: 


m 
pe = = Cap (B8.87) 
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where 


1 fh; =z 2v re ie 
C,- | ( à A) ( Er: ) (B8.88) 
8 \ Pi P2 J Nhga +hyer 


In computing the constant C,, the subscript 1 refers to saturation conditions at 
the source (say drain cooler exit) temperature, and the subscript 2 refers to saturation 
conditions an infinitely small amount below this temperature. Practically, a finite 
interval of one degree less than the temperature at drain cooler exit is recommended 
for use. 

For a given stagnation enthalpy in the upstream source, and for a given mass 
flux m/A, the corresponding pipe exit critical pressure may be found using Fig. B8.41. 

In order to apply Eq. (B8.86) for finding the pressure at the outlet of the control 
valve, or at any distance L from choked pipe exit, the value p, should be replaced 
by the calculated critical pressure p., and Eq. (B8.86) must be solved by trial for 
Pi = pi [convergence on the lower limit of the integral in Eq. (B8.86)]. 

Allen succeeded in writing Eq. (B8.86) in terms of a single variable by expressing 
the specific volume of a mixture in terms of pressure. See Ref. 33 for more details. 


Note: 1 Ib,/(ft - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.41 Pipe exit critical pressures for water-steam mixtures (Allen Model.) 


Moody Model (Thermal Equilibrium, Nonhomogeneous). Moody considers isen- 
tropic expansion of a homogeneous fluid in a converging nozzle (Fig. B8.25). The 
nozzle may be considered as a pipe of diameter D; and length L = 0.9 The two- 
phase flow pattern at the exit is annular with no entrainment, but the exit velocities 
of each phase may differ, resulting in an exit slip ratio. 

The Moody model is based on the same logic as described for the previous 
homogeneous models, the only difference being that average vapor velocity and 
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average liquid velocity are not equal (nonhomogeneous annular flow). Moody 
developed the following expression for G: 


2J gc [ho —hy - HE (so = sp A 


-EE L (B8.89) 
| S7 (s, —59)V f (so—S 7) Vg | 2 [x Sg—So | 2 
2 


Ssg Sf PESE (S) S ge 


Equation (B8.89) shows that G is a function of S* and p; when h and s, are 


known (upstream stagnation properties). The following expression for slip ratio S* 
at the maximum flow rate was found: 


x * Vg i 
S = S= (+ (B8.90) 


Vf 7/2 


which indicates that S* is the function of p; only. Then, for known hy and so, a 
maximum (choke) value of G, is derived from the relation: 


dG Ü 
dp» 
The shape of the G(p,) function is similar to that for homogeneous flow (Fig. 


B8.26). Exit properties for maximum steam/water discharges G,, associated with 
stagnation enthalpies ho, are shown in Fig. B8.42. 


(B8.91) 


Mass flux (G = i/A) conversion : 1 Ib, /(ft - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.42 Exit properties for maximum steam/water discharges (Moody 
Model, from Ref. 29.) 
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For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.43 Pipe maximum steam/water discharge rates (Moody Model, 
from Ref. 29.) 
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Mass flux (G = Àm/A) conversion : 1 Ib, /(ft - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.43 (Continued) 
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Mass flux (G = m/A) conversion : 1 Ib, /(f£ - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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Mass flux (G = À/A) conversion : 1 Ib, /(ft - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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Mass flux (G = m/A) conversion : 1 Ib, /(f£ - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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The thermal parameters of the fluid at a distance L from the choked pipe exit 
are found in a similar way to what is described earlier in the section “Adiabatic, 
Constant-Area Flow with Friction." Computer solution of numerical integration 
of equations developed in Ref. 36 leads to graphs expressing the relation between 
the maximum (critical) two-phase discharge rate G, from uniform pipes and the 
stagnation pressure po, the initial static pressure p,, the fluid enthalpy /,, and the 
pipe characteristics described by f L/D,. They are presented in Fig. B8.43 (taken 
from Ref. 29). Here f is the average D'Arcy-Weisbach friction factor calculated 
for the average liquid Reynolds number; L is the pipe length upstream from the 
choked exit; and Dy = 4 A/(wetted perimeter) is a characteristic linear dimension 
(for flows in pipes of circular diameter it is equal to the pipe diameter). 

References 35, 36, and 37 should be consulted for additional information con- 
cerning the development of the Moody Model. 


Henry-Fauske Model (Nonequilibrium, Nonhomogeneous). The Henry-Fauske 
model is of importance for choked two-phase flow through short pipes, nozzles, 
and orifices, where the fluid transit is short and thermodynamic equilibrium between 
phases cannot be reached. Since the phases have different densities, the pressure 
gradient will also tend to accelerate the lighter vapor phase more than the liquid. 
Itis assumed in this model that at throat the actual fluid quality may be determined 
by introducing a nonequilibrium parameter N. 

For a given stagnation condition of p, and xo the model predicts both the critical 
(choke) pressure and the flow rate. The theory is extended to subcooled inlet 
conditions. The calculated mass fluxes Ġmax corresponding to initial stagnation condi- 
tions po, ho, in the wet steam and subcooled liquid regions, are presented in Figs. 
B8.44 and B8.45 (based on Ref. 30). The figures indicate how the max flux Ginx 
increases with increased pressure p, holding the stagnation enthalpy at the same 
level [say 500 Btu/Ib,, (1163 kJ/kg)]. Steep stagnation pressure lines, especially 
those below 1100 psia (6.89 bar), in Fig. B8.44 indicate extreme sensitivity to the 
fluid enthalpy in determining the mass fluxes at low qualities, near the saturation 
line x = 0. Therefore, a very careful estimation of stagnation conditions ahead of 
a valve, as well as the computerized Henry-Fauske model are helpful in predicting 
reasonable values of mass fluxes in this wet-steam region. It is the responsibility 
of the designer to ensure that his or her evaluation yields conservative results. 

For a specified inlet stagnation enthalpy ho and different stagnation pressures 
Po, the values of G,4, = (m/A),4, and the corresponding choke pressures p, can be 
found, as they are presented in a sample calculation (Table B8.16 and Fig. B8.46) 
performed by using a computer program. 

The Henry-Fauske theory was developed for two-phase critical discharge of 
single-component mixture through convergent nozzles. Because the orifices (e.g., 
valve orifices) cannot be considered as nozzles, a discharge coefficient of 0.84, as 
recommended in Ref. 37, should be applied. More information on this subject may 
be found in Ref. 39. 


Comparison of Results Generated by Different Models. As mentioned in the 
section “General Remarks," there is no general model for two-phase critical flow 
that is valid for all cases of interest. Each model is only applicable for a limited 
range of parameters. The number of critical flow models available may cause some 
apprehension when the task of selecting one is approached. 

In order to facilitate the selection of an appropriate model for a given problem, 
some useful graphs are presented in this subsection. Figures B8.47 and B8.48 show 
the critical (choke) pressure versus stagnation enthalpy for the mass fluxes of 50 
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FIGURE B8.46 Critical two-phase flow by Henry-Fauske. (Line for họ = 1400 kJ/kg, based on 
results from Table B8.16.) 
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TABLE B8.16 Computer Printout for Nozzle Inlet Stagnation Enthalpy họ = 687.88 
Btu/Ib,, (1400 kJ/kg) and Various Inlet Pressures py (PZERO). Here: Ġma = 
GMAX, pc = PC 


HENRY-FAUSKE 2-PHASE CRITICAL FLOW 


HZERO = 1400.00 kJ/kg 


PZERO GMAX PC 
bar kg/ (dm2.s) bar 
95.000 502.881 73.694 
90.000 437.758 69.825 
85.000 384.717 65.869 
80.000 340.122 61.855 
75.000 301.699 57.806 
70.000 267.947 53.740 
65.000 239.840 49.304 
60.000 2154553 44.587 
50.000 169.878 35.748 
40.000 128.020 27.651 
30.000 90.228 20.150 
20.000 56.349 13.121 
10.000 26.227 6.445 
5.000 12.579 3.206 
2.000 4.883 1.283 


NOTE: 1 kg/(dm?.s) = 0.01 kg/(m*.s) = 20.48 Ib,,/(ft^.s) 
For pressure, and enthalpy conversions to other units see TABLES B8.1 and B8.3. 


Ib,,/(ft?-s) [244.12 kg/(m?-s)] and 600 Ib,,/(ft?-s) [2929.46 kg/(m?-s)]. The curves 
marked by F, A, M, and H-F represent the values corresponding to the following 
models respectively, Fanno, Allen, Moody, and Henry-Fauske. Figures B8.49 to 
B8.52” represent a comparison of critical flow rates predicted by various models 
and their relations to experimental data (also see Ref. 37 and 38 on this subject). 
The following conclusions can therefore be made: 


1. A homogeneous equilibrium theory (Fanno model, Benjamin-Miller model, Al- 
len model) may be used to predict critical flow rates from long pipes (L/D = 
40). This theory provides a lower bound to all presented experimental data. It 
is generally recognized, however, that this theory underestimates the choked 
mass flux at low pressures and qualities. As the pressures and qualities increase, 
the accuracy of the answer improves." 


2. The Moody model predicts flow rates higher than those observed for stagnation 
qualities above 0.01; thus being conservative, it is recommended for U.S. water- 
reactor licensing calculations (e.g., loss-of-coolant accident —LOCA). It should 
be explained here that the computer program RELAP4/MODS? is a part of 
the Nuclear Regulatory Commission's (NRC) water reactor evaluation model 


Mass flux (G = m/A) conversion : 1 Ib,/(f£ - s) = 4.88 kg/(m? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.47 Predicted critical pressure versus stagnation enthalpy. Mass flux = 
50 Ib,/(ft s). (Stone & Webster data.) 
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FIGURE B8.48  Predicted critical pressure versus stagnation enthalpy. Mass flux — 
600 Ib,,/(ft?-s) (Stone & Webster data.) 
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Mass flux (G = m/A) conversion : 1 Ib, /(ft2 - s) = 4.88 kg/(n? - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.49 Comparison of critical flow models with data for pọ = 100 psia (6.9 
bar). (From Ref. 40.) 
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FIGURE B8.50 Comparison of critical flow models with data for pọ = 500 psia (34.5 bar). 
(From Ref. 40.) 


B.443 


Mass flux (G = m/A) conversion : 1 Ib, /(f - s) = 4.88 kg/(m2 - s) 
For pressure and enthalpy conversions to SI units see Tables B8.1 and B8.3. 
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FIGURE B8.51 Comparison of critical flow models with data for pọ = 900 psia (62 bar) 
(From Ref. 40.) 
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FIGURE B8.52 Discharge of saturated water through orifices, nozzles, 
and pipes. (From Ref. 40.) 
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(WREM ). The critical flow model criterion of the WREM specifies use of the 
Henry-Fauske model in the subcooled region and the Moody critical flow model 
in the saturated region. To effect a smooth transition, therefore, the first point 
in the Moody critical flow tables has been placed in the last portion of the table 
for the Henry-Fauske critical flow model extended into the subcooled region. 
This limitation of the subcooled Henry-Fauske table should be realized during 
RELAP4 calculations. 


3. The Henry-Fauske model is in reasonable agreement with short pipe (L/D < 
5) and nozzle data for qualities greater than 0.001. Below this limit, however, 
agreement is less satisfactory, and the model underestimates the flow of saturated 
water through orifices by about 50 percent. 


Applications 


Design Considerations. Very often, severe problems can occur if slug flow is 
present in the pipeline. A number of circumstances will lead to the generation of 
slug flow. For instance, if an oil-gas mixture flows along a pipe on the seabed and 
then rises to a platform level up a vertical pipe, the liquid may collect upstream of 
the bend until it reaches a given level, at which point it is swept up the vertical leg, 
giving rise to mechanical problems in the platform equipment. In power plants, a 
similar phenomenon may occur in a pocketed line. Also, slug flow causes pressure 
fluctuations in piping, which can upset process conditions and cause inconsistent 
instrument sensing. 

Existence of two-phase flow in a pipeline may also cause more severe fluid 
transient problems than occur in a single-phase condition. Should a two-phase flow 
condition be unavoidable in the system operation, the impact of two-phase flow 
transient condition should be taken into consideration in system design and piping 
support evaluation. 

Slug flow can be avoided in piping by (1) reducing line sizes to the minimum 
permitted by available pressure differentials to achieve a safe mass flow rate, as 
indicated in Fig. B8.34; (2) designing for parallel pipe runs that will permit increasing 
mass flux per pipe at low load conditions by removing one pipe from service; or 
(3) arranging the pipe configurations to protect against slug flow (for example, in 
a pocketed line where liquid might collect and slug flow develop). 

Slug flow will not occur in gravity-flow lines when appropriate venting is provided. 
Figure B8.53(a) shows a sketch of a non-self-venting gravity drain from a tank 
where the drain runs full; hence it requires a separate vent line. Figure B8.53(b) 
shows the typical design of a self-venting gravity drain which does not require a 
vent, but which usually has a separate vent line to maintain continuous drainage 
during plant transients. A hard-tee connection (i.e., flow through the branch) at a 
low point can provide sufficient turbulence for more effective liquid carryover. A 
diameter adjustment coupled with gas injection can also alter a slug-flow pattern 
to bubble or dispersed flow. Gas addition, however, when used solely to avoid slug 
flows, can be expensive. 

The design of the transmission and distribution network for large district heating 
systems often represents more than half of the total investment cost and therefore 
is of vital importance to the economics of the system.? However, it must represent an 
optimized balance between economics and reliability of supplying heat to customers. 
From the distribution point of view, the temperature level of hot water in the 
district heating system should be as high as possible. The flow rates of hot water 
will then be reduced, the pipe sizes minimized, the pumping cost reduced, and 
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vent 


(a) 


FIGURE B8.53 Drain system requirements: (a) design of non- 
self-venting gravity drains; (b) design of self-venting gravity drains. 


the heat exchangers in the subscriber's substation will be smaller. The required 
temperature of the domestic water sets the minimum-possible supply temperature 
at 160 to 180°F (70 to 80°C). Pressure level at all points in the transmission and 
distribution network must always be so high that dangerous flashing or creating 
steam pockets will be avoided. The lowest-possible pressure in the system is there- 
fore determined by the maximum hot water temperature and the minimum static 
head within the network (highest elevation). 


Sample Problems B8.9 and B8.10 


Sample Problem B8.9 (Self-venting line). To illustrate the design of a self-venting 
line, an example of calculating the diameter and minimum slope required to dis- 
charge 362,000 Ib,,/h (164,200 kg/h) of 200°F (93.33°C) water (approximately 750 
gpm) into a tank at ambient pressure is presented. 

A properly designed drain line with gravity flow will be self-venting if the liquid 
Froude number (dimensionless parameter), Eq. (B8.69), is less than approxi- 
mately 0.39: 


7 x03 (a) 
<0. a 
S 
where g — 32.174 ft/s? (9.80665 m/s?) acceleration due to gravity 
D = inside pipe diameter, ft (m) 
w; = velocity the liquid would have in the pipe flowing full with the given 
flow rate, ft/s (m/s) 


Fr= 
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|. (862,000 Ib, /h) (0.016637 fÜ /Ibm) 


Wi = 
(3,600 s/h) Gr D?/4) 
2.131 
Wy -— E; (b) 
Substituting (b) into (a) yields: 
wL 2.131 


0.3 > > 
VgD ~ D?/32.174D 


or: 


D? = 1.251, and the diameter of the self-venting line should be 
D = 1.094 ft = 13.13 in 


Use 14-in Std. pipe; inside diameter D = 13.25 in 

The minimum slope of a self-venting line may be calculated on the basis of 
an assumption of constant depth of water in the line. Assuming this depth to be 
D/3, the flow in a pipe may be considered as an open channel flow. The Chezy 
formula describes velocity in such a flow! as: 


w= Ci y ry(SL) ft/s (c) 


where (SL) = slope of the pipe (channel), ft/ft 
r, = A,/O, = hydraulic radius, ft (notice that for a full flow in pipe, 
r, = 0.25 D) 
A, = cross-sectional area of liquid in the channel, ft 
Oy, = wetted perimeter of the conduit (the portion of the perimeter where 
the wall is in contact with the fluid), ft 
C; = Chezy coefficient 


The Chezy coefficient C, is described by the widely accepted Manning formula': 


,1/6 
C; = 1.486 A (d) 


where n ~ 0.014 is the Manning roughness factor for a metal conduit. 

Formula (d), however, must be modified in conjunction with the SI units, to 
obtain, for an identical input, the same results for the minimum slope SL in both 
systems of units, the SI and British (the coefficient 1.486 becomes 1.000). 

The calculation of the hydraulic radius is performed as follows (see Fig. B8.54 
and use geometry formulas from Ref. 44, typical): 

For liquid depth ratio A/D = ¥4, the length of arc K-N-M subtended by 6 


h 
Sk-y-M = Dcos! ( — z) = 1.2310D ft 
Rp 
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FIGURE B8.54 Cross-section geometry of a self-vent- 
ing pipe. 


the central angle in radians 


| Sx-n-m _ (1.2310)D 
+ RR Rp 


9 


— (2)(1.2310) — 2.4619 rad 


segment area Ay; 
Ar = 1(0 — sin Ó) R7, 
A, = 1(2.4619 — 0.6285) Rj, = 0.9167 R5, = 0.2794 tt 
hydraulic radius 


AL 0.9167 R2 


Ss SE - 0370395 0.2055 fi 
Bcgrae o CL2ST0) RA 


Fh 


Then, from (d), the Chezy coefficient is equal to: 


1.486 
Ci = 


= (0.2055)! = 81.54 
0.014 


The actual flow velocity of liquid in the self-venting line is found from the continu- 
ity equation 


mv  (362,000)(0.016637) 
w= — = epi 5907175 
AL (3600) (0.2794) 
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Solving the Chezy equation (c) for the slope SL yields 


w? (5.99)? ft in mm 
(SL) zc = 0.0263 — = 0.315 — | 26.25 — 
Cir, (81.54)?(0.2055) ft ft m 


Industrial experience? requires the minimum slope for a self-venting line to be not 
less than 0.5 in/ft (42 mm/m). Therefore, in the case of this problem, the minimum 
slope should be 0.5 in/ft (42 mm/m). 


Sample Problem B8.10 (Fanno Model). Consider a refrigeration system filled 
with Freon-12. Boiling Freon at initial temperature t = 104°F (40°C) is being 
throttled in a capillary tube of 0.059 in (1.5 mm) internal diameter at the rate of 
22.05 Ib,,/hr (10 kg/h). Calculate the choke pressure and the velocity of the fluid 
at choked-line exit conditions. The properties of refrigerant R-12 are listed in 
Table B8.17. 

Equations (B8.77) through (B8.80) are used to generate the following table. The 
procedure is explained by calculating results for a chosen Fanno line point at the 
temperature of 86°F (30°C) (one of those points in Table B8.18): 

For saturated conditions at t = 86°F, from Table B8.17, the following is found: 


Psu = 108.04 psia 
v; = 0.012396 ft/lb», 
v, = 0.37657 ft/lb,, 
hy = 27.769 Btu/Ib,, 
h; = 85.821 Btu/Ib,, 
s; = 0.057301 Btu/(lb, - °R) 
s, = 0.16368 Btu/(lb, - ^R) 


In a similar way, for initial conditions (saturated liquid at ti = 104°F): 


pi = 139.33 psia 

h, = 32.067 btu/Ib,, 

v, = 0.012783 ft?/Ib,, 
Pipe cross-section area: 


m (0.059)? 2 
A = ——— = 0.0000190 ft 
4 (12)? 
Mass flux: 
m 22.05 Ibm 


=— = = 322.4 —— 
A (3600)(0.0000190) (ft? - s) 
Equation (B8.80) may be rewritten as: 


x? Bx -C 20 


TABLE B8.17 Properties of Refrigerant R-12, Liquid and Saturated Vapor 


Pressure Volume Density Enthalpy Entropy 

Temp (Ib/sq in.) (cu ft/Ib) (Ib/cu ft) (Btu/Ib) (Btu/Ib-R) Temp 

(F) (F) 
Absolute Gage Liquid Vapor Liquid Vapor Liquid Latent | Vapor Liquid Vapor 
t P p Vr Ve 1/v; 1/v, hy hy h, S; Sg t 

—100 1.4280 27.0138* | 0.009985 | 22.164 100.15 0.045119 | —12.466 78.714 | 66.248 | —0.032005 | 0.18683 | —100 
—98 1.5381 26.7896* .010002 | 20.682 99.978 .048352 | —12.055 78.524 | 66.469 — .030866 .18623 —98 
—96 1.6551 26.5514* .010020 | 19.316 99.803 .051769 | —11.644 78.334 | 66.690 —.029733 .18565 —96 
—94 1.7794 26.2984* .010037 | 18.057 99.627 055379 | —11.233 78.144 | 66.911 —.028606 .18508 —94 
—92 1.9112 26.0301* .010055 | 16.895 99.451 .059189 | —10.821 77.954 | 67.133 —.027484 .18452 =92 
—90 2.0509 25.7456* | 0.010073 | 15.821 99.274 | 0.063207 | —10.409 77.764 | 67.355 | —0.026367 | 0.18398 —90 
—88 2.1988 25.4443* .010091 | 14.828 99.097 .067441 —9.9971 | 77.574 | 67.577 —.025256 .18345 —88 
—86 2.3554 25.1255* .010109 | 13.908 98.919 .071900 —9.5845 | 77.384 | 67.799 —.024150 .18293 —86 
—84 2.5210 24.7884* .010128 | 13.056 98.740 .076591 —9.1717 | 77.94 | 68.022 —.023049 .18242 —84 
-82 2.6960 24.4321* .010146 | 12.226 98.561 .081525 —8.7586 | 77.003 | 68244 —.021953 .18192 —82 
—80 2.8807 24.0560* | 0.010164 | 11.533 98.382 | 0.086708 —8.3451 | 76.812 | 68.467 | —0.020862 | 0.18143 —80 
—78 3.0756 23.6592* .010183 | 10.852 98.201 .092151 —7.9314 | 76.620 | 68.689 —.019776 .18096 —78 
—76 3.2811 23.2409* 010202 | 10.218 98.021 .097863 —7.5173 | 76.429 | 68.912 —.018695 .18050 —16 
—74 3.4975 22.8002* .010221 9.6290 97.839 .10385 —7.1029 | 76.238 | 69.135 —.017619 .18004 —74 
-T72 3.7254 22.3362* .010240 9.0802 97.657 .11013 —6.6881 | 76.046 | 69.358 —.016547 .17960 =72 
—70 3.9651 21.8482* | 0.010259 8.5687 97.475 | 0.11670 —6.2730 | 75.853 | 69.580 | —0.015481 | 0.17916 —70 
—68 4.2172 21.3350* .010278 8.0916 97.292 .12359 —5.8574 | 75.660 | 69.803 —.014418 .17874 —68 
—66 4.4819 20.7959* 010298 7.6462 97.108 .13078 —5.4416 | 75.467 | 70.025 —.013361 .17833 —66 
—64 4.7599 20.2299* .010317 7.2302 96.924 .13831 —5.0254 | 75.273 | 70.248 —.012308 17792 —64 
—62 5.0516 19.6360* .010337 6.8412 96.739 .14617 —4.6088 | 75.080 | 70.471 —.011259 7753 —62 
—60 5:3575 19.0133* | 0.010357 6.4774 96.553 | 0.15438 —4.1919 | 74.885 | 70.693 | —0.010214 | 0.17714 —60 
—58 5.6780 18.3607* .010377 6.1367 96.367 .16295 —3.TI45 | 74.691 | 70.916 —.009174 .17676 —58 
—56 6.0137 17.6773* .010397 5.8176 96.180 .17189 —3.3567 | 74495 | 71.138 —.008139 .17639 —56 
—54 6.3650 16.9619* .010417 5.5184 95.993 .18121 —2.9386 | 74.299 | 71.360 —.007107 .17603 24 
-52 6.7326 16.2136* .010438 5.2377 95.804 .19092 —2.5200 | 74.103 | 71.583 —.006080 .17568 —52 
—50 7.1168 15.4313* | 0.010459 4.9742 95.616 | 0.20104 —2.1011 | 73.906 | 71.805 | —0.005056 | 0.17533 —50 
—48 7.5183 14.6139* .010479 4.7267 95.426 21157 —1.6817 | 73.709 | 72.027 —.004037 .17500 —48 
—46 7.9375 13.7603* .010500 4.4940 95.236 22252 —1.2619 | 73.511 | 72.249 —.003022 .17467 —46 
—44 8.3751 12.8693* 010521 4.2751 95.045 .23391 —0.8417 | 73.312 | 72.470 —.002011 .17435 —44 
-42 8.8316 11.9399* .010543 4.0691 94.854 24576 —0.4211 | 73.112 | 72.691 —.001003 .17403 —42 


TABLE B8.17 Properties of Refrigerant R-12, Liquid and Saturated Vapor (Continued) 


Pressure Volume Density Enthalpy Entropy 

Temp (Ib/sq in.) (cu ft/Ib) (Ib/cu ft) (Btu/Ib) (Btu/Ib-R) Temp 

(F) (F) 

Absolute Gage Liquid Vapor Liquid Vapor Liquid Latent | Vapor Liquid Vapor 
t P p Vr Ve 1/vi I/v h; hy, h, S; Sg t 

—40 9.3076 10.9709* | 0.010564 3.8750 94.661 | 0.25806 0.0000 | 72.913 | 72.913 0.000000 | 0.17373 —40 
—38 9.8035 9.9611* .010586 3.6922 94.469 .27084 0.4215 | 72.712 | 73.134 .001000 .17343 —38 
—36 10.320 8.909* .010607 3.5198 94.275 28411 0.8434 | 72.511 | 73.354 .001995 .17313 —36 
—34 10.858 7.814* .010629 3.3571 94.081 .29788 1.2659 | 72.309 | 73.575 .002988 .17285 —34 
=32 11.417 6.675* .010651 3.2035 93.886 .31216 1.6887 | 72.106 | 73.795 .003976 .17257 =32 
—30 11.999 5.490* 0.010674 3.0585 93.690 | 0.32696 2.1120 | 71.903 | 74.015 0.004961 | 0.17229 —30 
—28 12.604 4.259* .010696 2.9214 93.493 34231 2.5358 | 71.608 | 74.234 .005942 .17203 —28 
—26 13.233 2.979* .010719 2.7917 93.296 .35820 2.9601 | 71.494 | 74.454 .006919 47177 —26 
—24 13.886 1.649* 010741 2.6691 93.098 37466 3.3848 | 71.288 | 74.673 .007894 7151 —24 
-22 14.564 0.270* .010764 2.5529 92.899 39171 3.8100 | 71.081 | 74.891 .008864 .17126 -22 
—20 15.267 0.571 0.010788 2.4429 92.699 | 0.40934 4.2357 | 70.874 | 75.110 0.009831 | 0.17102 —20 
—18 15.996 1.300 .010811 2.3387 92.499 .42758 4.6618 | 70.666 | 75.328 .010795 .17078 —18 
—16 16.753 2.057 .010834 2.2399 92.298 44645 5.0885 | 70.456 | 75.545 .011755 .17055 —16 
—14 17.536 2.840 .010858 2.1461 92.096 .46595 5.5157 | 70.246 | 75.762 .012712 .17032 —14 
-12 18.348 3.652 .010882 2.0572 91.893 48611 5.9434 | 70.036 | 75.979 .013666 .17010 =12 
—10 19.189 4.493 0.010906 1.9727 91.689 | 0.50693 6.3716 | 69.824 | 76.196 0.014617 | 0.16989 —10 
-8 20.059 5.363 .010931 1.8924 91.485 .52843 6.8003 | 69.611 | 76.411 .015564 .16967 -8 
—6 20.960 6.264 .010955 1.8161 91.280 .55063 7.2296 | 69.397 | 76.627 .016508 .16947 =6 
=4 21.891 7.195 .010980 1.7436 91.074 .57354 7.6594 | 69.183 | 76.842 .017449 .16927 =4 
-2 22.854 8.158 .011005 1.6745 90.867 .59718 8.0898 | 68.967 | 77.057 .018388 .16907 =2 
0 23.849 9.153 0.011030 1.6089 90.659 | 0.62156 8.5207 | 68.750 | 77.271 0.019323 | 0.16888 0 
2 24.878 10.182 011056 1.5463 90.450 .64670 8.9522 | 68.533 | 77.485 .020255 .16869 2 
4 25.939 11.243 .011082 1.4867 90.240 .67263 9.3843 | 68.314 | 77.698 .021184 .16851 4 
6 27.036 12.340 011107 1.4299 90.030 69934 9.8169 | 68.004 | 77.911 .022110 .16833 6 
8 28.167 13.471 .011134 1.3758 89.818 .72687 10.250 67.873 | 78.123 .023033 .16815 8 
10 29.335 14.639 0.011160 1.3241 89.606 | 0.75523 10.684 67.651 | 78.335 0.023954 | 0.16798 10 
12 30.539 15.843 .011187 1.2748 89.392 18443 11.118 67.428 | 78.546 .024871 .16782 12 
14 31.780 17.084 .011214 1.2278 89.178 .81449 11.554 67.203 | 78.757 .025786 .16765 14 
16 33.060 18.364 011241 1.1828 88.962 84544 11.989 66.977 | 78.966 .026699 16750 16 
18 34.378 19.682 011268 1.1399 88.746 87729 12.426 66.750 | 79.176 .027608 16734 18 
20 35.736 21.040 0.011296 1.0988 88.529 | 0.91006 12.863 66.522 | 79.385 0.028515 | 0.16719 20 
22 37.135 22.439 011324 1.0596 88.310 94377 13.300 66.293 | 79.593 029420 .16704 22 
24 38.574 23.878 .011352 1.0220 88.091 .97843 13.739 66.061 | 79.800 .030322 .16690 24 
26 40.056 25.360 .011380 0.98612 87.870 | 1.0141 14.178 65.829 | 80.007 .031221 .16676 26 
28 41.580 26.884 .011409 0.95173 87.649 | 1.0507 14.618 65.596 | 80214 .032118 .16662 28 


* [nches of mercury below one atmosphere. 
Temperature conversion: & = (tr — 32.0)/1.8. 
For pressure, specific volume, enthalpy, and entropy conversions to SI Units see Tables B8.1 through B8.4. 


Courtesy of E. I. du Pont de Nemours & Co. 
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TABLE B8.17 Properties of Refrigerant R-12, Liquid and Saturated Vapor (Continued) 


Pressure Volume Density Enthalpy Entropy 
Temp (Ib/sq in.) (cu ft/Ib) (Ib/cu ft) (Btu/Ib) (Btu/Ib-R) Temp 
(F) (F) 
Absolute Gage Liquid Vapor Liquid Vapor Liquid Latent Vapor Liquid Vapor 
t P p Vr Vg 1/ve 1/v, hi hy h, Sr Sg t 
30 43.148 28.452 0.011438 0.91880 87.426 1.0884 15.058 65.361 80.419 0.033013 0.16648 30 
32 44.760 30.064 .011468 .88725 87.202 1.1271 15.500 65.124 80.624 .033905 .16635 32: 
34 46.417 31.721 .011497 .85702 86.977 1.1668 15.942 64.886 80.828 .034796 .16622 34 
36 48.120 33.424 .011527 .82803 86.751 1.2077 16.384 64.647 81.031 .035683 .16610 36 
38 49.870 35.174 .011557 .80023 86.524 1.2496 16.828 64.406 81.234 .036569 .16598 38 
40 51.667 36.971 0.011588 0.77357 86.296 1.2927 17.273 64.163 81.436 0.037453 0.16586 40 
42 53.513 38.817 .011619 .74798 86.066 1.3369 17.718 63.919 81.637 .038334 .16574 42 
44 55.407 40.711 .011650 72341 85.836 1.3823 18.164 63.673 81.837 .039213 .16562 44 
46 57.352 42.656 .011682 .69982 85.604 1.4289 18.611 63.426 82.037 .040091 .16551 46 
48 59.347 44.651 .011714 67715 85.371 1.4768 19.059 63.177 82.236 .040966 .16540 48 
50 61.394 46.698 0.011746 0.65537 85.136 1.5258 19.507 62.926 82.433 0.041839 0.16530 50 
52 63.494 48.798 .011779 .63444 84.900 1.5762 19.957 62.673 82.630 .042711 .16519 52 
54 65.646 50.950 .011811 61431 84.663 1.6278 20.408 62.418 82.826 043581 .16509 54 
56 67.853 53.157 .011845 .59495 84.425 1.6808 20.859 62.162 83.021 .044449 .16499 56 
58 70.115 55.419 .011879 57632 84.185 1.7352 21.312 61.903 83.215 045316 16489 58 
60 72.433 57.737 0.011913 0.55839 83.944 1.7909 21.766 61.643 83.409 0.046180 0.16479 60 
62 74.807 60.111 .011947 54112 83.701 1.8480 22.221 61.380 83.601 .047044 .16470 62 
64 71.239 62.543 .011982 .52450 83.457 1.9066 22.676 61.116 83.792 .047905 .16460 64 
66 79.729 65.033 .012017 50848 83212 1.9666 23.133 60.849 83.982 .048765 .16451 66 
68 82.279 67.583 .012053 .49305 82.965 2.0282 23.591 60.580 84.171 .049624 .16442 68 
70 84.888 70.192 0.012089 0.47818 82.717 2.0913 24.050 60.309 84.359 0.050482 0.16434 70 
72 87.559 72.863 .012126 .46383 82.467 2.1559 24.511 60.035 84.546 .051338 .16425 72 
74 90.292 75.596 .012163 .45000 82.215 22222 24.973 59.759 84.732 .052193 .16417 74 
76 93.087 78.391 .012201 43666 81.962 2.2901 25.435 59.481 84.916 .053047 .16408 76 
78 95.946 81.250 .012239 .42378 81.707 2.3597 25.899 59.201 85.100 .053900 .16400 78 
80 98.870 84.174 0.012277 0.41135 81.450 2.4310 26.365 58.917 85.282 0.054751 0.16392 80 
82 101.86 87.16 .012316 39935 81.192 2.5041 26.832 58.631 85.463 .055602 .16384 82 
84 104.92 90.22 .012356 38776 80.932 2.5789 27.300 58.343 85.643 .056452 .16376 84 
86 108.04 93.34 .012396 37657 80.671 2.6556 27.769 58.052 85.821 .057301 .16368 86 
88 111.23 96.53 .012437 36575 80.407 2.7341 28.241 57.757 85.998 058149 .16360 88 
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TABLE B8.17 Properties of Refrigerant R-12, Liquid and Saturated Vapor (Continued) 


Pressure Volume Density Enthalpy Entropy 
Temp (lb/sq in.) (cu ft/lb) (Ib/cu ft) (Btu/Ib) (Btu/Ib-R) Temp 
(F) (P) 
Absolute Gage Liquid Vapor Liquid Vapor Liquid Latent Vapor Liquid Vapor 

t P p Vi A 1/v, liv, h, hy, h, S, S, t 

90 114.49 99.79 0.012478 0.35529 80.142 2.8146 28.713 57.461 86.174 0.058997 0.16353 90 

92 117.82 103.12 .012520 .34518 79.874 2.8970 29.187 57.161 86.348 .059844 .16345 92 

94 121.22 106.52 012562 33540 79.605 2.9815 29.663 56.858 86.521 .060690 .16338 94 

96 124.70 110.00 .012605 .32594 79.334 3.0680 30.140 56.551 86.691 .061536 .16330 96 

98 128.24 113.54 .012649 31679 79.061 3.1566 30.619 56.242 86.861 .062381 .16323 98 
100 131.86 117.16 0.012693 0.30794 78.785 3.2474 31.100 55.929 87.029 0.063227 0.16315 100 
102 135.56 120.86 .012738 .29937 78.508 3.3404 31.583 55.613 87.196 .064072 .16308 102 
104 139.33 124.63 .012783 .29106 78.228 3.4357 32.067 55.293 87.360 .064916 .16301 104 
106 143.18 128.48 .012829 .28303 77.946 3.5333 32.553 54.970 87.523 .065761 16293 106 
108 147.11 132.41 .012876 27524 71.662 3.6332 33.041 54.643 87.684 .066606 .16286 108 
110 151.11 136.41 0.012924 0.26769 77.376 3.7357 33.531 54.313 87.844 0.067451 0.16279 110 
112 155.19 140.49 012972 .26037 77.087 3.8406 34.023 53.978 88.001 068296 16271 112 
114 159.36 144.66 .013022 .25328 76.795 3.9482 34.517 53.639 88.156 .069141 .16264 114 
116 163.61 148.91 .013072 24641 76.501 4.0584 35.014 53.296 88.310 .069987 .16256 116 
118 167.94 15324 .013123 23974 76.205 4.1713 35.512 52.949 88.461 .070833 .16249 118 
120 172.35 157.65 0.013174 0.23326 75.906 4.2870 36.013 52.597 88.610 0.071680 0.16241 120 
122 176.85 162.15 013227 .22698 75.604 4.4056 36.516 52.241 88.757 072528 16234 122 
124 181.43 166.73 .013280 .22089 75.299 4.5272 37.021 51.881 88.902 .073376 .16226 124 
126 186.10 171.40 .013335 .21497 74.991 4.6518 37.529 51.515 89.044 .074225 .16218 126 
128 190.86 176.16 .013390 .20922 74.680 4.7796 38.040 51.144 89.184 075075 .16210 128 
130 195.71 181.01 0.013447 0.20364 74.367 4.9107 38.553 50.768 89.321 0.075927 0.16202 130 
132 200.64 185.94 .013504 .19821 74.050 5.0451 39.069 50.387 89.456 .076779 .16194 132 
134 205.67 190.97 .013563 .19294 73.729 5.1829 39.588 50.000 89.588 .077623 .16185 134 
136 210.79 196.09 .013623 .18782 73.406 5.3244 40.110 49.608 89.718 .078489 .16177 136 
138 216.01 201.31 .013684 .18283 73.079 5.4695 40.634 49.210 89.844 .079346 .16168 138 
140 221.32 206.62 0.013746 0.17799 72.748 5.6184 41.162 48.805 89.967 0.080205 0.16159 140 
142 226.72 212.02 .013810 .17327 72.413 5.7713 41.693 48.394 90.087 .081065 .16150 142 
144 232.22 217.52 .013874 .16868 72.075 5.9283 42.227 47.977 90.204 081928 16140 144 
146 237.82 223.12 013941 16422 71.732 6.0895 42.165 47.553 90.318 .082794 .16130 146 
148 243.51 228.81 .014008 .15987 71.386 6.2551 43.306 47.122 90.428 .083661 .16120 148 
150 249.3] 234.61 0.014078 0.15564 71.035 6.4252 43.850 46.684 90.534 0.084531 0.16110 150 
152 255.20 240.50 .014148 .15151 70.679 6.6001 44.399 46.238 90.637 085404 .16099 152 
154 261.20 246.50 .014221 .14750 70.319 6.7799 44.951 45.784 90.735 .086280 .16088 154 
156 267.30 252.60 .014295 .14358 69.954 6.9648 45.508 45.322 90.830 .087159 .16077 156 
158 273.51 258.81 014371 .13976 69.584 7.1551 46.068 44.852 90.920 .088041 .16065 158 
160 279.82 265.12 0.014449 0.13604 69.209 7.3509 46.633 44.373 91.006 0.088927 0.16053 160 

Source: CARRIER—Handbook of Air Conditioning System Design, McGraw-Hill Book Co., 1965. 
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TABLE B8.18 Calculation Results for Problem B8.10 


Pressure Temperature Enthalpy Entropy Spec. Vol. Steam 
psia °F Btu/Ib,, Btu/(1b,, -°R) ft?/1b,, quality 
139.33 104.00 32.07 0.06492 0.012783 0.00000 
122.95 95.00 32.07 0.06502 0.024723 0.03818 
108.04 86.00 32.06 0.06517 0.039340 0.07399 
94.51 77.00 32.06 0.06539 0.057256 0.10774 
82.28 68.00 32.05 0.06566 0.079250 0.13970 
71.27 59.00 32.04 0.06600 0.106360 0.17006 
61.39 50.00 32.03 0.06640 0.139801 0.19896 
52.58 41.00 32.00 0.06686 0.181284 0.22648 
44.76 32.00 31.95 0.06737 0.232750 0.25267 
37.85 23.00 31.88 0.06791 0.297063 0.27750 
31.78 14.00 31.77 0.06897 0.377216 0.30084 
26.48 5.00 31.59 0.06846 0.477890 0.32244 
21.89 —4.00 31.31 0.06935 0.603310 0.34187 
17.94 —13.00 30.87 0.06946 0.760557 0.35839 
14.56 —22.00 30.18 0.06910 0.953742 0.37094 
11.71 —31.00 29.13 0.06797 1.189298 0.37809 
where 
dics | vp, X89 (heh 2] 
Ve—vy (GP (Ve -v 


= 2[0.03404 + 105.300] = 210.7 


C= 


2 
vi — v4 2( 4) (hy - hy) 


(v4 — vp? 
|. (0.012396)? — (0.012783)? — (2)(0.103394) 
B (0.132623) 
= 0.155923 


Then, the quality x is equal to 


—Br4Bl-4 
Pompeu ; C 00740 


and, from Eqs. (B8.77) to (B8.79): 


h = hg d x(h, — hg) = 32.06 Btu/lbm 
y = vg + x(v, — vg) = 0.03934 ft /Ib,, 
S — Sf -F X(S; — Sg) = 0.06517 Btu/(Ib,. ^R) 
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Similar procedures for other pressures (or temperatures) result in the tabulated 
values. Sample data in Table B8.18 shows that the maximum entropy is 0.06946 
Btu/lb,, the corresponding pressure (critical or choke pressure) is 17.94 psia (1.24 
bar), and the corresponding temperature is t4; = —13°F (—25°C). Try to relate the 
above presented findings to the Fanno line model presented in Fig. B8.16. 

The exit velocity of the fluid is calculated from the continuity equation applied 
to the pipe exit condition: 


Wexit = € = VexitG = (0.760557) (322.4) = 245.362 ft/s (74 m/s) 


TRANSIENT FLOW ANALYSIS 


General Background 


Hydraulic transient problems in piping systems result from faulty plant design 
and also from faulty plant operating procedures as, for example, rapid changes in 
operational functioning of components such as pumps and valves. They may produce 
rapid momentum changes as the column of water in the system is suddenly stopped 
or started. Large momentum changes can subject system components to severe 
force transients, and these must be considered when designing the system to ensure 
its safe, reliable operation. 

Hydraulic transient problems may result in the formation of vapor cavities 
when the system pressure is reduced to the saturation pressure at a certain fluid 
temperature. Vapor cavities can easily form in a piping system that has a wide 
elevation range, if permitted to drain after the system is shut down. This behavior 
is known as column separation. In a large cooling-water system, reclosure of water 
columns after separation can result in destructive water hammer loads if appropriate 
design consideration is not given to alleviate these effects. 

Analysis of hydraulic transients should be performed for all major plant systems. 
In addition to the maximum and minimum design pressures for components and 
the forcing functions for pipe supports, the analysis will help provide appropriate 
procedures for system startup and shutdown and operator responses to power 
failure. 

Transients that exhibit single-phase flow can be analyzed by one-dimensional 
wave theory. During a transient condition, pressure waves are generated throughout 
the system. In complex systems, these waves may be analyzed with the aid of 
a computer. 

Newton’s second law, the equation of motion, is a vector relation. Considering 
the x-direction, a useful working form of the momentum theorem may be 


written! 
d a 
SF, = (Zw) a - (Ew Jav 
dt \ gc cv Of \ gc 


+ f P wand ace J P waw,d Ain (B8.92) 
8c 8c 
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where the left-hand side represents the algebraic sum of the x-forces acting on the 
system during the time interval dt. By using vector notation, the momentum theorem 
for a control volume may be represented by a single equation 


E à PET 
zp-j T P ady + | P w dA) (B8.93) 
cv Sc cs 


c 


which is the fundamental principle in the dynamics of fluid motion. In words, the 
resultant force acting on a control volume (cv) of the pipe segment is equal to the 
time rate of increase of linear momentum within the control volume plus the net 
efflux of linear momentum across the control surface (cs) of the pipe segment 
boundary. The term XF in Equation (B8.93) is the algebraic sum of all forces 
exerted by the surroundings on the material instantaneously occupying the control 
volume. These include (1) body forces which are proportional either to the volume 
or mass of the body (e.g., forces of gravitational attraction) and (2) surface forces 
which are exerted at the control surface by the material outside of the control 
volume on the material inside the control volume (e.g., pressure acting on the 
control surface). It is generally advantageous to take surface normal to the velocity 
wherever it cuts across the flow. 

The first partial derivative term in Eq. (B8.93) is the average time rate of increase 
of linear momentum (mw/g.) of the system during time Ar. In the limit as Ar 
approaches zero, it becomes d/dt(mw/g.). In Ref. 29 this term is called the wave 
force F,; on a bounded pipe i-th segment of length L. A segment (within a control 
volume) is always defined as a straight pipe between elbows, turns, or between an 
elbow and piping component or equipment. Fluid acceleration inside the pipe 
generates forces on all segments that are bounded at either end by an elbow, a 
turn, or a piping system component. 

Immediately following a flow disturbance due to a sudden flow rate reduction 
(by a rapid control valve adjustment) or flow-rate increase (e.g., a pipe break), a 
compression or a decompression wave propagates into the fluid contained by the 
pipe. As the fluid pressure is increased or reduced, its density changes accordingly. 
The compression or decompression travels at sonic speed through all pipe segments, 
finally arriving at the vessel where a decompression or compression wave is reflected 
back toward the disturbance location (valve or a rupture). As compression or 
decompression waves move through the pipe, the pressure at one end of each 
segment exceeds the pressure at the other, resulting in net forces F,;. 

Successive wave transmissions and associated fluid acceleration forces decay as 
steady discharge is achieved, and this transient term in Eq. (B8.93) vanishes when 
steady flow is reached. Although the wave force F,; vanishes at steady flow, the 
second term in Eq. (B8.93) in Ref. 29, called the blowdown force, survives on the 
discharging segment. This phenomenon will be discussed in more detail in the 
subsection “Pipe Rupture." 

Note again, that when steady flow is reached, the wave force vanishes. During 
steady-state conditions, there is no unbalanced force in the segment. Also, note 
that a positive segment force acts along the pipe axis opposite to the direction of 
flow. Equation (B8.93) is valid for bounded pipe regardless of the bend angle at 
either end of the segment. Large computer programs have been developed to help 
predict forces generated during postulated hydraulic transients in piping systems. 


Pipe Rupture 


If a pipe break occurs, thrust and jet forces generated by fluid discharge can cause 
further damage to piping and other plant components unless adequate mechanical 
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restrains are employed. Discharging fluid creates a reaction thrust on the ruptured 
pipe itself and impingement loads on objects struck by the jet of fluid. Moreover, 
fluid acceleration inside the pipe generates forces on all segments that are bounded 
at either end by an elbow or turn. Although pipe thrust may basically be considered 
as a steady-state phenomenon, its initiation is accompanied by a violent transient 
following the sudden sonic decompression wave starting at the break location. 

The mechanics of the steady pipe thrust problem are similar to those involved 
in rocket propulsion. The steady thrust can be computed as follows. If A, is the 
exit area (or the area of a break), po, is the exit-plane pressure, p, is the density of 
the escaping fluid to the atmosphere at pressure Pam, m is the escaping mass flow 
rate, and wy is the velocity of efflux, the momentum Equation (B8.92) leads to the 
following expression for the thrust!': 


m 
T = —we + (Pe — Pam) Ae lbf (B8.94) 


[o 


In a rocket jet engine with a converging-diverging nozzle there is a minimum throat 
area A, characterized by the critical pressure ratio and the sonic velocity (Ma — 
1). Provided the nozzle is so designed that its enlarged exit area behind the throat 
(as a Venturi tube) ensures expansion down to pressure p, = Pam, prevailing in the 
external atmosphere, the exit velocity w, becomes supersonic, and the thrust of the 
engine reaches its maximum. This important conclusion is valid irrespective of the 
type of fluid considered, whether gaseous or liquid. 

If the nozzle were a simple converging nozzle, as it could be considered in a 
pipe break, A, would equal A, (throat area). After transformation of Eq. (B8.94) 
by using the ideal gas relations, as presented in section “Single-Phase Flow in 
Nozzles, Venturi Tubes, and Orifices," subsection “Steam and Gas Service," the 
following expression for a simple convergent nozzle maximum thrust is found": 


2 1/(k-1) 
Toons = At |o (a) = 2 (B8.95) 


Then, for superheated steam (k — 1.3), the following ideal gas thrust may reach its 
maximum value 


T = A,(1.26po — Pam) (B8.96) 
and for saturated steam (k = 1.1) 
T = A,(1.23po — Pam) (B8.97) 


If incompressible liquid escapes from a vessel (or broken pipe), where stagnation 

pressure is po, its subsonic exit velocity is expressed by Eq. (B8.35) (with z = 0 

and p; = Pam). Then, by using this expression for wọ in Eq. (B8.94), the steady 
thrust (reaction force) can be found from the following expression: 

quu = Aw = PA 

Sc Sc $c 


Thus, while the speed of efflux is inversely proportional to the density, the thrust 
in this case is independent of the density and depends only on the area of the break 
(orifice) and the gauge pressure (pi — pa). 

As an example, consider a vessel containing cold water at 1050 psia (72.4 bar). 


28.(pi — Pam 
: Sc(Pi1 — Pam) —2A.(pi— pum) —(B8.98) 
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As a result of a postulated 12-in (0.3-m) pipe break, water is discharged into the 
atmosphere. As calculated by using Eq. (B8.98) this would produce an impressive 
steady thrust of 225,000 Ib; (999,600 N), while the velocity of efflux, calculated from 
Eq. (B8.35), at its density of 62.5 Ib,,/ft* (1020 kg/m?), is equal to 388.1 ft/s (118.3 
m/s). 

If a two-phase critical flow escapes from a vessel or a broken pipe, one may 
expect somewhat different thrust characteristics. Various critical two-phase flow 
models, as discussed in the section ‘Critical Gas-Liquid Flow," provide the mass 
flux and thermodynamic parameters (choke pressure, steam quality) at the nozzle 
throat in terms of vessel stagnation properties and pipe fL/D. Moody? used his 
model (see subsection “Moody Model") for calculating critical blowdown from a 
1050 psia (72.4 bar), typical for a boiling water reactor (BWR) vessel. He found 
that at fL/D = 0 (pipe break just where it is attached to a vessel), T/A, for critical 
saturated water blowdown is 183,000 Ib;/f? (8,762 kN/m?), which is about half 
the value of thrust/area from Eq. (B8.98) for incompressible liquid blowdown. 
Furthermore, T/A, for saturated steam is 182,000 Ib/f? (8,714 kN/m?), which is 
closely predicted by Eq. (B8.97). Predicted thrust and impingement properties are 
shown to give reasonable agreement with available data. It is also clear that increased 
values fL/D (pipe break at a certain distance from the vessel) would reduce the 
thrust. (Compare with the Fanno model discussed in section “Critical Gas-Liquid 
Flow," subsection “Fanno Model.") 

For more detailed discussion and numerical examples on this subject, see Refs. 
29 and 45. 


Typical Water Hammer Transients 


Water hammer is a pressure wave, usually resulting from rapid changes in the flow 
rate in a pipe, which is characterized by the transformation of kinetic energy of 
moving fluid into pressure. Typical transients for a water-filled system include rapid 
valve closure, pump startup, or pump trip within the circulating water system, 
feedwater system, or service water system of a power plant, or the cooling water 
system of a process plant. The water hammer phenomena in a piping system also 
may result due to formation of vapor pockets at locations where the pressures are 
reduced to or below vapor pressure. This phenomenon is normally called column 
separation. 'The subsequent collapse of these vapor pockets may develop significant 
pressure spikes which should be taken into consideration in system design and 
analysis. 

The basic water hammer equation is derived from equations of conservation of 
mass and momentum in a single pipeline. For low-flow velocities [much lower than 
the speed of sound in the fluid (Ma < 1)] and for columns of fluid rejoined near a 
closed valve or a dead end (final flow velocity w — 0), the produced peak (maximum) 
pressure of inertia is estimated from the following equation (see Refs. 1 and 46): 


Ap = £.c^w (B8.99) 


$c 


where Aw is the relative closure velocity of the fluid before impact, p is the fluid 
density, and c is the sonic wave speed. Using the bulk modulus of elasticity of water 
K = 0.3 X 106 psi (2.07 X 10° kPa) the speed of sound in water without any pipe 
wall effect is —4700 ft/s (—1435 m/s). For a circular elastic steel pipe of diameter 
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d, in which the Young's modulus of elasticity for the wall material is E = 30 x 10° 
psi (206 x 10° kPa), the wave speed is expressed by: 


(B8.100) 


where e is pipe wall thickness. By using Eq. (B8.100) for cold water, the wave speed 
c varies from 4490 ft/s (1370 m/s) for d/e — 10 to 2360 ft/s (720 m/s) for d/e — 
300. If the valve closure time is less than t — 2L/c, where L is the length of a pipe 
from the valve to the upstream vessel, the action is called rapid closure. The term 
slow closure refers to times of closure greater than 2L/c. In the case of column 
separation or column rejoining (reclosure), large flow velocities are not necessary 
for significant peak pressures and segment forces. For example, for cold water with 
~10 ft/s (~3 m/s) closure velocity in a 10 in pipe, a peak pressure of inertia of 
~570 psi (~39 bar), as calculated from Eq. (B8.99), could produce a segment force 
as high as —43,000 Ib; (—190 kN). 

NUREG-0582" has identified a number of high-energy systems in nuclear power 
plants that have had a history of transient-related problems. It also discussed the 
major causes of transient problems which are attributable to events such as pump 
startup, stopping, or seizure; pump startup with inadvertently voided discharge 
lines; valve opening, closing, and instability; check-valve closure and delayed open- 
ing; water entrainment in steam lines; steam bubble collapse, and mixing of sub- 
cooled water and steam from interconnected systems; slug impact due to rapid 
condensation; and column separation and subsequent rejoining. Some of these 
transient events can be prevented by implementing appropriate operating proce- 
dures. However, there are other events that may occur during normal/upset, emer- 
gency, or faulted plant operating conditions. These flow transients in the piping 
system may cause significant dynamic loads and large reactions on the piping, piping 
supports, and connected equipment. These transient loads must be analyzed and 
incorporated into the pipe stress analysis and pipe support evaluation. 

The service water system of a nuclear station illustrates the application. The 
system is designed to supply cooling water to remove heat from component heat 
exchangers throughout the station. Hydraulically, such a system is far more complex 
than a condenser circulating water system because there are numerous heat ex- 
changers and considerable variations in piping elevation. 

Figure B8.55 depicts the major components of a typical service water system in 
the case of a pressurized water reactor (PWR) unit; Fig. B8.56 shows the profile 
(vertical) of a portion of the system, including the control building air-conditioning 
water cooler (HVK) and emergency diesel engine cooling water (EGS) piping. 
Because of the high elevation of the HVK piping, a vapor gap will form on either 
side of the HVK heat exchanger when the service water pumps trip out. Also, 
because of the U-shaped piping configuration, a water column will be retained in 
the central portion of the HVK piping, as shown. After the pump has restarted, 
the vapor gap at the inlet piping may close rapidly— resulting in severe pressure 
and force transients—unless proper care is taken in the design and operation of 
the system. 


Typical Steam Hammer Transients 


Steam hammer is defined as the pressure surge generated by transient flow of 
superheated or saturated steam in a steam line, but not as the collapse of steam 
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PUMP STATION 


Pump Check 


Control valve 


CCP = Reactor-plant component DISCHARGE 
CCS = Turbine-plant component HVK = Control-building air conditioner STRUCTURE 
EGS = Emergency diesel generator RSS = Containment recirculation 


FIGURE B8.55 Major components of a service water system for a PWR-type nuclear power plant. 


pockets which was described in the previous section. Usually the pressure spikes 
due to steam hammer are not as high as in water systems because of the large 
compressibility of steam. 

Typical applications of a steam hammer program to perform analysis of com- 
pressible flow include studies of the turbine generator main steam and bypass 
system, the safety relief valve blowdown, the reactor core isolation cooling system, 
the high-pressure coolant injection system, and so forth. The program could apply 
the method of characteristics with finite difference approximations for solutions of 
unsteady one-dimensional compressible fluid flows. The choking phenomena of 
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FIGURE B8.56 Partial service water system profile showing vapor gap. 
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steam flow are included in the program. In analyzing transients in a safety/relief- 
valve discharge system, the program has an option to handle the blowdown forces 
at the interface of steam discharging into the suppression pool. 


Steam-Condensation-Induced Water Hammer 


Several flow conditions may lead to severe condensation-induced water hammers, 
with steam and water counterflow events in a horizontal pipe being potentially the 
most severe. Water-cannon events (subcooled water with condensing steam in a 
vertical pipe) may occur if the right geometry and system conditions exist. Pressur- 
ized water entering a vertical steam-filled pipe can cause a severe transient event 
over a wide range of piping geometry conditions. Hot water entering a lower- 
pressure line is also a very common condition for many nuclear power plant piping 
systems, especially for those heater drain dump lines which lead to the condenser. 

Condensation-induced water hammers of the steam and water counterflow type 
can occur in a horizontal pipe with a steam- and water-stratified environment. If the 
water is highly subcooled, violent condensation may occur. This rapid condensation 
process will generate a significant steam flow above the water surface. The shearing 
forces at the interface between the steam and the subcooled water can create enough 
turbulence to generate a water slug, which in turn will entrap an isolated steam 
pocket. Continued rapid condensation of the entrapped steam will accelerate the 
water slug into the void, causing a damaging water hammer. Two conditions must 
coexist in the system to initiate this condensation-induced water hammer, namely: 


* A steam and subcooled water stratified flow exists in a significant length of a 
horizontal or near-horizontal pipe 


* Substantial turbulence exists at the steam-water interface 


Depending on the void fraction and subcooling in the two-phase flow environ- 
ment, the magnitude of the pressure wave generated by steam condensation and 
bubble collapse can be devastating. These events should be prevented from oc- 
curring by all practical means (see Refs. 28, 29, 48). 

In summary, the significant condensation-induced water hammer conditions are: 


* Subcooled water with condensing steam in a vertical pipe 
* Steam and water counterflow in a horizontal pipe 

* Pressurized water entering a vertical steam-filled pipe 

* Hot water entering a lower-pressure line 


Practical Recommendations to Minimize Water Hammers 


Protection Devices to Minimize Water Hammers. Various devices may be used 
to protect piping systems from damage by severe hydraulic transients. Check valves, 
standpipes, and accumulators prevent the occurrence of transients or reduce 
their effects. 

Vacuum-breaker valves allow air to enter a piping system when a vacuum devel- 
ops. Sometimes installed on heat exchangers, these relief valves may be located in 
the system where water-column separation may occur during transient conditions. 
Air in the system will significantly attenuate pressure spikes when water columns 
rejoin. 
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Check valves are sometimes used in service water systems to prevent column 
separation. Following a power loss, water in the high portion of a riser may drain 
out because of the large change in elevation, creating a vapor cavity. In this situation, 
a check valve may be installed at the bottom of the upstream riser to prevent water 
drainage and column separation. 

A standpipe may be used in a cooling water system where relief of vacuum 
pressure is necessary. Serving as a simple surge tank, the standpipe admits water 
and possibly air into the system. This either eliminates column separation or reduces 
the severity of column reclosure because of air injection. 

An accumulator of proper size may effectively eliminate column separation after 
a power failure. The device, a closed container partially filled with water topped 
with compressed air, is usually installed immediately downstream from a pump 
station along with a check valve. Following a power failure, the pump coasts down 
and the pump head decreases rapidly, causing the check valve to close. Compressed 
air in the accumulator will supply fluid flow pneumatically into the main line to 
minimize downsurge, and will provide a cushion on the return surge. 


Field Tests for Hydraulic Transients. Frequently, field tests for hydraulic transient 
loading are conducted to accomplish the following: 


* Verify that system design is adequate 

* Determine the best way to operate a system to avoid transients 
* Discover scenarios of unanticipated transients 

* Validate results obtained from analytical approaches 


The first three functions are often included as part of the normal startup and 
checkout of a new system. 

Field tests serve to measure key parameters related to hydraulic transients while 
operating a system in a manner that could produce plausible transient events. 
Validation of analytical results involves benchmarking the computation method for 
known operating parameters; or benchmarking, combined with checking of input 
variables such as pump characteristics and valve opening or closing time. In many 
cases, transients introduced by valve opening or closing and by pump trip or startup 
are overpredicted, and can be improved with the help of field test data. 


System Design Considerations. There are three ways to prevent or minimize fluid 
transients through effective system design: (1) general design practices that either 
reduce or eliminate a possible transient; (2) adding special systems to either control 
or prevent a transient; and (3) performing time-history analysis of loads, and design- 
ing a pipe support system to accommodate the transient loads. 

General design practices should include: 


* Designing all steam-line piping to provide continuous downward slopes with 
provisions for low-point drainage to preclude the formation of water pockets 
(upstream of a potentially isolable valve is considered to be a low point). 


* Where allowed by system design function, providing slow-opening/closing valves 


* Providing high-point vents or air-release valves in water-filled lines to allow system 
venting to eliminate the formation of air pockets 


* Using vacuum breakers to minimize potential dynamic effects by providing an 
air cushion in fluid-carrying pipelines that could otherwise be under an occa- 
sional vacuum 
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Special systems that preclude or diminish the effects of fluid transients include: 


* Loop-fill systems that continuously maintain a primary piping system in a filled 
and pressurized condition during operating modes when that system is on standby 
(e.g., fire-protection system and emergency core-cooling systems). 


* Steam-line preheating systems that continuously maintain or allow gradual heatup 
of steam supply lines to reduce rapid steam condensation and the development 
of water slugs that generate substantial loads on the piping system. 


The overall piping system stress qualification should consider as appropriate all 
loading conditions, including the dynamic effects of fluid transients. Piping codes 
prior to 1970 were rather vague in this regard; however, the more recent editions 
of ASME Section III of the Boiler and Pressure Vessel Code are quite specific and 
require this consideration. The forcing functions generated by manual or computer 
modeling are incorporated into the stress analyses which are used as the basis for 
designing a support system that can accept the loads and maintain them within the 
code-allowable limits for safe, continuous system operation. 


Pump Net Positive Suction Head (NPSH) Transients 


In dealing with net positive suction head problems, effort has been made to distin- 
guish between NPSH required or NPSHR and NPSH available or NPSHA. The 
NPSHA is a function of pump design or pump requirement, while the NPSHA is 
a function of the pump system which must provide the required NPSH. The available 
NPSH must always exceed the required NPSH by a certain margin which must be 
positive even during transient conditions (see Ref. 49). 

Large steam-electric power plants are equipped with several stages of low- 
pressure and high-pressure feedwater heating within the turbine cycle. There may 
be as many as three or four stages of low-pressure closed feedwater heaters situated 
between the condenser and the deaerator which supplies heated condensate to the 
feedwater pump. Under transient conditions when load change is sudden and large, 
a check valve in the steam extraction line from turbine to deaerator closes to avoid 
backflow and possible damage to turbine blading. Deaerator pressure at this moment 
decreases fairly rapidly, while colder water from the condensate system continues 
to enter the deaerator, and hot water continues to be withdrawn. 

Turbine load rejection is a case of an even more severe transient. Immediately 
following a turbine load rejection from a maximum load, warm condensate will 
enter the deaerator initially. The temperature of the condensate, however, will 
eventually decay to a point exactly equal to the condenser hot-well temperature 
because the low-pressure heaters will no longer receive extraction steam from the 
turbine. It is this transient condition which should receive prime consideration in 
feedwater system design. 

As extraction steam is cut off from the deaerator, pressure in the corresponding 
deaerator storage tank falls rapidly, as does the pressure at the pump suction. 
However, temperature and vapor pressure of water at the pump do not change 
until colder water from the tank has had a chance to travel down the pump suction 
piping. If actual pressure at the pump impeller falls below the vapor pressure there, 
cavitation will result. It is the production of these vapor pockets, or bubbles, and 
the consequent collapse as the head, or pressure, is developed in the impeller, that 
generates the cavitation which produces the noise, vibration, and the pitting attack 
of the impeller's surfaces. The measurable consequences of cavitation on a pump's 
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performance are a loss in flow and head resulting from voiding of vane passages, 
turbulence, and two-phase flow. 

The design of fluid systems must clearly establish criteria that address steady- 
state and transient conditions from the view of system or component protection. 
Certain types and severity levels of transients can be accommodated by the pump 
but may not be tolerated by the system. 

Short-term transients can be considered momentary events where the available 
NPSH falls below the required NPSH at a particular moment. These events will 
probably have no measurable effects on the pump mechanically and, because of 
their duration of fractions of a second to seconds, should not measurably affect 
performance which would be restored with restored suction conditions. 

Transients which occur for periods that range from seconds to a few minutes 
will have a measurable impact on performance. Sustained suction conditions that 
are below minimum NPSH requirements will cause cavitation in the eye of the 
pump's suction impeller, which in turn will reduce flow and developed head. Long- 
term, low-NPSH transients, by design, must be avoided. 

To protect the main feed pump against unwanted transient suction pressure 
decay and cavitation, the following steps can be considered by the plant designer: 


1. Increasing static suction head by raising the deaerator or lowering the pumps. 
The absence of high structure in nuclear power plants creates a location problem 
for a deaerator. 


2. Increasing deaerator storage capacity. A deaerator removes entrained oxygen 
from feedwater and provides a surge tank which reduces the possibility for rapid 
transients and provides approximately 5-min storage if a condensate pump fails. 


3. Reducing pump suction pipe (downcomer) resident capacity by sizing the con- 
necting piping as small as practical and routing it as directly as possible. Prelimi- 
nary sizing of the downcomer should be based on a flow velocity of 10 ft/s (3 
m/s). 


4. Lowering deaerator pressure. In most fossil-fueled power plants, deaerators 
operate at either the fourth or fifth turbine extraction point in the eight-heater 
cycle which means at 80 or 160 psia (5.5 or 11 bar) respectively. Operating 
experience with these pressure levels is sufficient to justify the use of either. 


5. Installing a booster feed pump. Auxiliary turbine-driven feed pumps require 
low-speed, low-head booster pumps (generally of single-stage design) ahead of 
the main feed pump. This booster pump is capable of handling the required 
capacity with the low NPSH required. A survey revealed that every power plant 
larger than 400 MW currently under construction uses auxiliary turbine drives 
for feed pumps and their boosters. 


6. Injecting steam into deaerator (pegging). 


7. Injecting cold water at a point sufficiently ahead of the pump suction nozzle to 
provide good mixing (deaerator bypass system). 


While items (1) through (5) may be called preventive actions, items (6) and (7) are 
corrective actions. 

In order to chose the base design for a particular plant, information on the 
magnitude of the NPSHA decay during the transient is needed. Theoretical back- 
ground for computerized or hand calculations relating to these problems, as well 
as numerical examples, are presented in Refs. 50, 51, 52. 

Pump NPSH transients have been modeled, photographed under test conditions, 
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and certain chronic transients have resulted in verifiable documented cases where 
NPSH conditions were the cause of pump problems. However, in spite of our 
sophistication and diligence in this area, over many decades NPSH transients and 
their impact remain a serious problem. 

NPSH transients must be understood as well as the pump's capabilities to with- 
stand such events; then margins can be applied initially in the design of the system. 
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INTRODUCTION 


History 


It has been known for over 100 years that portland cement mortar and concrete 
provide considerable protection to embedded ferrous materials against the corrosive 
effects of soil and water. The most common embedded ferrous material receiving 
this type of protection has been the steel bars in reinforced concrete. There are 
literally thousands of reinforced concrete bridges, buildings, parking garages, and 
other structures in service today. During the 1920s practical methods were developed 
to apply portland cement mortar linings to cast-iron and steel pipe in the manufactur- 
ing plant. In the 1930s a method for applying cement mortar linings to in-situ pipe 
was developed. Since that time, a significant amount of steel pipe, cast-iron pipe, 
and more recently, ductile iron pipe has been lined with portland cement mortar. 
Portland cement mortar linings have become the most common protective measure 
used for pipe in water and wastewater service. The concrete pressure pipe industry 
also took advantage of the protective properties of portland cement mortar and 
concrete during the development of reinforced concrete pressure pipe in the early 
1900s and prestressed concrete pressure pipe in the early 1940s. Since the mid- 
1940s, portland cement mortar and concrete linings for concrete pressure pipe have 
proven highly successful, with almost all such pipe still remaining in active service. 
Portland cement mortar and concrete linings are very economical and provide 
superior corrosion protection. 


Terminology and Definitions 


Mortar A mixture of portland cement, fine ag- 
gregate (sand), and water 
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Concrete A mixture of portland cement, fine 
aggregate (sand), coarse aggregate 
(gravel), and water 


Tuberculation The formation of localized corrosion 
products scattered over the metal sur- 
face in the form of knoblike mounds 


Passivation The formation of a tightly adhering and 
protective chemical oxide film on the 
metal surface due to the presence of 
highly alkaline portland cement mor- 
tar or concrete 


Vertical casting A method of placing the concrete for a 
pipe involving the use of a steel inside 
form and outside form 


Centrifugal casting A method of placing a concrete or mor- 
tar lining by centrifugal force inside a 
revolving cylinder 


Radial compaction A vertical method of placing a pipe's 
concrete lining by the use of a special 
revolving packerhead 


Pneumatic placement A method of applying a mortar lining 
to a surface using compressed air 
equipment 

Application 


The interior of unprotected ferrous metal water pipelines can be attacked and 
damaged by corrosion, which in turn can lead to the formation of leaks, scale, or 
tuberculation or a combination of these defects. Leaks obviously compromise the 
structural integrity of the pipeline, resulting in the need for repair or replacement. 
The buildup of corrosion products in the form of scale or tuberculation can seriously 
degrade the flow characteristics of the pipeline. If the condition becomes severe 
enough, repair or replacement is required. For this reason, it is imperative that 
some form of protection be provided to the ferrous metal surface. Portland cement 
mortar and concrete protective linings have been found to be a highly effective 
and economical solution. 


Reference Standards 


Table B9.1 summarizes the commonly used industry standards which apply to 
portland cement mortar and concrete linings for pipe. 


References 


Table B9.2 lists American Water Works Association (AWWA) manuals that provide 
technical information and guidance for portland cement mortar- and concrete- 
lined pipe. 
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TABLE B9.1 Reference AWWA Standards for Cement Mortar and Concrete Linings 


for Pipe 


Number 


Title 


Remarks 


American National Stan- 
dards Institute (ANSI)/ 
American Water Works 
Association (AWWA) 
C104/A21.4! 


Standard for Cement-Mor- 
tar Lining for Ductile- 
Iron Pipe and Fittings 
for Water 


For factory-applied mortar 
linings in ductile iron 
pipe 


ANSI/AWWA C205? 


Standard for Cement-Mor- 
tar Protective Lining 
and Coating for Steel 
Water Pipe-NPS 4 (DN 
100) and Larger-Shop 
Applied 


For factory-applied mortar 
linings in steel pipe 


ANSI/AWWA C300? 


Standard for Reinforced 
Concrete Pressure Pipe, 
Steel-Cylinder Type 


For concrete and mortar 
linings in concrete pres- 
sure pipe 


ANSI/AWWA C301‘ 


Standard for Prestressed 
Concrete Pressure Pipe, 
Steel-Cylinder Type 


For concrete and mortar 
linings in concrete pres- 
sure pipe 


ANSI/AWWA C302? 


Standard for Reinforced 
Concrete Pressure Pipe, 
Non-Cylinder Type 


For concrete and mortar 
linings in concrete pres- 
sure pipe 


ANSI/AWWA C303 


Standard for Concrete 
Pressure Pipe, Bar- 
Wrapped, Steel-Cylinder 


Type 


For mortar linings in con- 
crete pressure pipe 


ANSI/AWWA C602? 


Standard for Cement-Mor- 
tar Lining of Water Pipe- 
lines in Place-NPS 4 
(DN 100) and Larger 


For field-applied mortar 
linings in steel pipe, cast 
iron pipe, and ductile 
iron pipe 


Corrosion-Preventative Properties of Portland Cement Mortar and 
Concrete for Lined or Encased Steel and Iron 
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Portland cement mortar or concrete linings protect steel and iron by three interre- 
lated processes: 


1. They form a barrier coating which works to prevent physical damage to the 
metal surface. 


2. They passivate the metal surface. Hydrated portland cement is highly alkaline, 
with a pH of about 12.5. At that pH, a passivating oxide film forms and is 
maintained on the metal surface, preventing corrosion. 
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TABLE B9.2 Reference AWWA Manuals for Cement Mortar and Concrete Linings 
for Pipe 


Title Remarks 


American Water Works Association Manual Covers the four types of concrete pres- 
of Water Supply Practices *M9— Concrete sure pipe and fittings 
Pressure Pipe"? 


American Water Works Association Manual Covers steel pipe and fittings 


of Water Supply Practices *M11— Steel 
Pipe-A Guide for Design and Installation"? 


American Water Works Association Manual Covers ductile iron pipe and fittings 
of Water Supply Practices *M41— Ductile 
Iron Pipe and Fittings"? 


3. Chemical reactions can occur in the mortar or concrete lining which can make 
infiltrating corrodants harmless, or they can form compounds that physically 
block further infiltration of corrodants. 


Table B9.3 lists the types of fluids for which cement mortar and concrete linings 


are suitable and recommended. 


TABLE B9.3 Transmitted Fluids for 
Which Cement Mortar and Concrete 
Linings Are Suitable 


Transmitted fluid 


Raw fresh water 
Potable water 
Raw sewage 


Treated sewage 

Seawater 

Power plant cooling water (both seawa- 
ter and fresh water) 


CONCRETE PRESSURE PIPE AND FITTINGS 


Pipe 


Pipe manufactured in accordance with the ANSI/AWWA C300? C301,* and C3025 
standards is required to have high-strength structural concrete on the inside surfaces 
of the pipe which, in addition to enhancing the load-carrying capability, provides 
corrosion protection to the embedded reinforcing elements. All concrete is placed 
at the factory by vertical casting, centrifugal casting, or radial compaction methods. 

Pipe manufactured in accordance with the ANSI/AWWA C303‘ standard is 
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TABLE B9.4 Concrete Core and Mortar Lining Application and Curing Methods for 
Concrete Pressure Pipe 


ANSI/AWWA 
C300 


ANSI/AWWA 
C301 


ANSI/AWWA 
C302 


ANSI/AWWA 
C303 


Application 


Vertical casting 
or radial com- 
paction, con- 
crete mix tem- 


perature must 
be between 
40°F (4°C) and 
90°F (32°C) 


Centrifugal cast- 
ing, vertical 
casting, or ra- 
dial compac- 
tion, concrete 
mix tempera- 
ture must be 
between 40°F 
(4°C) and 90°F 
(32°C) 


Vertical casting 
or radial com- 
paction, con- 
crete mix tem- 
perature must 
be between 
40°F (4°C) and 
90°F (32°C) 


Centrifugal cast- 
ing, concrete 
mix tempera- 
ture must be 
over 40°F 
(4°C) 


Accelerated 
method with 
steam for 12 
hrs minimum, 
or with water 
for 12 hrs 
minimum 


Accelerated 
method with 
steam for 12 
hrs minimum, 
or with water 
for 12 hrs 
minimum 


Accelerated 
method with 
steam for 12 
hrs minimum, 
or with water 
for 12 hrs 
minimum 


Accelerated 
method with 
steam for 6 
hrs minimum, 
or with water 
for 24 hrs 
minimum 


Fittings 


Application 


Hand-placed or 
pneumatic 
placement 


Hand-placed or 
pneumatic 
placement 


Hand-placed or 
pneumatic 
placement 


Centrifugal cast- 
ing, hand- 
placed, or 
pneumatic 
placement 


Accelerated 
method with 
steam for 12 
hrs minimum, 
with water for 
12 hrs mini- 
mum, or cur- 
ing com- 
pound per 
ASTM C309 


Accelerated 
method with 
steam for 12 
hrs minimum, 
with water for 
24 hrs mini- 
mum, or cur- 
ing com- 
pound per 
ASTM C309 


Accelerated 
method with 
steam for 12 
hrs minimum, 
with water for 
12 hrs mini- 
mum, or cur- 
ing com- 
pound per 
ASTM C309 


Accelerated 
method with 
steam for 6 
hrs minimum, 
with water for 
24 hrs mini- 
mum, or cur- 
ing com- 
pound per 
ASTM C309 


required to have a mortar protective lining. The mortar is mixed using 1 part 
portland cement to 3 parts fine aggregate, with enough water added to obtain the 
necessary workability. The mortar lining is placed at the factory by the centrifugal 
casting method. 


Fittings 


The fabricated steel fittings for all four types of concrete pressure pipe (ANSI/ 
AWWA C300? C301,* C302? and C3035) receive a mortar lining. The mortar is 
mixed using 1 part portland cement to 3 parts fine aggregate, with enough water 
added to obtain the necessary workability. These mortar linings are placed at the 
factory by hand layup, pneumatic placement, or centrifugal casting methods. 
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Application methods and curing 


Table B9.4 summarizes the lining application and curing methods allowed by the 
various concrete pressure pipe standards. This table also shows the limits on the 
ambient temperature and the mortar or concrete mix temperature during application 
of the lining. 


Thickness 


The thickness of the concrete or mortar linings for concrete pressure pipe vary by 
pipe diameter and pipe type but are at least 0.50 in (13 mm) thick. In the case of 
the AWWA C300, C301,' and C302? pipe, the concrete core, in addition to providing 
corrosion protection to the steel cylinder or reinforcing mesh, provides resistance 
to external loads. This is why the thickness can vary with the design parameters. 
The mortar lining in the AWWA C303° type of pipe is primarily used to provide 
corrosion protection to the steel cylinder. Its thickness does not generally change 
with the design parameters. The mortar lining for fittings of all concrete pressure 
pipe types must be at least 0.375 in (9 mm) thick. The primary purpose of the 
mortar lining in fittings is to provide corrosion protection. 


Joint Protection 


As shown in Fig. B9.1, a small annular gap between the lining of adjoining pipe 
sections results after assembly of a concrete pressure pipe steel bell and spigot joint 
in the field. Depending on the nature of the water being transported and the 
protective coating applied to the joint rings by the pipe manufacturer, it may be 


Prestressing wire 


Steel cylinder 
Grout after laying 


Mortar coating 
Rubber gasket 
Bell ring 


Spigot ring 
Concrete core 


Field placed cement mortar in joint if required 


FIGURE B9.1 Mortaring of interior joint recess for prestressed concrete cylinder pipe. 
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necessary for the installing contractor to mortar this annular recess to protect the 
steel joint rings. The transmission of aggressive water such as raw sewage or seawater 
usually requires that the inside joint recess be filled with cement mortar after instal- 
lation. 


DUCTILE IRON PIPE AND FITTINGS 


In most cases, ductile iron pipe and fittings are mortar-lined at the factory. Field 
application of a mortar lining is normally done on older, in-service pipe for rehabili- 
tation purposes. Ductile iron pipe can be supplied with protective linings other 
than cement mortar lining. Some of the other protective linings may be more 
appropriate, depending upon the fluid being transported. For instance, ductile iron 
pipe transmitting raw sewage under gravity flow conditions might be lined with a 
protective material since sulfuric acid, which may form in the space above the flow, 
can severely attack portland cement mortar linings and ferrous pipe materials. For 
most nonaggressive raw water and potable water transmission situations, cement 
mortar linings are very economical and the most common means of protection. 
Table B9.5 summarizes the mortar lining application methods, curing methods, 
and mix proportions used in the manufacturing plant and in the field for ductile 


TABLE B9.5 Cement Mortar Lining Application, Curing, and Mix Proportions for 
Ductile Iron Pipe 


Applied at manufacturing plant 


Applied in the field 


Application 


Centrifugal casting or pneumatic 
placement 


Mechanical placement 
and troweling 


Curing 


Asphaltic seal coat, steam, or water 


Water 


Mix pro- 
portions 


1 part portland cement, not more 
than 2 parts fine aggregate, and 
sufficient water to achieve re- 
quired workability 


1 part portland cement 
to 1-172 parts fine ag- 
gregate, and sufficient 
water to achieve re- 
quired workability 


Fittings | Application 


Hand-placed or pneumatic 
placement 


Hand-placed if not by 
mechanical place- 
ment and troweling 


Curing 


Asphaltic seal coat, steam, or water 


Water 


Mix pro- 
portions 


1 part portland cement, not more 
than 2 parts fine aggregate, and 
sufficient water to achieve re- 
quired workability 


1 part portland cement 
to 1-172 parts fine ag- 
gregate, and sufficient 
water to achieve re- 
quired workability 


B.476 GENERIC DESIGN CONSIDERATIONS 


TABLE B9.6  Factory-Applied Mortar Lining Thickness for Ductile 
Iron Pipe and Fittings 


Pipe size range Mortar lining thickness 


NPS 3-NPS 12 (DN 75-DN 300) 0.0625 in (1.6 mm) 


NPS 14-NPS 24 (DN 350-DN 600) 0.0938 in (2.4 mm) 


NPS 30-NPS 64 (DN 750-DN 1600) 0.125 in (3.2 mm) 


iron pipe and fittings. Table B9.6 summarizes the factory-applied mortar lining 
thickness requirements for ductile iron pipe and fittings. Linings with twice the 
thicknesses shown in Table B9.6 (known as double thickness) can be supplied for 
extra protection if requested by the purchaser. Table B9.7 shows the field-applied 
mortar lining thickness requirements for ductile iron pipe and fittings. 


TABLE B9.7 Field-Applied Mortar Lining Thickness for 
Ductile Iron Pipe and Fittings 


Mortar lining thickness for 
Pipe size range old and new ductile iron 


4-10 in (100-250 mm) 0.1875 in (4.8 mm) 


11-23 in (280-580 mm) 0.25 in (6.4 mm) 


24-36 in (600—900 mm) 0.3125 in (8 mm) 


236 in (900 mm) 0.3125 in (8 mm) 


Joint Protection 


As with the concrete pressure pipe joint, in the case of factory-applied mortar 
linings, a small annular gap between the lining of adjoining pipe sections results 
after assembly of a ductile iron bell and spigot joint in the field. Depending on the 
nature of the water being transported and the protective coating applied to the 
joint surfaces by the pipe manufacturer, it may be necessary for the installing 
contractor to mortar this annular recess to protect the joint. In the case of field- 
applied mortar lining, the lining is continuous across the joint, and no further work 
is needed at the joint. 


STEEL PIPE AND FITTINGS 


The decision regarding where to apply the mortar lining for steel pipe—at the 
manufacturing plant or in the field—is based on a number of factors including 
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TABLE B9.8 Cement Mortar Lining Application, Curing, and Mix Proportions for Steel 


Pipe and Fittings 


Applied at manufacturing plant 


Applied in the field 


Application 


Centrifugal casting 


Mechanical placement 
and troweling 


Curing 


Steam or water 


Water 


Mix pro- 
portions 


1 part portland cement, not more 
than 3 parts fine aggregate, and 
sufficient water to achieve re- 
quired workability 


1 part portland cement 
to 1-172 parts fine ag- 
gregate, and sufficient 
water to achieve re- 
quired workability 


Fittings | Application 


Hand-placed or pneumatic place- 
ment if not by centrifugal casting 


Hand-placed if not by 
mechanical place- 
ment and troweling 


Curing 


Steam or water 


Water 


Mix pro- 
portions 


1 part portland cement, not more 
than 3 parts fine aggregate, and 
sufficient water to achieve re- 
quired workability 


1 part portland cement 
to 1-172 parts fine ag- 
gregate, and sufficient 
water to achieve re- 
quired workability 
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manufacturer capabilities, pipe diameter, shipping and handling considerations, and 
field installation conditions. As with ductile iron pipe, steel pipe can be supplied 
with a range of linings, only one of which is cement mortar lining. 

Table B9.8 summarizes the mortar lining application methods, curing methods, 
and mix proportions used in the manufacturing plant and in the field for lining 
steel pipe and fittings. Table B9.9 shows the factory-applied mortar lining thickness 
requirements for steel pipe and fittings. Table B9.10 shows the typical field-applied 
mortar lining thickness requirements for steel pipe and fittings. 


TABLE B9.9 Factory-Applied Mortar Lining Thickness 
for Steel Pipe and Fittings 


Pipe size range Mortar lining thickness 


4—10 in (100-250 mm) 0.25 in (6 mm) 


11-23 in (280-580 mm) 0.3125 in (8 mm) 


24-36 in (600-900 mm) 


0.375 in (10 mm) 


236 in (900 mm) 0.50 in (13 mm) 
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TABLE B9.10 Field-Applied Mortar Lining Thickness for Steel Pipe and Fittings 


Mortar lining thickness Mortar lining thickness 
Pipe size range for old steel for new steel 


4—10 in (100-250 mm) 0.3125 in (8 mm) 0.25 in (6 mm) 


11-23 in (280-580 mm) 0.375 in (10 mm) 0.3125 in (8 mm) 


24-36 in (600-900 mm) 0.4375 in (11 mm) 0.375 in (10 mm) 


236 in (900 mm) 0.5625 in (14 mm) 0.50 in (13 mm) 


Joint Protection 


In the case of factory-applied mortar linings, it is necessary for the contractor to 
mortar the inside gap at the joints after installation. Field-welded joints, for instance, 
will have had the mortar lining held back a few inches at each end to avoid damage 
due to welding. Figure B9.2 illustrates this example showing a steel pipe lap-welded 
slip joint. The installing contractor must hand-place the mortar to these uncoated 
surfaces after welding. This mortar shall be mixed using 1 part portland cement to 
not more than 3 parts fine aggregate by weight. Use only enough water to obtain 
the required workability. In the case of field-applied mortar lining, the lining is 
continuous across the joint, and no further work is needed at the joint. 


Spígot end 


Field weld 
Formed bell end 


SKE OTL 


Field weld 


Cement mortar lining 
Field placed cement mortar in joint recess 


FIGURE B9.2 Mortaring of interior joint recess for field-welded lap joint steel pipe. 
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Supplemental Protection for Concrete and Mortar Linings 


There are some service conditions which can be aggressive to concrete and mortar 
linings. Two of the most common are: 
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Raw sewage: In sewer lines that do not flow full, under certain conditions hydrogen 
sulfide gas can be generated by biological action in the flow area and then be 
discharged into the air space above the flow line. In the environment above the 
flow line, bacteria and moisture can convert this hydrogen sulfide gas to sulfuric 
acid, which will attack concrete and mortar linings. 


Soft water: Soft water (water with very low calcium carbonate hardness) may 
attack concrete and mortar linings by leaching minerals from the cement matrix. 


If these conditions are expected to occur in the pipe, steps should be taken to 
protect the concrete or mortar lining or to use another lining that is resistant to 
these conditions. The pipe manufacturer should be consulted for specific recommen- 
dations and availability of supplemental protective measures. 


Inspection and Repair 


After pipe has left the factory, the mortar or concrete lining may be subject to 
minor shrinkage cracking, especially in low humidity conditions. The existence of 
this type of cracking usually does not indicate any structural distress. Once the pipe 
has been filled with water, the shrinkage process will reverse and minor cracks will 
close. All pipe and fittings should be carefully inspected upon their arrival on the 
jobsite. Damaged, loose, or severely cracked concrete or mortar lining should be 
noted at this time and evaluated for repair. The pipe manufacturer should be 
consulted for assistance in evaluation and for repair procedures. 


Shipping and Handling 


Care should always be exercised when lifting and handling concrete- or mortar- 
lined pipe. Wire rope lifting cables should never be placed through the pipe or 
fitting and allowed to bear directly against the lining. Any lifting device that bears 
against the concrete or mortar lining must be suitably padded to avoid damage. 
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INTRODUCTION 


Corrosion is a global problem, consuming 3 to 4 percent of gross national product 
in the developed countries of the world.' Selecting economical and effective tech- 
niques for minimizing the effects of corrosion is a critical design decision in pipelines 
as well as in other technologies. Protecting pipeline systems from corrosion is 
essential to prevent leaks and consequent possible environmental disasters, fire and 
explosion, personal injury, service disruption, and costly maintenance. Protective 
measures are critical, yet they represent only a small fraction of the long-term 
overall cost of a pipeline system. The effectiveness of the corrosion-prevention 
system has a direct bearing on the design life of the pipeline and significantly 
influences operational costs such as general maintenance, pumping energy, and 
capacity upgrades. 

This chapter reviews fusion-bonded epoxy (FBE) coatings, three-layer polyolefin 
coatings which utilize FBE as the primary corrosion coating, and FBE linings as 
solutions for mitigating external and internal pipeline corrosion. 

Higher operating temperatures in modern pipeline systems and a host of hostile 
environmental conditions during transportation, installation, and use require a new 
generation of FBE-based world-class coatings to protect the pipe exterior? The 
FBE primary coating controls the steel/coating interface where corrosion begins. 
Advanced field application technology provides comparable-quality same-system 
coatings for the girth weld. 
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Higher levels of hydrogen sulfide (H,S), carbon dioxide (CO,), salt water, and 
higher operating temperatures aggravate internal pipe corrosion. Corrosion-resis- 
tant alloys, inhibitors, and linings provide solutions for internal corrosion problems. 
FBEs have been formulated to operate in these very harsh service environments. 
These internal linings provide additional advantages besides corrosion prevention 
for the pipeline system. For example, they’: 


* Improve fluid flow for higher throughput and reduced energy requirements 
* Improve pipe inspection prior to installation 


* Prevent corrosion during storage 
* Facilitate pipeline cleaning and water disposal after hydrostatic testing 


BACKGROUND, HISTORY, AND ADVANTAGES 
OF FBE LININGS AND COATINGS 


Fusion-bonded epoxy is a one-part, heat-curable, thermosetting epoxy resin powder. 
The application of heat causes this material to melt and adhere to a metal substrate. 
The resulting coating contains no trapped solvents, exhibits excellent adhesion 
qualities, and provides a tough, smooth finish that is resistant to abrasion and 
chemicals. FBEs have been in use since 1960 to protect pipelines from corrosion. 
It is estimated that over 50,000 miles (80,000 kilometers) of FBE-coated pipelines 
are installed around the world. 

FBE is the favored primary coating for three-layer polyolefin corrosion coatings. 
In this technology, it has been in use since 1979. 

FBE is currently specified in the oil, gas, and water pipeline industries. It has 
been used as an internal lining in desalination plants in Australia and the Middle 
East, and on gas transmission pipelines? It has been in use to protect downhole 
tubing for over 20 years. More recently, it has been used in sour crude pipelines.* 

In the water industry, FBE provides a thinner coating compared to concrete, 
enabling smaller pipe sizes and reduced bulk and weight during handling and 
installation of pipe. The smooth, hard coating provides reduced friction compared 
to uncoated or concrete-lined pipe. This results in more efficient flow, reduced 
energy costs, and lower installed pump or compressor investment. It has been used 
on valves, pumps, and fittings in water districts for both water and sewer systems 
in California for nearly 30 years. It is in use protecting brine-pit piping systems, 
solving erosion corrosion problems as well as general corrosion? FBE has been 
used in high-sand-content seawater cooling pipework for 10 years and these installa- 
tions are still in excellent condition. It has been applied to valves and pipework 
handling seawater for the U.S. Trident submarine program and has a 20-year history 
in the pump manufacturing industry, effectively protecting against cavitation and 
slurry damage. In the United Kingdom, FBE has protected drinking water pipework 
since 1978, with coatings on over 2,153,000 ft? (200,000 m?) of piping.* Specific 
formulations meet the drinking-water requirements of many countries. 

There are reports of 6 to 18 percent flow efficiency improvements in gas transpor- 
tation when using FBE internally-lined pipe as opposed to bare steel pipe. Using 
the 6 percent figure on an 800-mile (1300-kilometer) NPS 30 (DN 750) pipeline 
with a discharge pressure of 960 psig (6600 kPa) and a compressor station every 
80 miles (130 kilometers), the potential savings are over $4 million in compressor 
equipment cost, plus an annual energy savings of about $1 million. 
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TERMINOLOGY 


Cathodic Disbondment. Loss of coating adhesion around a holiday (hole in the 
coating) when the coated pipe is provided with cathodic protection. The phenome- 
non of cathodic disbondment happens with all organic coatings.’ 


Cathodic Protection. When external pipeline corrosion takes place, there are an- 
odic and cathodic areas on the surface. In the anodic areas (the corroding sites), 
current flows from the pipeline steel into the surrounding electrolyte (water in the 
soil). Where the current flows from the electrolyte to the pipeline, the area is 
cathodic and does not corrode. An external source of current flowing to the pipe will 
make it cathodic and will prevent corrosion. This method of corrosion prevention is 
called cathodic protection.*? 


Cathodic Shielding. Cathodic shielding can take place when an electrically insulat- 
ing barrier prevents current flow from reaching the pipe. An example is disbonded 
coating that allows water to come in contact with the pipe, but does not allow 
cathodic protection current to passivate the pipe surface. Current flow under the 
coating will depend on the resistance of the water there and, after a short distance, 
will be insufficient to protect the pipe from corrosion.’ 


Coating. Application of FBE on the internal or external surface of a pipe or other 
metallic equipment. When applied on the internal surface, it is referred to as a 
lining, and, when applied to an external surface, it is called an external coating. 


Cure Time. The time required to complete the heat-induced crosslinking reaction 
to the point where the coating provides the acceptable level of performance." 


DGEBA. Diglycidyl ether of bisphenol A, a widely used solid epoxy resin em- 
ployed in the manufacture of fusion-bonded epoxy pipe coatings.” 


FBE. Fusion-bonded epoxy. 


Fusion-Bonded Epoxy. A one-part, heat-curable, thermosetting epoxy-resin pow- 
dered-coating material normally comprised of an epoxy and a curing agent, plus 
other materials to provide a tough, well-adhered coating. The powder is sprayed 
onto a hot pipe where it melts, flows, and cures. 


Gel Time. The time interval during which the coating material converts from a 
molten liquid to a solid. 


Holiday. A discontinuity, or hole, in the coating that allows an electric charge to 
pass at a specific voltage.” 


Joint. 1. A length of pipe. 2. The welded area connecting two pieces of pipe (i.e., 
field joint). 


Nested. Rows of pipe that rest directly on each other in storage. 


NSF. National Sanitation Foundation (U.S. certification agency for potable drink- 
ing water systems). 


Powder Coating. See fusion-bonded epoxy. 


Soil Stress. Damage to a pipeline coating caused by wet/dry cycling of the soil 
and/or pipe movement caused by temperature change. 


Stacked. Rows of pipe placed on each other in storage, but with intervening layers 
of stripping (normally wood). 


Stress-Corrosion Cracking. In the presence of stress, corrosion cracks can initiate.’ 
The incidence of failures on pipelines have been in cathodically protected areas of 
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disbonded coatings where liquids at a pH of 9 to 11 and carbonate/bicarbonate 
solutions have collected! between the coating and the surface of the steel. 
Three-layer Coating. External pipe coating composed of an epoxy primary corro- 
sion-protection layer, a tie-layer of modified-polyolefin adhesive, and an overcoating 
of polyolefin. 


TYPES OF ORGANIC PIPELINE PROTECTION 
LININGS AND COATINGS 


Internal Linings 


Internal pipeline linings are commonly divided into three categories: concrete, 
rubber, and plastics. 


Concrete Linings. ‘There are several factors to consider beside the initial cost per 
unit area of coating application." Of particular interest are the effects of the concrete 
liner on the pipe diameter, and its roughness. A concrete lining is thicker than FBE 
lining, and consequently the concrete-lined pipe has a smaller inside diameter than 
FBE-lined pipe (Refer to Chapter B9 for a detailed discussion of concrete-lined 
pipe.) Plastic linings generally reduce the diameter by 40 mils (1000 microns) or 
less. Thus, the use of plastic linings can result in utilizing a smaller pipe size while 
retaining the same throughput. Refer to Chapter B12 for details on plastic lining. 
Another major advantage of using plastic linings instead of concrete is the reduction 
of roughness. 


Rubber Linings. Refer to Chapter B11 for detailed discussion of rubber lined 
piping. 


Plastic Linings. Internal plastic linings have been used in oil well downhole tubu- 
lars for almost 50 years. See Table B10.1 for material comparisons." 


Phenolic resins, formed by the chemical reaction between phenol and formalde- 
hyde, have the longest history. They provide good performance at high service 
temperatures and high pressures. Phenolic-based linings have low permeability 
to water vapor, and good carbon dioxide, solvent, and abrasion resistance. Low 
impact resistance, low flexibility, and moderate caustic resistance limit their 
usage. They are gas-permeable and normally are not applied beyond 5 to 8 mils 
(125 to 200 microns) in thickness. Phenolic liquids must be layered in multiple 
coats to achieve the necessary thickness and to facilitate solvent removal. 


Urethane linings have experienced some usage over the last few years because 
of improved abrasion resistance and flexibility. However, recent improvements 
in other systems, such as FBE, have limited urethane's growth in the marketplace. 


Nylon powder linings provide good flexibility, abrasion, saltwater, and impact 
resistance, but suffer from limited temperature resistance, hydrogen sulfide sensi- 
tivity, and acid resistance. 

Modified epoxy-phenolic lining systems provide improved flexibility and caustic 


resistance compared to phenolics but exhibit reduced operating temperature 
ranges and acid resistance. They also tend to be permeable to water. 
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TABLE B10.1 


Type 


Types of Organic Internal Linings 


Advantages 


Disadvantages 


Upper 
temperature 


Single coat 


Phenolic 


* Low water vapor 
permeability 

* Good carbon diox- 
ide, solvent, and 
abrasion resistance 


* Low impact 

* Low flexibility 

* Moderate caustic 
resistance 


392°F 
(200°C) 


N 


Urethane 


* Good abrasion 

e Flexible 

€ Smooth, resists 
paraffin build-up 


220°F 
(105°C) 


* Good abrasion 

@ Flexible 

* Good salt-water 
resistance 

* Resists installation 
handling damage 


* Low hydrogen sul- 
fide and acid resis- 
tance 


220°F 
(105°C) 


Epoxy- 
phenolic 


@ Improved flexibility 
and caustic resis- 
tance compared to 
phenolic 

* Resists depressur- 
ization 


€ Increased water- 
vapor permeability 

* Reduced acid resis- 
tance compared to 
phenolic 


250°F 
(120°C) 


Epoxy- 
novolac— 
FBE 


* Improved flexibility 
and caustic resis- 
tance compared to 
phenolic 

* Resists depressur- 
ization 


@ Increased water- 
vapor permeability 

* Reduced acid resis- 
tance compared to 
phenolic 


300°F 
(150°C) 


Epoxy—FBE 


e Flexible 

* Good salt-water 
resistance 

* Resists installation 
handling damage 


@ Increased water- 
vapor permeability 

* Reduced acid resis- 
tance compared to 
phenolic 


250°F 
(120°C) 


Abbreviation definitions: 

Single Coat: Y = yes, the coating can be applied in a single pass. For example, FBE coatings are 
frequently applied at a coating thickness of 25 mils (625 microns). N = No, materials like phenolics are 
applied in several layers of 25 to 50 microns (1 to 2 mils). 

Type: TS = thermoset coating system (there is a chemical reaction which causes the coating to cure 
and take on final properties). TP = thermoplastic. L = liquid. P = powder. 


FBEs show improved flexibility and are saltwater, carbon dioxide, and caustic 
resistant. Like modified epoxy-phenolic liquid systems, they are generally limited 
to an operating temperature of 250°F (120°C). New chemistry is improving the 
operating-temperature and chemical-resistance windows for FBE linings. For 
best performance, the thickness is normally 16 mils (400 microns) and above. The 
coating is applied in one operation; FBEs have no volatile organic compounds 
(VOCs). In many cases FBE coatings are displacing other lining types. 
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External Coating 


There are a number of factors to consider when selecting an external pipeline 
coating.'>!° These include: 


¢ Physical and chemical stability 

* Resistance to soil stress 

* Adhesion and resistance to impact 
* Resistance to cathodic disbonding 


Types of External Pipe Coatings. This subsection reviews the available external 
pipe coatings and their capabilities on the just-noted factors: 


Polyethylene tapes usually consist of a primer followed by adhesive backed 
polyethylene tape spiral-wound around the pipe. Alternatives include two sepa- 
rate tape layers. Tape is often applied over the ditch over a wire-brush-cleaned 
surface. Tapes provide economy of materials but have poor resistance to installa- 
tion damage. Tape-coated pipes are susceptible to soil stress and can insulate the 
pipe from cathodic protection? current, thus creating a corrosive environment. 
They are also vulnerable to corrosion at the weld seam and at the tape overlap. 


Extruded polyethylene over mastic has good resistance to installation and han- 
dling damage, but can be affected by shrinkage and soil stress. Currently, it is 
available for only up to NPS 24 (DN 600) diameter pipe” because of application- 
process limitations. 


Waxes and vinyl tapes require simple application technology and provide resis- 
tance to water permeation, but they are susceptible to damage due to cathodic 
disbondment and have a very limited operating temperature range. 


Asphalt enamels also have the advantage of utilizing simple technology. However, 
they soften at higher operating temperatures and have poor resistance to mois- 
ture and soil stress.” Field studies have also shown that they have a tendency 
to cathodically shield the pipe, which means that corrosion can take place even 
though the cathodic-protection system appears to be functioning normally. There 
is evidence that stress-corrosion cracking of the steel pipe can take place under 
enamel coatings. 


Coal-tar enamels show good resistance to cathodic disbondment, which means 
moderate increases in cathodic-protection current over time. However, impact 
resistance" is poor, which leaves pipes vulnerable to handling damage and storage 
problems. Soil-stress resistance is poor," resulting in potential coating loss dur- 
ing operation. 

Three-layer polyolefins combine the good oxygen barrier properties of FBE with 
the good moisture-penetration resistance of polyolefin. The thick polyolefin layer 
also provides superior resistance to mechanical handling damage. Polypropylene 
has good high-temperature properties. There is a theoretical concern about 
cathodic shielding, but 20 years of satisfactory field performance belie that 
concern. 


Fusion-bonded epoxy coatings have good chemical resistance, do not shield the 
pipe from cathodic protection, and there are no known cases of stress-corrosion 
cracking of FBE coated pipe. The coating is tough, but when installation damage 
occurs it is readily detected and repaired. Field application of FBE coating on 
girth welds provides the same protection as the plant-applied materials. Two- 
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TABLE B10.2 Types of External Pipe Coating Systems 


Material 


Advantages 


Disadvantages 


B.487 


Temperature 
+2°F (5°C) 


Polyethylene 
tapes 


Simple application in 
field. 


Cathodic shielding— 
SCC}. Very poor resis- 
tance to soil stress. 


95°F (35°C) 


Extruded poly- 
ethylene 


Good resistance to han- 
dling and installation 
damage. Self-healing 
adhesive. 


Limited to NPS 24 (DN 
600) or smaller pipe. 
Limited at elevated 
temperatures under 
soil stress. 


105°F (40°C) 


Wax/vinyl 
tapes 


Simple technology. Low 
moisture permeation. 


Very sensitive to temper- 
ature. Prone to ca- 
thodic disbondment. 


85°F (30°C) 


Asphalt 
enamels 


Simple technology. 


Poor resistance to mois- 
ture and soil stress. 
Very sensitive to tem- 
perature. 


95°F (35°C) 


Coal-tar 
enamels 


Good corrosion resis- 
tance. 


Low soil stress resis- 
tance. Properties sensi- 
tive to temperature. 


120°F (50°C) 


Fusion bond 
epoxy 


Good corrosion resis- 
tance. Does not shield 
CP* systems. No evi- 
dence of SCC}. 


Moisture absorption and 
permeation. Suscepti- 
ble to cathodic 
disbondment. 


175°F (80°C) 


2-layer FBE 


Good corrosion resis- 
tance. Good resis- 
tance to handling and 
installation damage. 


Moisture absorption and 
permeation. 


230°F (110°C) 


3-layer poly- 
ethylene 


Good corrosion resis- 
tance. Good resis- 
tance to handling and 
installation damage. 


Cathodic shielding 
concern 


175°F (80°C) 


3-layer poly- 
propylene 


Good corrosion resis- 
tance. Good resis- 
tance to handling and 
installation damage. 


* CP: Cathodic Protection 
+ SCC: Stress-Corrosion Cracking 


Cathodic shielding 
concern 


250°F+ 
(120°C+) 
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Current Density Required for Cathodic Protection 


Current Density 4A/10 ft? (A/m?) 


10,000 Asphalt 
Mastic 
Asphalt 
1,000 Enamel 
Coal Tar 
Enamel 
100 Polyethylene 
Tape 
10 
1 
0 5 10 15 20 25 


Time--Years 


FIGURE B10.1 Lifetime pipeline costs are significantly impacted by the amount of cathodic 
protection current required to protect the pipe. FBE coatings provide an operational cost 
savings.“ 


Utilization Period 


(1965-1982) 


Year of Installation 


FIGURE B10.2 Progression of coating solutions for external pipeline corrosion mitigation 
for a major North American gas transmission company. 
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layer FBE systems have recently entered the marketplace. They allow combining 
specific performance properties of the two layers to meet pipeline requirements. 
For example, the chemistry of the primary coating can be designed for minimal 
cathodic disbondment, and the topcoat can be designed to enhance impact 
resistance and high-temperature operating performance. 


See Table B10.2 for more comparison information; also see Fig. B10.1 for ca- 
thodic protection current density requirements for coating types. See Fig. B10.2 
for the coating-systems technology migration of a major Canadian gas-transmis- 
sion company." 


FBE CHEMISTRY 


During the development of coating and lining formulations and manufacturing 
processes, two key factors must be balanced: 


¢ Requirements of the application plant that will apply the internal lining or external 
coating material 


¢ Performance requirements of the end user, the owner of the pipeline system 


If the world’s best lining or coating cannot be applied efficiently, economically, and 
consistently, it has little value. The opposite is also true.” 

To assist the “understanding” component of the selection process, this section 
provides a brief overview of fusion-bonded epoxy chemistry to illustrate the perfor- 
mance properties available and the tradeoffs required. It reviews raw materials 
used, and their effects on properties important to the applicator and the end user. 


FBE Raw Materials 


From a chemist’s viewpoint, epoxies are exciting to work with because of the wide 
range of properties that can be derived from the selection of available materials. 
Materials selection and chemistry significantly affect product performance: 


* Resins 

* Curing agents or hardeners 
* Catalysts and accelerators 
* Fillers and pigments 

* Additives 


Resins. The term epoxy” comes from the three-member ring available for reaction 
(see Fig. B10.3). While there are several different types of epoxy resins, the two 
most frequently used in FBE linings and 


coatings are based on either diglycidyl on 
ether of bisphenol A (DGEBA) or no- S 
volac chemistry. DGEBA resins provide e = C= 


excellent adherence, good mechanical 
and electrical properties, and good FIGURE B10.3 Epoxy ring. 
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resistance to chemicals. Novolacs provide a highly crosslinked coating that means 
improved elevated temperature performance and chemical resistance with re- 
duced flexibility. 

To be useful in powder coatings, an epoxy resin must be of sufficient molecular 
weight to be a brittle solid at ambient temperature, but low enough in molecular 
weight to melt, flow, and wet out the substrate at application temperatures. 


Curing Agents. To achieve desired properties, the epoxy resin must react with a 
curing agent or hardener. Curing agents can be divided into three classifications: 


* Bases 
* Acids 
* Catalytics 


Basic curing agents include materials such as aromatic amines, aliphatic amines, 
amides, and dihydrazides. Acidic hardeners include organic anhydrides, organic 
acids, and phenolics. Catalytic hardeners cause the homopolymerization of the 
epoxy resin and include such materials as Lewis acids and tertiary amines. 

Each curing system provides unique properties and is chosen carefully with 
requirements of both the pipeline owner and the applicator in mind. Crosslink 
density significantly affects flexibility and chemical resistance. Acidic cures typically 
result in materials with improved resistance to low pH environments. Conversely, 
basic cure coating systems are more resistant to high-pH, caustic environments. 
The selected curing agent should be latent at room temperature and highly reactive 
at application temperature. 


Catalysts. Catalysts, or accelerators, can be divided into two categories—Lewis 
acids and Lewis bases. Many of the curing agents previously listed will act as catalysts 
for other curing systems. Others include imidazoles, BF; complexes, quaternary 
ammonium compounds, inorganic metal salts, phenols, and sulfones. 

Catalysts serve two functions. First, they direct the curing mechanism of the 
lining or coating system. For example, the final properties of an anhydride-cured 
FBE system catalyzed with a base, such as an amine, will be significantly different 
from the same system catalyzed with a metal salt. Second, they control the speed 
of the curing reaction. Selection of the catalyst system is critical to final perfor- 
mance properties. 


Pigments and Fillers. Normally pigments are employed to impart a specific color, 
but they can also be reactive. Fillers provide both functional and economic improve- 
ments to lining and coating systems. They can impart improved flow control, chemi- 
cal resistance, and hot-water resistance, but usually at the expense of flexibility. 
Examples include carbonates, sulfates, and silicas frequently seen in paint formula- 
tions. 

While optimization of these materials is critical to coating performance, the 
formulator is most often able to provide unique properties through the development 
and use of additives. These additives are used to control the melt and flow character- 
istics of the lining or coating, improve adhesion performance, water permeation, 
and handling characteristics of the powder material and resulting coating. 


Three-Layer Systems 


Three-layer external pipe-coating systems utilize FBE as the primary corrosion 
coating. Polyolefins possess good mechanical properties but have no polarity to 
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Interlayer Bonding 


e 
O o : 
Metal Surface 


FIGURE B10.4 FBE is the primary corrosion coating for the three-layer pipe coating system 
and provides adhesion to the steel. The modified polyolefin tie-layer adhesive reacts with the 
epoxy to provide a bond. The topcoat provides a moisture barrier and impact resistance and 
adheres well to the tie layer. 


"wet" and adhere to steel. Combining the “polar” epoxy with the “nonpolar” 
polyolefin combines the positive properties of both materials. An intermediate 
adhesive layer of modified polyolefin achieves the bonding of the epoxy to the 
polyolefin. This adhesive contains polar groups grafted onto the carbon-bond spine 
ofthe polyolefin. The polar groups react with the epoxy. The polyolefin is compatible 
and bonds to the unmodified topcoat of polyolefin. See Fig. B10.4. 


CHOOSING A FUSION-BONDED EPOXY COATING 
OR LINING 


Application Properties 


Powder Handling Characteristics are critical and must be compatible with the appli- 
cation process, whether it is electrostatic spray, flocking, or fluidized bed. Key 
elements affecting these properties are particle size distribution, electrostatic charg- 
ing susceptibility, and softening point of the powder. 

Cure, gel, and flow characteristics must be designed to fit the applicator's plant, 
or, conversely, the plant must be designed to fit the application characteristics of 
the powder coating. Gel and cure times can normally be adjusted without adversely 
affecting the performance properties of the lining or coating? A lengthy gel time 
may cause the coating to sag, and the cure time may be too long. Undercure results 
in an insufficiently crosslinked coating that is brittle, easily damaged, and has poor 
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chemical resistance. If the gel time is too short, there will be inadequate wet-out 
and flow, resulting in a rough coating with increased probability of holidays. Some 
powders cure quickly using the residual heat of the steel. Others take longer to 
cure and require postbaking. 

Stability of the powder can affect costs from the standpoint of storage environ- 
mental control. While FBE curing systems are normally latent, a chemical reaction 
slowly occurs at room temperature. This chemical reaction is called advancing. 
If the powder advances too far before usage, lining and coating application and 
performance will suffer.” 


Environmental Conditions and Field Performance 


Internal Lining. Proper selection of a lining system means balancing chemical 
resistance and flexibility characteristics of the lining so that it can perform satisfacto- 
rily in adverse chemical, pressure, and temperature environments, yet meet the 
installation requirements." 

Judicial selection means gathering the facts and systematically evaluating the 
lining choices. All coating formulations are compromises, having clear advantages 
and distinct limitations. The biggest tradeoffs are normally between flexibility, 


TABLE B10.3 Autoclave Testing (Internal Lining Selection Depends on Environment) 


Temperature 200°F (93°C) 200°F (93°C) 275°F (135°C) 


Duration (hours) | 16 24 24 


Liquid phase 5% NaCl Brine 15% HCl 34% Brine 
33% Kerosene 
33% Toluene 


Gas phase 5% CO, Air 25% CO, 
95% Methane 75% Methane 


Discharge Cool for 4 hours | Force-cool to ambient, | Release pressure over 
then rapidly release pressure over 5-minute period 
release pressure 5-minute period at test temperautre 


Results 


Lining A Don’t use Don’t use 


Lining B Don’t use 


Lining C Use 


Lining D Use 


Lining A: Bisphenol-A type epoxy with NSF listing for potable drinking water 

Lining B: Modified bisphenol-A type epoxy for harsh environment 

Lining C: Novolac epoxy 

Lining D: Novolac epoxy designed for girth-weld field application. Requires no primer or post cure. 
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application speed, and chemical/temperature resistance. The key is to find the most 
flexible system that can be economically applied in the application plant that gives 
optimum performance in the required operating environment. 

Temperature and pressure combine to degrade lining performance and survival. 
Most coatings are permeated to some degree by hydrogen sulfide and carbon 
dioxide, which can cause blistering when pressure is released. This can also lead 
to premature failure of the internal lining.” 

While field experience data is the most useful basis for decision making, it is 
often not available. To solve this dilemma, chemical resistance tests, such as auto- 
clave testing, can be used. For example, in Table B10.3, for a high or variable 
carbon dioxide content environment, Lining A, a Bisphenol-A type epoxy with 
certification for potable water use in the United States, will work well in mild 
environments and relatively low temperatures. However, for more aggressive envi- 
ronments, such as higher temperatures and high levels of CO; or HLS, a highly 
crosslinked novolac epoxy such as Lining C will be required. 

Table B10.4 also shows examples of the compromises that must be considered. 
These compromises include the amount of flexibility required for pipeline installa- 
tion and the equipment and facilities availability in the applicator’s plant. For 
example, Lining A is relatively easy to apply since it requires neither a postcure 
nor a priming station. It is suitable for installation in a terrain that requires field 
bending. Lining B requires more extensive application facilities when used in a 
high-CO, environment, since proper application includes both the use of a primer 
and a postcure to achieve optimum properties. 


TABLE B10.4 Application and Handling Characteristics of Different Types of Lining 
(Internal Lining Selection Depends on the Environment, Required Handling 
Characteristics, and Application Characteristics of the Material) 


Elongation Primer 
Lining 96 required Testt 


Lining A 6 Water 


Lining E 4 Hot water 


Lining E 4 3% CO, 


Lining B 6 3% CO, 


Lining B 100% CO, 


Lining F : 10096 CO; 


Lining A: Bisphenol-A type epoxy with NSF listing for potable drinking water (See Table B10.3) 

Lining E: Modified Bisphenol-A type epoxy with NSF listing for potable drinking water 

Lining B: Modified Bisphenol-A type epoxy for harsh environment (See Table B10.3) 

Lining F: Novolac epoxy designed for wire-line damage resistance 

* Wire Line: For downhole tubing, equipment is moved via a cable, or wire line. Resistance to damage 
by the wire line is based on a 1-to-5 scale with +++++ being the best rating. 

+ NSF: National Sanitation Foundation. U.S. certification agency for potable drinking water 
systems. 

t Testing: An increase in either the temperature or level of CO, creates a more hostile environment 
for internal linings. 
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Primers. Phenolic based primers have been used for years with excellent perfor- 
mance. However, they have three significant drawbacks: 

* Requirement of closely controlled cure before topcoat application 

* Postcure 

* Emissions from the volatile organic content of the formulations. 


Water-based primer systems eliminate these problems and are suitable for less 


severe internal-pipe environments. One such system has been in use in brine and 
saltwater source-injection wells for over a year." 


FBE APPLICATION PROCESSES 


Single-Layer Process 


While the FBE application process is straightforward, attention to details is impor- 
tant. The steps are: 


* Clean 

* Apply primer or surface treatment (if specified) 
* Heat 

* Apply FBE 

* Cure 

* Cool 

* [nspect 


Cleaning. For most applications, blast cleaning of the metal substrate surface 
using hardened steel grit to a near-white-metal blast according to NACE No.2/ 
SSPC-SP10,? free of visible contamination and no more than 5 percent staining is 
sufficient. For internal linings in severe environments such as downhole tubing, the 
pipe must first be thermally pickled at a temperature of 725°F (385°C) followed 
by a NACE No. 1/SSPC-SP 5 blast cleaning with hardened steel grit or suitable 
mineral abrasive." 

For external coatings, the blast-cleaned surface is often washed with a phosphoric 
acid cleaner to remove blast debris and contaminants, such as salt, from the substrate. 
A chromate treatment is sometimes used to remedy coating deficiencies or to allow 
a wider window for the pipe-coating application temperature. 


Priming. In highly corrosive internal-pipeline conditions with high pressure, high 
temperature, and carbon dioxide or hydrogen sulfide, a primer is required? for the 
lining. For both phenolic- and water-based systems, the primer is applied prior to 
the heating step. In the case of a phenolic primer, the preheat drives out the volatile 
organic solvents and causes a partial cure before FBE application. Control of the 
prime-cure step is important to coating system performance. If applied too hot or 
allowed to fully cure before application of the FBE, there will not be proper 
adhesion between the two. 

Water-based primers require an application temperature lower than the boiling 
point of water. Flash rusting can be avoided by preheating the pipe to about 
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150°F (66°C) and/or using an oil-free, compressed-air drying step immediately after 
application. If induction coils are used for heating, the primer should be nearly dry 
before entering coil. 


Heating. The pipe is then heated to the application temperature range specified 
by the coating material supplier—usually approximately 350°F (177°C) for internal 
linings; 400°F (204°C) for three-layer external coatings; and 450°F (232°C) for stand- 
alone FBE external coating. 


Applying. Depending on the configuration of the component to be coated, all 
commonly used application techniques are applicable: 


* Fluidized bed—the powder is aerated in a chamber via air flow; the hot component 
is dipped into the *'fluidized" powder. 


* Flocking— powder is sprayed onto the component via compressed air. 


* Electrostatic spray — powder is sprayed onto the preheated component with com- 
pressed air. An electrostatic charge is imparted to increase powder-usage effi- 
ciency. 


Curing. When some FBE systems are applied to sufficiently heavy-walled articles 
[usually ¥% in (3.2 mm) wall thickness or heavier], the heat retention of the metal 
provides the thermal energy required to achieve cure—the thermosetting chemical 
reaction that provides the required properties of the coating or lining. In that case, 
facilities for postcure are not necessary. Systems utilizing a phenolic primer generally 
require a postcure heating step to complete the chemical reaction of the primer. 

For water-based primer systems, postcure conditions are determined solely by 
the fusion-bonded epoxy. The temperature of the postcure step is determined by 
the lining system requirements and is usually in the same range as the application 
temperature. For metal that is likely to outgas, such as cast-iron, it is important to 
postcure at a temperature well below the application temperature. For example, 
the component may be lined at 400°F (204°C) and postcured at 350°F (177°C). In 
extreme cases, a preheating outgassing step may be needed— several hours at 660 
to 725?F (350 to 385°C) before cooling to application temperature and applying 
the lining. 


Cooling and Inspecting. Cooling is achieved either by spraying the outside and/ 
or inside of the pipe with water or by simply allowing it to dissipate the heat in 
ambient air. Appearance, holiday inspection"? and thickness? checks usually 
follow. 


Three-Layer Application 


The plant application of three layers of external coating material is obviously more 
complicated than a single coating, but is not fundamentally different in approach. 
The goal is to get three layers which are well-adhered to each other and to the 
steel substrate. Time management is the key to the coating process. The adhesive 
needs to be applied while the epoxy still has free polar sites available to bond with 
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Forward 


Water | 
Cooling E 


Speed 


t, = Gel Time of FBE (Sec) 
t, = Cure Time of FBE (Sec) 
d, = Forward Speed x t, 

d, = Forward Speed x t, 


FIGURE B10.5 Effective time management during the application process is critical to coat- 
ing performance. 


the adhesive layer, but sufficient gel strength to maintain damage-free continuity 
(see t,, the gel time, in Fig. B10.5). 

The FBE must be cured by the time the water cooling reduces the pipe tempera- 
ture below the point where the chemical reaction effectively stops. The overriding 
performance consideration is the full cure of the epoxy. It is the epoxy primary 
coating that is elemental to the long-term corrosion protection of the coating system. 


QUALITY ASSURANCE 


Quality assurance requires systems, processes, and monitoring to ensure successful 
production. Each coating system, internal lining, FBE external coating, or three- 
layer external coating has many similar requirements and a few unique unto itself. 
All require careful inspection of the in-bound pipe for determination of fitness 
for use and suitability for lining or coating. This includes detection of oil or salt 
contamination that can be spread during the cleaning process to affect otherwise 
coatable pipe. It also includes searching for metal defects that will be covered by 
the coating. One of the advantages of FBE linings or coatings is that they are 
relatively thin and readily show surface defects in the steel that may cause future 
problems. 

All processes require careful attention to and monitoring of surface preparation 
and surface treatment or priming steps. The preheating system must bring the pipe 
to the proper uniform application temperature without contaminating the surface. 
Proper attention must be paid to the time management aspects of the application 
process to ensure adhesion to the steel and/or between primer and layers of the 
lining or coating system.?? 

For internal linings, final inspection is mainly visual, and blisters, sags, runs, or 
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drips are identified. Also, film thickness and holiday inspections are made. For 
severe service, the lining must be holiday-free.? 

FBE external-coating inspections are extensive and include destructive tests as 
well as evaluation of the coating on the pipe? Nondestructive tests include visual 
examination, anchor profile measurements, measurement of thickness, and holiday 
inspection. Destructive tests require cutting a ring sample and performing bend, 
cathodic disbondment, cross-sectional porosity, impact, interface contamination, 
thermal characteristics (differential calorimetry evaluation for cure), hot water 
immersion, and adhesion. A recent survey? showed that the tests most important 
to the pipeline owner companies were pipe-surface cleanliness, holiday detection, 
coating thickness, and pipe-surface anchor profile. 

For three-layer external coating systems, there are provisions for many of the 
same tests as in the quality assurance testing for FBE,™ such as cathodic disbond- 
ment. Most reliance beyond visual inspection and process control is based on 
a peel-adhesion test to ensure bonding between the coating layers and to the 
steel substrate. 


JOINT SYSTEMS COATINGS AND LININGS 


To ensure corrosion protection, it is essential to provide quality lining or coating 
on the girth welds and joints that is equal to that on the main pipe body. Girth 
welds require special systems because of the potential for heat damage to the lining 
by the welding process. Several systems are available for coating the girth-weld 
area. Coupling systems are also available that either eliminate the welding process 
or protect the internal lining from heat damage. 

The ideal system allows the use of the same lining or coating on the girth welds 
as on the remainder of the pipe. The process? is essentially the same as the plant 
lining or coating process, except that it is done in the field. The rest of this 
section describes the various systems and processes available for protection of the 
joint area. 


Internal FBE Lining 


The development of primerless linings that do not require postcure, yet provide 
the required chemical, temperature, and pressure resistance properties, has been 
a significant improvement in the process. Robots are available to do the operations 
inside the pipe. 


Cleaning. The cutback area is left bare by the coating plant. Sand- or grit-blast 
the surface to white metal prior to welding. 


Welding. Weld, X-ray (if specified), and accept for lining. 


Postweld cleaning. Blast-clean to remove flux. All blast media must be removed 
before beginning the internal lining process. 


Heating. Use an induction coil placed on the pipe exterior to bring the weld area 
up to lining temperature— normally in the 450°F (232°C) range. 
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Lining. Center the spray head of the application robot on the weld bead and 
apply the coating. Frequently, both the internal lining and external girth-weld 
coatings are applied at the same time. 


Curing. Select a properly formulated girth-weld FBE that will cure through the 
residual heat in the pipe. 


Inspecting. For final assurance, use robotic video-inspection equipment to check 
the quality of the coating. 


Welded Internal Coupling Systems 


Couplings are available to isolate the welded area of the pipe from the corrosive 
effects of long-term fluid transmission. An attachment system acts as a welding 
guide for joining the two sections of pipe and becomes an integral part of the weld. 
The coupling allows pigging for cleaning and inspection of the pipeline. 


WELD RING WELD RING LUG 
HEAT WRAP 
COATING 
ER A 
SSNS 


= ` 


N LDAP P4 


O-RINGS 


FIGURE B10.6 Welded internal coupling system. The coupling is internally 
coated with FBE and externally coated to include the o-rings. 


The coupling (see Fig. B10.6) is inserted into the end of an internally lined pipe 
to the weld guide. The second internally lined pipe is slipped over the protruding 
half to the weld nubs. The center portion of the outer coupling circumference has 
a machined recess holding heat-resistant material and a steel band with the attached 
weld nubs. The heat-resistant material acts as an insulator to protect the lining on 
the inside of the coupling from weld-induced heat damage. O-rings isolate the weld 
from corrosive attack. The welding process unifies the two pipes and the coupling. 
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FIGURE B10.7 Weldless coupling system for internal and/or external FBE coating 


Weldless Coupling System 


This system consists of a coupling that slips over the outside of the coated pipeline 
(see Fig. B10.7). The coupling is machined with serrated grooves and is smaller 
than the outside of the line pipe to provide a compression fitting. 

A two-part epoxy is applied to the inside of the coupling and to the outside of 
the lined pipe. It acts as a lubricant during the compression-fit installation and as 
a seal at the pipe ends, where it forms a bead to provide a continously lined internal 
pipe. Normally, the coupling is installed in one end of each pipe in the coating- 
plant yard. In the field, a hydraulic ram is used to join the two pieces of pipe 
together inside the coupling. 

The system is available for pipe in the range of NPS 2 to 12 (DN 50 to 300). It 
has been used in highly corrosive applications including carbon-dioxide injection, 
brine-water disposal, and produced fluids of hydrogen sulfide and carbon dioxide 
containing oil, saltwater, and natural gas.* 


HANDLING, SHIPPING, STORAGE, 
INSTALLATION, AND REPAIRS OF FBE LINED 
AND COATED PIPE AND FITTINGS 


For protection of the piping material without regard to the lining or coating, follow 
the guidelines outlined in API Recommended Practices RP 5L1 Recommended 
Practice for Railroad Transportation of Line Pipe and 5LW Recommended Practice 
for Transportation of Line Pipe on Barges and Marine Vessels. See NACE RP0394- 
94 Standard Recommended Practice: Application, Performance, and Quality Control 
of Plant-Applied, Fusion-Bonded Epoxy External Pipe Coating? for guidelines for 
handling, storage, and shipping of coated pipe. For rigid internal linings," steps 
must be taken to prevent pipe flexing during handling and transportation. 

FBE coatings are tough and resistant to handling damage. However, any organic 
material caught between a rock and a hard place (e.g., steel) can be damaged, and 
care must be taken to properly handle, load, and transport the coated pipe in one 
example of good practice, NPS 42 (DN 1050) pipe was coated, loaded onto rail 
cars, shipped 3000 miles (4800 kilometers), unloaded, and stockpiled. It was later 
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strung along the right-of-way and welded—representing a total of nine handling 
operations on the coated pipe. Final electrical inspection detected less than 1.5 
holidays per joint. 


Handling and Shipping 


Handling Equipment. Do not use forklifts unless dunnage between layers of 
stacked pipe is at least ?4 in (19 mm) thicker than the forks. Use at least 2-in (50- 
mm) runners. Do not use with nested pipe. The top of the forks should be padded 
with at least ?4e in (5 mm) of dense rubber or polyurethane. Torn or worn pads 
may allow burrs or other protrusions to come in contact with the coating. To protect 
the lower level of pipe coating, the bottom of the forks should also be padded. 


Overhead Loading Equipment. Both sides of the pipe hooks and the first 4 ft 
(1.3 m) of the cable attached to the pipe hooks must be padded with at least V5 in 
(3 mm) of rubber or urethane. Overhead equipment may be used with either stacked 
or nested pipe." 

Use of dunnage—to wood strips that support and separate the pipe—is important 
to ensure safe arrival of the load. Care is required in attaching chocks or padding 
to the dunnage. Nails should be positioned to avoid contact with the pipe coating. 
This can be accomplished by countersinking the nails V6 in (3 mm) or positioning 
to avoid pipe contact. Dense rubber padding may be used as an alternative to 
countersinking the nails, but nails or staples used to attach the padding must not 
come in contact with the pipe surface. Do not use carpet or excelsior-filled kraft 
paper, since nails can penetrate through this type of padding." 


Separators. Pipe that is loaded or stored should have full-encirclement separators 
located within 3 ft (0.9 m) of the pipe ends, and one or more at approximately 
equidistant intermediate locations? 

There are several suitable materials available for separators, including tight- 
weave polypropylene rope, dense rubber padding, and cardboard sleeves. Material 
selection and number of separators depends on the compression characteristics of 
the separator and the weight of the pipe. For example, with pipe weighing 300 Ib 
per ft (450 kg per m), either eleven 3 in (7.6 cm) wide by 0.6 in (1.5 cm) thick 
dense rubber pads or seven 0.75 in (1.9 cm) diameter tight-weave polypropylene 
rope separators will provide adequate separation between nested pipes.? 

Separators at the rear end of the pipe may fall off in transit. They should either 
be attached by tape or placed in front of the dunnage. 

Hold-down strapping, used during shipping, should be either nonmetallic or 
steel banding with burr-free edges. Steel bands should be at least 1.5 in (38 mm) 
wide. Padding should not be used with steel bands, because it may compress and 
allow loosening of the load. Chains can cause damage to both the coating and the 
pipe. Heavy, dense rubber padding for chains should be used, but even that is 
not foolproof.* 

Submerged arc-weld beads, in contact with adjacent pipe or dunnage, may dam- 
age the coating. Position the weld seam to avoid such contact. This does not 
apply to electric-resistance weld (ERW) pipe, which does not have an elevated 
weld seam.? 
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Storage 


Stockpiling of Pipe. The bottom row of pipe should be elevated off the ground 
on timber skids or earth berms covered with polyethylene, properly spaced and 
leveled to support the coated pipe without damage. The bottom row should be 
restrained to prevent joints from rolling. The racks should be level over their entire 
length, but a slight tilt of the pipe to permit drainage is desirable. 

To prevent damage by bevel-shoulder gouging, place the pipe as parallel as 
possible. Position the weld seam, if present, toward the interstitial gap, not toward 
the adjacent pipe.” Do not intermix short joints with long joints. To avoid bevel- 
damage to the coating, store short joints on the top or at the end of the pipe stack. 

Chalking of FBE—the formation of a light-colored powdery residue on the 
coating surface caused by exposure to sunlight and moisture—is normal and accept- 
able, as long as the thickness of the FBE remains above the specified minimum. 
Chalking protects the coating from further damage, but it can be removed by rain, 
which allows further chalking and eventual reduction in thickness. For long-term 
outdoor storage (over two years), protect the sunlight-exposed surfaces with a latex 
paint" or other suitable shading system. 


Installation 


Off-Loading. Use only nylon slings, rope belts, or other padded equipment as 
detailed in the handling section. 


Bending. Bending-machine shoes, calipers, and stiff back should be padded with 
standard rubber inserts. Burrs and other protrusions around the shoe entry and 
exit points should be ground smooth. 


Welding. The factory-applied coating cutback is normally adequate to prevent 
burn damage to the coating. Drape a 20 in (0.5 m) strip of fire-retardant matting 
or cloth over the top and to each side of the weld to prevent spatter from burning 
through the coatings. Precautions should be taken to ensure adequate ventilation 
during welding. 


Field-Cutting. When field-cutting pipe, the epoxy will carbonize or char about 2 
in (5 cm) from the cut. Emissions from the lining or coating are no more toxic than 
those given off during the welding procedure. However, precautions should be taken 
to ventilate the area, particularly during tie-ins where there is little air movement at 
the bottom of the trench. 


Girth-Weld Coating. See the section “Joint Systems Coatings and Linings” for de- 
tails. 


Holiday Detection. Make sure that the holiday detector (jeeper) can be set at 
the proper voltage. A rule of thumb for voltage is 125 V/mil (5 volts per micron). 
For more precise voltage calculations use the equation”: 


Testing voltage, V = 525/T (B10.1) 


where V = Peak voltage in volts 
T = Minimum specified thickness in mils (1 mil = 25.4 microns) 
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TABLE B10.5 Reference Codes, Standards, Specifications, and Regulations 


American Society of Mechanical Engineers 


B31.1: Power Piping 

B31.11: Slurry Transportation Piping Systems, Special Notice—1990 

B31.3 Process Piping 

B31.4: Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, Anhy- 
drous Ammonia, and Alcohol 

B31.8: Gas Transmission and Distribution Piping Systems 


American Society for Testing and Materials (ASTM) 


G8-96: Test Method for Cathodic Disbonding of Pipeline Coatings 

G12-83: Method for Nondestructive Measurement of Film Thickness of Pipeline Coat- 
ings on Steel 

G14-88: Test Method for Impact Resistance of Pipeline Coatings (Falling Weight Test) 

G17-88: Test Method for Penetration Resistance of Pipeline Coatings (Blunt Rod) 

G20-88: Test Method for Chemical Resistance of Pipeline Coatings 

G80-88: Test Method for Specific Cathodic Disbonding of Pipeline Coatings 

G95-87: Test Method for Cathodic Disbondment Test of Pipeline Coatings 


American Petroleum Institute 


RP 5L1 Recommended Practice for Railroad Transportation of Line Pipe 

RP 5L2-87 Recommended Practice for Internal Coating of Line Pipe for Non-Corro- 
sive Gas Transmission Service; Third Edition 

RP 5LW Recommended Practice for Transportation of Line Pipe on Barges and Ma- 
rine Vessels 

RP 5L7-88 Recommended Practices for Unprimed Internal Fusion Bonded Epoxy 
Coating of Line Pipe; Second Edition 


Manufacturers Standardization Society of the Valve and Fittings Industry 


SP-98-87 Protective Epoxy Coatings for the Interior of Valves and Hydrants 
ES-29-79 Abrasive Blast Cleaning of Ferritic Piping Materials (R 1984) 


NACE International 


RP0394-94 Standard Recommended Practice: Application, Performance, and Quality 
Control of Plant-Applied, Fusion-Bonded Epoxy External Pipe Coating 

NACE Standard Recommended Practice, RP0188, Discontinuity (Holiday) Testing of 
Protective Coatings 

RP0490-95 NACE Standard Recommended Practice, Holiday Detection of Fusion- 
Bonded Epoxy External Pipeline Coatings of 250 to 760 microns (10 to 30 mils) 


Steel Structures Painting Council 


SSPC-Vis 1 Pictorial Surface Preparation Standard for Painting Steel Surfaces 


NACE/SSPC 


NACE No. 1/SSPC-SP 5 White Metal Blast Cleaning 
NACE No. 2/SSPC-SP 10 Near White Metal Blast Cleaning 


AWWA Standards for Water Systems Piping 


C213-96 Standard for Fusion Bonded Epoxy Coating for the Interior and Exterior of 
Steel Water Pipelines 
C550-90 Protective Interior Coatings for Valves and Hydrants 
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TABLE B10.5 Reference Codes, Standards, Specifications, and Regulations (Continued) 


National Standards of Canada 


CAN/CSA-Z245.20-M92, External Fusion Bond Epoxy Coating for Steel Pipe 
CAN/CSA-Z245.21-M92, External Polyethylene Coating for Pipe 


ECISS: European Committee of Iron and Steel Standardization* 
Technical Committee 29: Steel tubes and fittings 
Subcommittee 4: Coatings 


EC 029016 External three-layer, polyethylene-based coating systems 
EC 029063 External three-layer, polypropylene-based coating systems 
EC 029062 External thermosetting fusion-bonded epoxy coating systems 


* Standards are under development. 


An effective electrical connection between the pipe and the holiday detector is 
required for proper functioning of the equipment. A direct connection to an exposed 
steel surface on the pipe provides the best connection. An alternative is to use a 
flexible ground wire, approximately 30 ft (9 m) long, connected to the ground 
terminal of the detector and trailed along the surface of the earth. 

If the pipe lining or coating surface is dry, use a continuous direct-current (DC) 
voltage holiday detector. If moisture such as dew is present, use a pulse DC voltage 
holiday detector to prevent false indications of coating discontinuity.” 


Repair. Remove rust or dirt with a cloth or wire brush. Do not remove the FBE 
pipe lining or coating unless that becomes necessary to remove rust. If undercutting 
is present, pry or cut away the coating until reaching adhered coating before effecting 
repair. Roughen the adjacent coating surface with 80 to 120 grit sandpaper to 
improve adhesion. 

For base areas of 1 in (25 mm) diameter or smaller and farther than 8 in (20 
cm) from the end of the pipe (the weld-affected zone), use heat-melting sticks. For 
larger areas, use two-part liquid epoxy.?'^ 

Melt (Patch) Stick. Using any noncontaminating heat source, heat the area to 
be repaired to approximately 350°F (177°C). Apply the heat in a manner that avoids 
charring or burning the FBE pipe coating. Continue to heat the cleaned area until 
the coating is hot enough to melt the patch stick. When the coating is hot enough, 
the stick will leave residue behind when drawn across the surface. While continuing 
to heat, apply the patch compound using a circular motion to achieve a smooth, 
neat-appearing patch having a thickness of no less than 50 mils (1270 microns). Do 
not apply by melting the stick and allowing it to drip onto the pipe. Allow the 
patch to cool before handling. 

Two-Part Epoxy. Thoroughly mix the separate parts of the coating repair 
system. Combine the correct ratio of the two parts and mix thoroughly. A uniform 
color indicates adequate mixing. Apply using a spatula, paint brush, or paint roller. 
Allow to harden before handling, or protect while wet with a piece of tape. Cure 
can be speeded by preheating the pipe before application or by using a torch to 
gently heat the patch after application. 
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REFERENCE CODES, STANDARDS, 
SPECIFICATIONS, AND REGULATIONS 


Table B10.5 provides a list of various codes, standards, and specifications which 
are related to piping and FBE lining and coatings. The listed codes cover piping 
systems, some of which may be lined and/or coated using fusion-bonded epoxy to 
protect against corrosive flow medium and the environment. The user may seek 
technical guidance from technical specialists in this field. Manufacturers input and 
recommendations must be taken into consideration in selecting and specifying 
suitable lining and coating systems. 

Also, the user, owner, designer, and others associated with FBE lining and 
coatings must ensure compliance with the applicable local, state, and federal regula- 
tions. 
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INTRODUCTION 


This chapter is written to provide the reader with information about rubber-lined 
piping, including engineering applications and installation details. Rubber lining 
has been used for decades to protect metal pipe from corrosion. Rubber lining has 
also demonstrated its superiority in protecting piping against abrasion and is used 
extensively in abrasive service applications. 

Rubber-lined piping has been used for all types of chemical environments (acids 
and basic solutions) that range from a pH of 1 to 14, and with temperatures ranging 
from 50 to 220°F (10 to 104°C). Applications include such numerous services as 
cationic/anionic water-treatment systems; piping in plants that manufacture chemi- 
cals, including those producing hydrochloric acid, phosphoric acid, chlorine, and 
titanium oxide; and slurry pipe lining for both corrosive and abrasive conditions, 
such as in power plant and mining operations. The mining applications include 
transport of copper, iron and uranium ore, and other rare minerals mined and 
piped to overland plants and to tailing or settling ponds. 

Rubber linings form an impermeable barrier to many gases and liquids. They 
can only provide protection, however, if the pipe is properly fabricated and the 
type of rubber lining is suitable for the chemical service. Many types of rubber 
linings exist. The correct type of rubber lining must be matched with the appro- 
priate service conditions. This selection is determined by the rubber lining manufac- 
turer. 
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PIPE FABRICATION REQUIREMENTS 


Metal Specifications 


Pipe intended to be lined with rubber linings should be fabricated such that all 
joints can be continuously welded and ground smooth. Any special requirements 
specified by an engineering company or end user shall be agreed upon by all parties 
prior to pipe fabrication. An overview of these specifications is provided in the 
following subsections. 


Material 


The surfaces are to be free of galvanizing or other plating, oil, and grease. The 
surface must also be free of scale and other foreign material not readily removed 
by sandblasting or shotblast. Castings, when specified, are to be smooth and free 
of porosity, defects, sand or blow holes, and other imperfections. 

Pipe is to be seam-welded or seamless steel pipe unless otherwise specified. Wall 
gauge is to be specified if not shown or called for on purchase orders or drawings. 

Flanges shall be flat-faced, Class 150 forged steel slip-on, weld neck, or boiler 
plate. Raised face flanges shall not be used. Class 125 cast-iron flanges or cast-iron 
pipe are not recommended for use with rubber lining. If customers insist on using 
cast-iron pipe and flanges, they do so at their own risk. Cast-iron is porous, which 
results in the formation of minute air blisters between the rubber and the metal. 
These air blisters expand during the steam cure, causing rubber-to-metal bond 
failure. A defect in the lining that looks like a blister is known as a blow. 

Flanges on opposite ends of pipe are to have their bolt holes in exact alignment, 
unless otherwise specified. Pipe ends at the flange face are to be continuously 
welded and ground smooth. Rough burrs are to be removed. 

When cast-steel domes and fittings are specified, they shall be free from porosity, 
sand holes, and other foreign material. 


TABLE B11.1 Typical Lengths for Straight Pipe 


PEE nr 


National pipe size 4 (100) | 6 (150) | 8 (200) 10-42 
NPS (DN) (250-1050) 


Maximum recommended 20 (6) | 30(9) | 40 (12) 40 (12) 
length feet (meters) 


General notes: *L" denotes maximum overall length 
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Pipe Fabrication Design Criteria 


Unless otherwise specified, dimensions for pipe are end to end. For projecting 
fittings the dimensions are measured from the centerline to the outside surface 
facing of the fitting, nozzle, or flange. The tolerances shown below apply to overall 
pipe length dimensions, when such tolerances are specified on the drawings. 


Straight Pipe NPS 24 (DN 600) or less Plus or minus Me in (1.5 mm) 
Straight Pipe over NPS 24 (DN 600) Plus or minus ¥ in (3.2 mm) 
Flange Gaskets Plus or minus Ye in (1.5 mm) 
Tables B11.1 through B11.4 provide the maximum length dimensions in designing 
runs of pipe that will allow the rubber lining applicator to install the lining. The 


maximum length dimensions shown include flange length; however, pipe may or 
may not have flanged ends. 


TABLE B11.2 Pipe with Standard 45? Elbow Limitations 


STANDARD 
ELBOW 
b Es 
- 
CY 


Pipe size NPS (DN) L, maximum in (mm) L, maximum ft (mm) 
2 (50) 2 (51) 6 (1829) 
3 (80) 4 (102) 6 (1829) 
4 (100) 5 (127) 8 (2438) 
6 (150) 8 (203) 10 (3048) 
8 (200) 12 (305) 14 (4267) 

10 (250) 12 (305) 14 (4267) 
12 (300) 18 (457) 14 (4267) 
14 (350) 24 (610) 14 (4267) 
16 (400) 24 (610) 14 (4267) 
18 (450) 24 (610) 20 (6096) 
20 (500) 24 (610) 20 (6096) 
24 (600) 60 (1524) 30 (9144) 
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TABLE B11.3 Pipe with Standard 90? Elbow Limitations 


STANDARD 


ELBOW 
L2 
E—1 


E 
Pipe size NPS (DN) L, maximum in (mm) L, maximum ft (mm) 
2 (50) 2 (51) 4 (1219) 
3 (80) 6 (152) 4 (1219) 
4 (100) 6 (152) 4 (1219) 


6 (150) 6 (152) 6 (1829) 
8 (200) 18 (457) 10 (3048) 


10 (250) 18 (457) 10 (3048) 
12 (300) 24 (610) 10 (3048) 
14 (350) 30 (762) 10 (3048) 
16 (400) 36 (914) 10 (3048) 
18 (450) 36 (914) 10 (3048) 
20 (500) 36 (914) 12 (3658) 
24 (600) 48 (1219) 30 (9144) 


Construction 


The necessary bolts, nuts, and washers to complete any assembly are to be furnished 
by the pipe supplier or fabricator; unless otherwise specified. 

The pipe is designed to allow the rubber lining applicator to perform the task 
of putting the rubber sheet stock on the inside of the pipe. Tables B11.1 through 
B11.4 show that the smallest pipe size which can be lined is NPS 2 (DN 50); however, 
NPS 1 nozzles can be lined per the following specifications: 


1. Maximum length of nozzle is NPS 1 (DN 25) 
2. Maximum thickness of rubber is 5 in (3 mm) 


3. Maximum distance from end of pipe is 18 in (450 mm) 
4. Nozzle is attached to a minimum of NPS 6 (DN 150) pipe 
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TABLE B11.4 Header Branch Limitations: Branches Near End of Fabricated Piece 


IF BRANCH CONNS. ARE REO. IN OPPOSITE DIRECTIONS OFF MAIN RUN 
DIM. ‘C‘ SHALL NOT EXCEED 3'-0" (914 mm) 


Max. length or Max. length or 
Header size (DN) dimension L, in (mm) dimension L, in (mm) 


2 (50) 4 (102) 6 (152) 
3 (80) 6 (152) 6 (152) 
4 (100) 9 (229) 9 (229) 
6 (150) 12 (305) 18 (457) 
8 (200) 24 (610) 18 (457) 


10 (250) 24 (610) 32 (813) 
12 (300) 24 (610) 34 (864) 
14 (350) 24 (610) 36 (914) 
16 (400) 24 (610) 140 (1016) 
18 (450) 36 (914) 48 (1219) 
20 (500) 120 (3048) 48 (1219) 
24 (600) 240 (6096) 48 (1219) 


Welding 


All welded pipe joints to be lined with rubber are to be continuous solid welds. 
All welds to be lined with rubber must be smooth with no porosity, holes, high 
spots, lumps, pockets, or undercuts. Grinding shall be used to remove sharp edges 
or high spots. 
Nozzles, pad flanges, or reinforcement plates shall be properly braced. Maximum 
allowable tolerance for overall pipe length, including gaskets, is V5 in (3.2 mm). 
Interior corners to be rubber lined are to have a minimum radius of ¥% in (3.2 mm). 
Weld splatter must be entirely removed. 
All joints, when possible, shall be welded using backing rings on the inside. If 
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welding with backing rings is not possible, then all welds must penetrate to the 
inside diameter of the pipe; thus leaving the inside diameter smooth. 

In all cases, the fabricator shall assume responsibility for the strength of welds. 
All sharp edges and corners shall be ground smooth and have a contoured surface. 


Metal Preparation 


All metal surfaces to be lined shall be blasted to a white metal finish. White metal 
blasting is the process of removing all foreign matter (such as rust, scale, and paint) 
by the use of abrasives propelled by using 100 psi (690 kPa) of air. The surface 
finish will become a metallic gray-white color, with a roughened anchor pattern 
providing a 1.5 to 3 mil (37.5 to 75 micron) profile. Other acceptable standards are 
provided by the Structural Steel Painting Council (SSPC) or National Association 
Corrosion Engineers (NACE). 


Cementing 


Primer shall be applied immediately after removal of dust and sandblasting to 
prevent rusting. Additional coats of primers and cements may need to be applied 
as specified by the lining manufacturer. Primers and cements are normally applied 
on the inside of pipe with a swab, spray, or roller. Sufficient drying time between 
cement coats is required. 


LINING GUIDELINES 


Sheets of rubber are unrolled and cut to the desired size and shape on a clean, 
heated table. Care shall be taken so that the tie gum (sticky) side of the lining is 
facing out for cementing (see Fig. B11.1). The edges can be cut with a skive (30 


bi 
= TIE GUM / 


FIGURE B11.1 Cutting stock showing at 30° bevel for a 
close skive joint. 


to 45? angle) to aid in forming the seam. For best results the plastic side of the 
lining, once removed, is cemented and applied to the substrate. When the lining 
requires preshrinking, it is unrolled on the table and allowed to shrink prior to 
being cut to the proper size. 

Two styles may be used to make a seam; a butt skive joint without cap strips 
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FIGURE B11.2 Butt seam. 


(Fig. B11.2) and overlap (open or closed skive, Fig. B11.3). Referring to the lining 
specification ensures the proper seam style is applied. The butt skive is shown, 
along with an overlap method with a closed skive. Open skives are used when the 
rubber is a one-construction lining. One-construction lining is made with one type 
of rubber. A closed skive procedure is used on a multiple construction lining to 
protect the underlying plies. Multiple construction rubber linings refer to linings 


—— 


FIGURE B11.3 Closed skive overlap. 


that have more than one type of rubber in the layers (Fig. B11.4). For example; a 
three-ply lining may have a tie gum which is bonded to the substrate; a middle 
layer of hard rubber to resist permeation of a particular chemical; and a cover 
lining which resists abrasion or another type of chemical. Multiple construction 
linings are designed using a tie gum placed on one side of the lining and may have 
other layers to provide greater chemical and temperature resistance. 


Lining Procedure for Standard Flanged Pipe 


A tube shall be formed with lining stock using longitudinal skived seams. This is 
accomplished by wrapping the lining stock around a mandrel, using a liner inside 
the tube, or any other method to facilitate the making of a tube (Fig. B11.5). The 
spliced tube's outside circumference is slightly smaller than the inside circumference 
of the pipe to be lined. When forming the tube, the seam is formed by using steady, 
firm, and overlapping strokes with a roller. When rolling, always work toward the 
edges. This forces all the air out from behind the overlapping layers of lining or 
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FIGURE B11.4 Multiple construction lining (3-ply shown). 
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MANDREL 


FIGURE B11.5 Method of building tube. 


along the butt skive (Fig. B11.6). The spliced tube's length is longer than the pipe's 
length (Fig. B11.7). 

Twisted multifilament strings (called bleeder strings) are then applied lengthwise 
to permit proper air venting between pipe and lining. String made from synthetic 
yarns is not to be used. Stringing is done after cementing the pipe, and the individual 
strings are spaced equally around the circumference. Normally, four strings are 


ROLLER 
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FIGURE B11.6 Rolling operation. 
FIGURE B11.7 Finished tube. 


used on pipe of sizes up to and including NPS 6 (DN 150). Larger-sized pipe normally 
requires the use of additional strings. The use of strings is optional with applicators. 

The tube is enclosed in a liner and a tow rope is attached to it. The tube is then 
pulled into the pipe with a slow constant pull (Fig. B11.8). One of two methods is 
used to seal the liner against the inside surface of the pipe. 


TUBE ROD OR ROPE 
LINER-» ~ 


ROD OR ROPE 


FIGURE B11.8 Pulling in tube. 
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Method 1. The liner is removed and the tube expanded against the pipe wall by 
using air pressure. A mechanical extension and flange arrangement is used to seal 
the pipe ends and a minimum of 100 psi (690 kPa) internal pressure is maintained 
in the expanded tube for at least 5 minutes. If any air blisters are found after the 
air pressure is removed, they are punctured, vented, and repaired with a 2 in (50 
mm) patch. For a finished cross-sectional view see Fig. B11.9. 


RUBBER LINING 


FIGURE B11.9 Longitudinal seam detail. 


Method 2. After the liner is removed, an air bag or balloon is pulled through the 
pipe, with stops at intervals where it is alternately inflated and deflated. Next, the 
extension is removed, the excess stock flared over the flange face, and trimmed 
flush. A covering is then applied to the full face of the flange. The inside diameter 
(I.D.) of the flange stock is skived to slightly less than the I.D. of the lining and 
stitched firmly to the tube stock or folded out and onto the flange surface. When 
using hard rubber lining on flanges, it is important that the pipe installer/user 
understand that soft rubber gaskets are required over the face lining. 

On pipe sizes larger than NPS 6 (DN 150), the flange stock is lapped onto the 
lining instead of the skive used on smaller sizes. This lapping technique makes a 
stronger joint and is the preferred method. Some customers may prefer not to have 
laps at the flanges because of abrasion considerations or requirements on full line 
capacity (see Fig. B11.10 and B11.11 for rubber lining of flange facings). 

See Fig. B11.12 and B11.13 for suggested lining styles of lateral nozzles and side 
outlets. Notice how the rubber is lapped into the main-run length of pipe. 


FLANGE STOCK SKIVED 
TO TUBE STOCK 


FIGURE B11.10 Flange face rubber lining. 
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TUBE STOCK SKIVED 
TO FLANGE STOCK 


FIGURE B11.11 Flange face rubber lining. 


Main Run of Pipe 
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FIGURE B11.12 Rubber lining of nozzle or 
branch connection. 
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FIGURE B11.13 Rubber lining of lateral nozzle or 
branch connection. 
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Lining Procedure for Large-Diameter Pipes 


Piping that is too large to safely line by inflating a tube, but large enough to allow 
personnel to enter, is lined in the same manner as tanks or ductwork. Bleeder 
strings are used at the applicators option, to facilitate the escape of gases during 
curing. The stock is flared over the flange face and trimmed or buffed flush after 
the cure. 

Next, a covering is applied to the full face of flange. The I.D. of the flange stock 
is then skived to slightly less than the I.D. or lining and stitched firmly to the tube 
stock. On larger-sized pipe, the flange stock is lapped into the pipe lining instead 
of applying the skive technique used on smaller pipe or applying lining to flange 
first. The lined pipe is cured as specified by the lining manufacturer. The best cure 
results will be obtained by using a steam autoclave. 

After curing, the ends of the pipe are buffed to remove any excess rubber. This 
provides a smooth fit during installation at the plant site. 


Lining Procedure for Victaulic Pipe 


The inside of pipe shall be lined in accordance with procedures used for standard 
flanged pipe. 

When using Y6 through 1⁄4 in (3.2 through 6.4 mm) linings, the tube lining is 
extended over the end of the pipe and bent back into the recess on the outside of 
the pipe. A round of friction tape is then applied over the rubber on the outside 
diameter (O.D.) of the pipe end. After the pipe is cured, the tape is removed and 
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FIGURE B11.14 Rubber lining of grooved pipe. 


the O.D. buffed flush with the O.D. of the metal (Fig. B11.14). Other styles of pipe 
joints have been designed. These styles must be designed to prevent crushing or 
tearing the rubber during installation and use. Soft (30-40A Duro) rubber lined 
flanges must never be squeezed more than one-third their thickness. Harder rubber 
linings can’t be squeezed, and will require a soft rubber gasket on the flanges. 


TABLE B11.5 Limitations on Weld Seams 


Pipe size Maximum number of weld seams 


NPS DN Longitudinal Circumferential 


3-6 80-150 1 1 [in 10 to 14 ft (3 to 425 m) length] 
200—400 2 (180? apart) 2 [in 20 ft (6 m) length] 
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TABLE B11.6 Maximum Straight Lengths 


Pipe size 


DN Maximum straight length 


50-80 14 ft (4.3 m) 
100-200 24 ft (7.3 m) 
200-1050 40 ft (12.20 m) 


Table B11.5 lists the maximum number of longitudinal and circumferential weld 
seams in a given length of pipe. 

Table B11.6 provides the maximum straight length of pipe for a given pipe size 
which can be lined with rubber. The maximum straight lengths of different size 
pipes that can be lined depends upon the capabilities of the rubber lining applicator. 
Straight lengths of pipe up to 60 ft (18.29 m) long have been successfully lined. 


PROTECTING RUBBER-LINED PIPE 


Many sources for potential problems await rubber lined piping during installation 
at job sites. A partial, but not all inclusive, list of those sources is as follows: 


1. Ozone from welding: Ozone can and will cause severe cracking of natural rubber 
in linings, and the corrosion barrier may be breached permanently. 


2. Portable generators, power relay stations, and electric motors are a potential 
source of ozone. 


3. Fumes from generators, such as nitrous oxide, are detrimental to rubber linings. 


4. Arcing from electrical equipment and hook-ups generate a corona (ozone) envi- 
ronment. 


5. Oils and liquids of many types cause softening and deterioration of the rubber. 


6. Problems may occur from any one or more of the above sources and can occur 
either inside or outside of the structure being erected. Suitable protection must 
be provided. 


Some suggested means for protection are: 


Installation of rubber lining should be done as near the end of the construction 

phase as possible. 

* Openings to rubber-lined equipment should be closed as much as possible to 
prevent attack from hazards such as those noted. 

* The ends of rubber-lined pipe should be blanked off and kept that way until 


ready for use. Lining on flanged faces should be protected during shipment or 
storage by covering with plywood or other suitable material. 


All portable rubber-covered items should be covered up for protection. 


Each piece should be identified by stamping on a ground area in such a manner 
that numbers will remain visible. Stencil: “Rubber Lined—Do Not Cut or Weld.” 
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* Additional protective measures are available from rubber lining manufacturer 
publications. 


ASSEMBLY, TESTING, INSPECTIONS, 
AND MAINTENANCE 


Assembly on the Job Site 


Care shall be taken to ensure that the rubber lined flange is not damaged by 
being cut or crushed during assembly. The rubber lining on a flange must not be 
compressed more than one-third of its thickness, or the lining could tear away from 
the metal surface, causing a leak. Listed below are recommendations for gasketing 
and bolt tightening rubber lined pipe, flanges, and equipment: 


* The gasket thickness should be equal to or slightly less than the rubber lining, 
but not less than % in (3.2 mm). 


* The gasket hardness should be equal to or slightly less than the hardness of the 
rubber lining, but not greater than 60 (Shore A). 


* The surface of the lining in contact with the gasket should be treated with a 
release coating which will allow disassembly without causing damage to the lining. 


* All bolts should be initially tightened until they are snug. Then each bolt should 
be torqued down to 15 ft - Ib (20.3 N - m) using standard cross pattern techniques. 


e After 24 hours, bolts should be checked to ensure that 15 ft-Ib (20.3 N-m) is 
maintained. After the line or equipment is put in service, someone should check 
to ensure that there are no leaks. If a leak is observed, the bolts should be 
tightened evenly and only enough to stop the leak. 


* For high-pressure applications [greater than 300 psi (2070 kPa)], flanges may 
require a high-pressure design versus the typical flat-face design. 


* The alignment of all flanges should have a tolerance of V& in (0.79 mm). 


Testing 


The test procedure outlined in this subsection measures the ability of rubber to 
withstand the effect of liquids. It is designed for testing specimens of elastomeric 
vulcanizates cut from standard sheets (ASTM D3182). The lining manufacturer can 
supply these for the lining specified. 

In view of the wide variations often present in service conditions, this test 
may not give direct correlation with service performance unless the actual vessel 
considered for lining is utilized. However, this test method yields data on which to 
base judgment as to expected service quality. 

This provides a method for exposing test specimens to the influence of liquids 
under definite conditions of temperature and time. The resulting deterioration is 
determined by noting the changes of volume, weight, and hardness before and after 
immersion in the test liquid. 

For purpose of the test, it is desirable to use the liquid with which the vulcanizate 
will come in contact in service. Several small spools can be lined for the purpose 
of the test with various rubber linings. 
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If desirable, laboratory testing can be performed as outlined in ASTM D471. 
The standard specimen shall be square having dimensions of 6 in X 6 in (150 mm 
X 150 mm). Thickness of sample shall be 0.125 in (3.2 mm). The lining manufacturer 
can supply the proper sheet for the lining specified. 

Three sample specimen squares shall be prepared for each composition to be 
tested. Two shall be immersed and one retained for the original data. 

If necessary, this procedure can continue for more immersion cycles or longer 
periods; 168 to 672 hours are normally sufficient to be predictive. 

During immersion, records of temperature and concentration which vary from 
the normal operating conditions should be maintained. 

The following information is recorded with samples and sent to the manufacturer 
of the lining for evaluation. 


. State that the test was conducted in accordance with this test procedure. 
. Date and temperature of place of test. 

. Dates of various periods of immersion. 

. Immersion liquid utilized. 

. Temperature of exposure. 
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. Statement of condition of exposed specimens from visual and manual exami- 
nation. 


7. Results of immersed and nonimmersed specimens in accordance with the ASTM 
D471 test method. 


8. Report hardness before and after immersion in compliance with ASTM D2240. 


Obviously, unsuitability of lining would be swelling, deterioration, delamination, 
softening, or hardening. Some chemicals may exhibit one of the noted characteristics 
but still provide adequate service life. This is why the lining manufacturer must be 
consulted throughout the process. 


Testing Under Process Conditions 


Operating environments in many industries today are more corrosive, chemical 
compositions are more complex, concentrations are greater, and processing temper- 
atures are higher than in the past. Thus, if a lining is being considered, it is often 
beneficial for the consumer to evaluate rubber-lined samples under actual process 
conditions. A proper evaluation following an appropriate period of exposure would 
include a percent weight change and volume change of the sample, a change in 
hardness and surface appearance, and the degree and rate of permeation which is 
extremely important to check. In some cases, a destructive permeation can occur 
without significant change in the weight, volume, hardness, or appearance of the 
lining. 

Often the vapor phase of a chemical is overlooked when testing for a lining. In 
some conditions, rubber lining exposed to chemical vapors can be affected more 
severely than an immersed lining. 

Among the tests and test methods that can be used for rubber linings are: 
chemical resistance (immersion), ASTM D 471; chemical resistance (test cell), 
ASTM D 3491; abrasion resistance, ASTM D 3389; adhesion, ASTM D 429; tensile- 
elongation, ASTM D 412; absorption, ASTM D 471; and hardness, ASTM D 2240. 
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TABLE B11.7 Service Condition Information Required 


. Process or operation: 


. Equipment involved: 


. What chemicals are present and what are their minimum, maximum and operating 
concentrations? (Also include any impurities or incidental materials present, even 
though in traces only.) 


4. Temperature: minimum_—_____ maximum _______ operating 


. Are there any abrasive materials present and, if so, what is the: 
a. nature of abrasive material 
b. percent of solids 
c. degree of abrasion (What is present service life of equipment?) 


6. Operating pressure (psi) —— — or vacuum (inches of mercury) 


7. Is slight contamination or discoloration of solution objectionable? 


8. Is equipment a welded fabrication or casting? (If alloy, advise type.) 


. Has this type of equipment been rubber lined before? If so, advise type of rubber 
lining and service life obtained. 


. Have there been rubber failures in this service? 
If so, were they: 
a. in the liquid or vapor phase? 
b. hardening or swelling failures? 
c. caused by abrasion? 


. Will the pipe lining be exhaust steam cured? 


. Will there be supplemental heating of the tank contents (inner coils, recirculation, 
through a heat exchanger or external coils around the pipe walls)? 


. Will the lining be exposed to any thermal shock? 


. What are the consequences if the pipe lining should fail? 


Table B11.7 is a form devised to help the specifier gather the information neces- 
sary to make an informed decision. 


Inspections 


The general appearance when looking inside of the pipe shall be observed and 
noted. Seams and lining should not have any lumps, blisters, or looseness, or have 
any open seams. The following inspections and tests are performed: 


Hardness. The durometer hardness is checked in accordance with ASTM D 412. 
This checks the cured hardness against that specified by the rubber manufacturer. 
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This is done 24 hours after completion of cure to allow the rubber to achieve its 
optimum properties. While the hardness or durometer reading in the laboratory 
under the proper conditions can produce consistent results; its use in a pipe by 
different people at different times, pressures, and methods can result in appreciable 
variations. This is especially true when the instrument requires a flat surface to 
make an accurate reading. There may be a variance in durometer readings of 
+10 Shore A or D when lining is pressure cured in an autoclave or in an open 
atmospheric steam; or +15 for a chemical-cured lining. 


Pinholes. To detect pinholes and otherwise determine a lining's integrity, a high- 
voltage holiday detector or spark tester is used. A spark tester consists of a wand 
to which an electrical voltage is applied. The wand is passed over the lining at a 
rate of approximately one foot per second. Where there is a pinhole or other form 
of discontinuity in the lining, the current will pass through the discontinuity to the 
underlying steel and set off an alarm. But the current emanating from the tip can 
also pass through the lining to the pipe, if excessive voltages are applied. Thus, a 
spark tester used by anyone other than an experienced inspector can severely 
damage a lining. Precautions must be taken when using a spark tester. The possibility 
of damage must be weighted against the benefits of its use as an inspection instru- 
ment. This test is usually performed only on large-diameter pipe, NPS 24 (DN 600) 
or larger, or on small diameter pipe, NPS 6-8 (DN 150-200). Special equipment 
is usually required to ensure that the spark tester can reach all areas inside the 
long lengths of the pipe. It is quite imperative that the spark voltage settings are 
proportioned to the thickness of the lining to be tested. The following range of 
voltages are recommended: 


Lining Thickness Minimum Voltage 

V6 in (3.2 mm) 6250-8500 volts minimum 
34e in (4.85 mm) 10,000-12,500 volts minimum 
A in (6.4 mm) 12,500-15,000 volts minimum 


Materials such as neoprene- and graphite-loaded linings require even lower 
voltage ranges; 7500 volts for Ys in (3.2 mm) and ?4e in (4.85 mm); and 10,000 volts 
maximum for a 1⁄4 in (6.4 mm) thickness. Spark testing should be performed only 
when it is considered necessary. Frequent spark testing may lead to extensive repair 
work. Used linings generally have reduced electrical resistance, especially after 
several years of service. Where salts have saturated the surface, or the solution has 
penetrated the lining, spark testing becomes more sensitive. Cracked linings also 
have a loss of gauge in the cracked area. In these cases, spark testing must be done 
with extreme caution, with a very low voltage setting. 

The spark-testing equipment must be kept constantly moving; otherwise it could 
burn through the lining and create pinhole leaks. A leak would be seen as a white 
or blue arc jumping from the spark tester wand through the lining to the metal. If 
a leak is detected, this area should be marked and repaired prior to curing. 


Maintenance 


Rubber-lined pipe can be a large investment for a company. Thus, proper care and 
maintenance are always recommended. An experienced applicator can offer many 
detailed suggestions. Some basic considerations of maintenance are: avoid impact, 
such as can occur from dropped tools; prevent exposure to sunlight and outdoor 
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weathering; and protect from sudden temperature changes, which may cause thermal 
stresses that result in cracking, especially in hard rubber linings. 


LINING SELECTION CONSIDERATIONS 


Thickness Selection 


Lining thickness may vary from Y6 to % in (3 to 6 mm). In some very abrasive 
conditions, up to 1 in (25 mm) has been applied. Experience has proved that not 
only the rate of abrasion must be considered but temperature also. For temperatures 
greater than 140°F (60°C), % in (6 mm) thick lining will provide better service. 
Table B11.8 shows the recommended maximum lining thicknesses for different 
pipe sizes. 

The most commonly used and economical lining thickness is % in (6 mm). It 
offers long life for a wide range of applications. 


Material Selection 


The most important factor in selecting the right lining material is specific chemical 
resistance that will be required. The manufacturer must be consulted early in the 
specification process to ensure the right lining for the application. This subsection 
describes the most common elastomers used in pipe lining. 


TABLE B11.8 Recommended Maximum Lining Thicknesses 


Lining thickness, inch (mm) 


Pipe Size 
NPS (DN) 36 (9.53) Vo (12.7) 34 (19.1) 1 (25.4) 


2 (50) 
3 (80) 
4 (100) 
6 (150) 


P 


8 (200) 
10 (250) 
12 (300) 
14 (350) 
16 (400) 
18 (450) 
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24 and larger 
(600 and larger) 
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The second most obvious consideration in rubber lining is abrasion resistance. 
Generally, the softer the rubber the more resistant it is to impact abrasion. The 
harder the rubber the more resistant it is to sliding abrasion. Natural rubber and 
some other linings can be compounded over a range of hardness. Often a compro- 
mise must be reached between abrasion resistance and chemical or solution perme- 
ation (attack). For example, a soft rubber would be more impact abrasion resistant, 
but a hard rubber may be needed for permeation or chemical resistance. The rubber 
manufacturer should be consulted in these situations. 

Temperature resistance, another important factor, can also depend on the hard- 
ness of the rubber lining compound. Hard natural rubber is more temperature- 
resistant than soft natural rubber; but the temperature resistance of synthetic rubber 
is determined more by the type of polymer used, such as neoprene and butyl. 

Soft elastomeric linings are often considered suitable for temperatures up to 
150°F (66°C) and semi-hard or hard linings up to 180°F (82°C). Certain synthetic 
elastomers can be successfully used to temperatures of 220°F (104°C). The destruc- 
tive effects of chemicals on linings at elevated temperatures is accelerated. Oxidation 
and diffusion are more rapid, so the overall life of the lining may be shorter. To 
enhance the life of linings at elevated temperatures, a thickness of 1⁄4 in (6.4 mm) 
or more is commonly recommended. 

Elastomeric sheet linings resist many chemicals and are considered suitable for 
the following, subject to both temperature and concentration factors: 


* Most inorganic acids, such as hydrochloric, phosphoric, sulfuric, hydrofluoric, 
and hydrofluosilicic 


* Many organic acids, including acetic, tannic, and gallic 


* [norganic salt solutions, including ferric chloride, zinc chloride, tin chloride, so- 
dium cyanide, and ferrous sulfate 


Inorganic bases, such as sodium hydroxide, calcium hydroxide, and potassium hy- 
droxide 


Plating solutions, including nickel, brass, tin, zinc, silver, and cadmium 


Bleach solutions, such as sodium hypochlorite, calcium hypochlorite, and chlorine 


Table B11.9 lists some common chemicals and the general polymer used for a 
lining. The manufacturer of the lining shall be contacted for advice about the proper 
lining selection. In-service testing may be needed to confirm the suitability of the 
material selected. 


Common Elastomers 


A brief description of each of the most common elastomers, with its general chemical 
resistant properties, is provided in this subsection. 

Natural rubber has been used as a protective covering almost since its discovery. 
It can be produced in many ways, to create soft elastic and resilient compounds, 
or as hard as an ebonite-type product. The high sulfur, semihard, or hard versions 
offer vastly different properties. The inherent saturation affected by the high sulfur 
level creates a lining which exhibits greater resistance to chemical attack and perme- 
ation; but is most prone to commodity contamination through leaching of sulfur 
compounds into the contents of a vessel. Thermal and mechanical shock offer 
substantial hazards when the hard stock is used; but by compounding, an acceptable 
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TABLE B11.9 Chemical Resistance of Various Linings 


Corrosion Media 


Percent 


°F (°C) 
Max Concentration a 
temp of (%) soft hard 


Nat. Rubber 


Butyl 


EPDM 


Neop. 


Nitrile 


Hypalon 


Urethanes 


Abrasion 

Acetic acid 
Ammonium sulfate 
Chlorine gas wet 
Copper cyanide 


Ferric chloride 
Hydrochloric 
Hydrofluoric 
Kerosene 
Nickle chloride 


Nitric acid 
Phosphoric acid 
Sodium chlorite 
Sodium hypochlorite 
Sodium hydroxide 


Sodium sulfate 
Sulfuric acid 

Sulfuric acid 
Water—fresh 
Water—salt 
Water—mine tailings 


140 (60) 100 
200 (93) saturated 
175 (79) saturated 
160 (71) saturated 


175 (79) saturated 
125 (52) 37 
90 (32) 50 
90 (32) saturated 
190 (88) saturated 


150 (66) 10 
140 (60) 85 
190 (88) saturated 
150 (66) 15 
194 (90) 50 


190 (88) saturated 
180 (82) 20 

150 (66) 50 

175 (79) 

175 (79) 

120 (49) 


R = Recommended for the corrosion medium shown. Additional service conditions, such as exposure to sunlight, must also be considered be- 


fore a lining is selected. 
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level of flexibility can be achieved to tolerate these conditions. The harder the 
rubber lining the better it can withstand higher temperatures. 

Natural rubber linings have been known to handle many acids, alkalies, and 
other corrosive materials; however, strong oxidizing agents such as chromic and 
nitric acids attack natural rubber with vigor. Another limitation of natural rubber 
is its inability to withstand hydrocarbons such as benzene, toluene, gasoline, etc. 

Natural rubber hardness ranges from 30 to 100 durometer (Shore A) and can 
withstand temperatures up to 190°F (88°C). 

Butyl has gained prominence since its birth for inner tubes, diaphragms, and 
similar products, because of its excellent low permeability to gases. Butyl has also 
found wide application in the electrical insulation field because of its inherently 
good electrical properties and exceptional resistance to deterioration by heat, 
ozone, and weathering. Another quality in its favor is its extremely low water 
absorption characteristic. Because butyl has a high degree of chemical saturation, 
it can be compounded to offer greater resistance to heat and many chemicals, 
especially the oxidizing acids. But like natural rubber, butyl offers little resistance 
to petroleum oil and solvents. Butyl linings generally range in the 50 to 70 (Shore 
A) hardness, and some can be used in high-temperature applications up to 260°F 
(127°C). 

EPDM has excellent weather- and ozone-resistance that is vastly superior to 
any other comparably priced polymer. It possesses good heat resistance over a wide 
range with a temperature resistance of 200°F (93°C). Hardness for EPDM linings 
can range from 50 to 70 durometer (Shore A). EPDM offers good resistance to water, 
acetic acid, and weak solutions of chromic acid. However, it has been established that 
even at higher levels of hardness hydrochloric acid will penetrate EPDM and have 
a destructive effect on the steel without showing any adverse effect on the rubber. 
This shows that the permeation not only of water but of chemicals is critical in the 
selection of the lining. 

Nitrile rubber linings have gained increasing acceptance based on their excep- 
tional resistance to petroleum products such as solvents, oils, and greases. The 
temperature resistance is good up to 200°F (93°C). The hardness is moderate to 
hard, 50 to 90 durometer (Shore A). 

Urethane is a unique polymer in that it can be sprayed on. Urethanes can be 
applied up to several inches thick and offer great sliding abrasion and hydrocarbon 
resistance, but they lack resistance to many chemicals. Urethanes range in hardness 
from 50 to 90 durometer (Shore A). The service temperature for urethane is 
120°F (49°C). 

Neoprene is available in many types and with a variety of uses, which has made 
it a household name. Neoprene can be compounded to withstand temperatures up 
to 200°F (93°C) and effectively resist chemical attack by moderate chemicals, such 
as sodium hydroxide and seawater. It is also known to be moderately oil resistant. 
Durometer hardness ranges typically between 50 and 70 (Shore A). Neoprene is 
attacked by strong oxidizing acids and ketones. 

Hypalon is a highly versatile polymer, capable of being compounded for excellent 
resistance to heat, flame, ozone, weather, tear, and abrasion. It offers resistance to 
oil and grease. Hypalon, because of its resistance to the effects of chemical oxidation, 
has gained recognition in the handling of chromic acid (1096) and hydrogen peroxide 
(30%). Operating temperature can be as high as 200°F (93°C). Hardness can be 
from 50 to 60 durometer (Shore A). 

The foregoing guidelines will be useful in selecting the best lining for the service; 
however, specification writing should only be done after consulting with the lining 
manufacturer and possibly even testing of various linings in the media. 
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SUMMARY 


Elastomeric linings can effectively protect piping and other components from 
harshly corrosive and abrasive environments. Rubber lining technology continues 
to advance with the development of new polymers, application techniques, and 
equipment. 


GLOSSARY 


This glossary describes and explains terms related to the manufacture, preparation, 
application, and testing of rubber and elastomeric lining materials used in the 
protective linings industry. Many of the terms are used in the specification and 
application of corrosive and abrasive resistant materials. This glossary includes 
chemical names, abbreviations, identifications, and colloquial expressions. 


Abrasion Resistance. The resistance of a material to loss of surface particles due 
to frictional forces. 


Acid Resistant. The ability to resist the action of identified acids within specified 
limits of concentration and temperature. 


Adhesion. The state in which two surfaces are held together by interfacial forces 
which may consist of molecular forces or interlocking action, or both. Adhesion 
values for tank lining are often determined by the procedures described in ASTM 
D429-Test Methods for Rubber Property-Adhesion to Rigid Substrates. 


Adhesion Failure. The separation of two materials at the surface interface rather 
than within one of the materials itself. 


Adhesive. A substance capable of holding materials together by surface at- 
tachment. 


Age Resistance. The resistance to deterioration by oxygen, heat, light, ozone, alone 
or in combination, during storage or use. 


Antioxidant. Same as age resistor, a chemical compounding material used to retard 
deterioration caused by oxygen. 


ASTM. The abbreviation for the American Society for Testing and Materials. 


Autoclave. A pressure vessel used for the curing or vulcanization of rubber parts 
by means of steam under pressure. 


Blasting. Surface cleaning and preparation of substrate using abrasives such as 
airborne sand, grit, or shot. 


Blemish. A superficial mark or impression on the surface of green or cured rub- 
ber lining. 
Blister. A cavity or a sac deforming the surface of a material usually due to 


expansion of an entrapped liquid or gas. Permeation failures of tank linings in 
service are sometimes evidenced by blister formation. 


Bond. The union of materials by use of adhesives, usually used in relation to parts 
vulcanized after attaching or being assembled together. 


Bromobutyl. Used in a general sense to mean a bromobutyl tank lining construc- 
tion. ASTM designation BIIR. 
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Butt Seam. A seam made by placing the two pieces to be joined edge-to-edge. 


Butt Splice. A joint made in a rubber part before or after vulcanization by placing 
the two pieces to be joined edge-to-edge. 


Butyl Rubber. A copolymer of isobutylene and isoprene rubber; ASTM designa- 
tion IIR; chlorobutyl or bromobutyl rubber is the common name for such materials 
used in lining. 

Calender. A machine equipped with two or more heavy, internally heated or 
cooled rolls, used for the continuous sheeting or plying up of rubber compounds. 
Calender Blister. Trapped air between calender plies of a multi-ply rubber buildup. 


Cement. A dispersion or solution of an elastomer or compound in a solvent for 
use as an adhesive or coating. 


Chlorobutyl. Used in a general sense to mean a chlorobutyl tank lining construc- 
tion. ASTM designation CIIR. 


Chlorosulfonated Polyethylene. Generic name of an elastomeric material sold as 
Hypalon,*™ ASTM designation CSM. 


Closed Skive. A reverse angle cut along the edge of a rubber panel. This enables 
the installer to stitch down the cut edge so that the tie gum is protected from 
exposure to the commodity contained in a tank. 

Cure. Similar to cross-linking, while cure covers all types (sulfur, peroxide, radia- 
tion, etc.). 

Delamination. Separation or splitting, either between plies in laminated goods or 
occasionally within the homogeneous part itself. 


Durometer. An instrument for measuring the hardness of rubber and plastics. The 
“A” durometer scale is used for flexible materials and the “D” for rigids. 


Durometer Hardness. A value that indicates the indentation or resistance to inden- 
tation of the indentor point of a durometer. High values indicate harder materials. 
See ASTM D2280-Test Method for Rubber Property-Durometer Hardness. 


EPDM. ASTM abbreviation for a terpolymer of ethylene, propylene, and a diene 
with the residual unsaturated portion of the diene in the side chain. 


Ebonite. A term for hard rubber, made by vulcanization of rubber with high levels 
(greater than 30 parts) of sulfur, where the high hardness is due to the sulfur content. 


Elastomer. A polymeric material which, at room temperature, is capable of recov- 
ering substantially in shape and size after removal of a deforming force. 


Elongation. Extension produced by tensile stress, usually expressed as a percent 
of original unit length. 


Face. The commodity-contacting surface in tank lining construction. 
Face Stock. The commodity-contacting stock in a multi-component lining. 


Fish Eye. Athin elongated void in a calendered sheet. This slight cosmetic blemish 
does not affect the service life of the rubber lining. 


Gasket. A deformable material clamped between essentially stationary faces to 
prevent the escape of matter through an opening or joint. 


Gauge (Gage). Refers to a dimension, generally the thickness of a product, as 
measured by a gauge of some type. 


Hardness. The measured resistance to indentation of a material. 


Heat Resistance. The property or ability of rubber articles to resist the deteriorating 
effects of elevated temperatures. 
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Holiday. A small uncovered or noncoated area in a substrate; usually refers to 
pinholes in thin coatings of rubber sheeting. 


ID. or ID. Abbreviation for inside diameter. 


Immersion Testing. Commonly used to determine the resistance of tank lining 
compounds to various chemicals. See ASTM D 471-Test Method for Rubber Prop- 
erty-Effect of Liquids. 


Lap Seam. A seam made by extending the flat edge of one piece of material flat 
over the edge of a second piece of material. 


Light Aging. Deterioration of compounds when exposed to light (direct or indirect, 
natural or man-made). 


NACE. National Association Corrosion Engineers. 


Natural Rubber. Rubber formed in a living plant or tree, usually referring to 
Hevea brasiliensis. ASTM designation NR. 


NBR. ASTM designation for copolymers of acrylonitrile and butadiene. 


Neoprene. Originally the trade name, now the generic name of polymers and 
copolymers based on chloroprene. ASTM designation CR. 


Nerve. The elastic resistance of raw rubber or compounds to permanent deforma- 
tion during processing. A nervy tank lining will be difficult to lay around tight bends 
or in corners because of spring back. 


Nitrile Rubber. Copolymers of acrylonitrile and butadiene. Same as NBR or 
Buna-N. 


O.D. and OD. Abbreviation for outside diameter. 
Off Gauge. Not conforming to specified tolerance on thickness. 
Open Seam. A seam in which edges do not meet, forming a void. 


Optimum Cure. The time and temperature of cure necessary to develop the desired 
combination of properties. Several laboratory procedures are available to help 
determine this point. 


Overlap Splice. The edge of a panel which overlaps the end of an adjoining panel. 
The splice can be open or closed. 


Over lay. To add another layer of lining over an in-place tank lining construction. 
Typical over lays are cap strips and dome ends of tank cars. 


Oxidation. The reaction of oxygen with a rubber product, usually accompanied 
by a change in feel, appearance of surface, or a change, usually adverse, in physi- 
cal properties. 


pH. The measure, on a logarithmic scale of 1 to 14, of the relative acidity or 
alkalinity of an aqueous solution. Neutral pH (pure water) is 7. Hydrochloric acid 
would be approximately 1 and sodium hydroxide approximately 13. 


Plasticity. The tendency of a material to remain deformed after reduction of the 
deforming stress to or below its yield stress. 


Ply Adhesion. The force required to separate two adjoining plies in a specified 
width of a rubber product. 


Ply Separation. A condition which occurs due to a loss of adhesion between plies. 


Polymer. A macromolecular material formed by the chemical combination of 
monomers having either the same or different chemical composition. 
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Polymer Chain. The chain of elements that form the basis of the structure of a 
polymer. The elements may be all carbon atoms, carbon and oxygen, silicone, 
nitrogen, etc. 


Pressure Cure.  Vulcanization under pressure. 


Profile. Surface profile is a measure of the roughness of a surface which results 
from abrasive blast cleaning. The height of the profile produced on the surface is 
measured from the bottom of the lowest valley to the top of the highest peak. 


PSI. The abbreviation for pound per square inch. 


Qualification Inspection or Test. The examination of samples from a typical pro- 
duction run of products to determine adherence to a given specification for approval 
to become a supplier. 


Quality Conformance Inspection or Test. The examination of samples from a 
production run of products to determine adherence to a given specification for 
acceptance of that production run. 


Rate of Cure. The relative time required to reach a predetermined state of vulcani- 
zation under specified conditions. 


Recovery. The degree to which a rubber product returns to its normal dimensions 
after being distorted. 


Reversion. The softening of vulcanized rubber when it is heated too long or 
exposed to elevated temperatures. It is a deterioration in physical properties. (Ex- 
treme reversion may result in tackiness.) This most commonly affects natural rub- 
ber linings. 


Rubber. An elastomer, generally implying natural rubber, but used loosely to 
mean any elastomer, vulcanized and unvulcanized. By definition, a material that is 
capable of recovering from large deformations quickly and forcibly. 


Sand blast. To clean with sand or steel grit in a high velocity stream of air. 
Seam. A line formed by joining material to form a single ply or layer. A splice. 


Semihard Rubber. A term used for hard rubber which when fully cured is flexible 
and can be bent without shattering. 


Shelf Aging. The natural deterioration of rubber articles kept in storage or **on 
the shelf" under normal atmospheric conditions. This slow deterioration is due 
primarily to oxygen and ozone attack. 


Shelf Life. An expression describing the time a material can be stored without 
losing any of its properties. 

Shore Hardness. A term denoting a hardness value derived from an instrument 
developed by The Shore Instrument & Mfg. Co., Inc. 


Skive. A cut made on an angle to the surface to produce a tapered or feath- 
ered edge. 


Skive Butt Seam. Two skived edges joined edge-to-edge to form a smooth surface. 

Spark Tester. A high-voltage test unit used to detect breaks or holes in a lining. 

Specific Gravity. The ratio of the mass of a unit volume of a material to that of 

the same volume of water at a specified temperature. Specific Gravity is: 
grams/cc of material or pounds/f of material 


grams/cc of water (1) pounds / fe of water (62.4) 
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Specific Volume. The reciprocal (1/Sp. Grav.) of specific gravity. Also expressed 
as the ratio between the volume of one pound of water and the volume of one 
pound of material. 


SSPC. Abbreviation for Steel Structures Painting Council. 
Static Spark. A high voltage of static electricity. 


Steam Cure (Open). A method of vulcanizing rubber parts by exposing them 
directly to steam. 


Stitching. A method of joining two pieces of uncured rubber compound together 
by means of a stitching roller, and a hand held tool comprised of a wheel with a 
narrow edge which is often serrated. It is commonly used to make tank lining splices. 


Substrate. The surface on which a coating or lining is applied. 

Surface Preparation. The preparation of a substrate prior to applying tank lining: 
welding, grinding, blasting, cleaning. 

Swelling. An increase in volume or linear dimension of a specimen immersed in 
liquid or exposed to a vapor. 


Tack. The property of a polymer, compound, or adhesive that causes two layers 
to stick together on application of mild pressure. Tacky polymers or compounds 
do not necessarily stick to other surfaces. 


Tack Cement. A formulated rubber/cement mixture which can be rolled or 
brushed on surfaces which will hold the rubber panel in place until cure takes place. 
Normally considered a part of the adhesive system. 


Tensile Strength. The maximum tensile stress applied during stretching of a speci- 
men to rupture processed per unit area of the specimen, i.e., psi and mPa. 


Tie Gum. An intermediate layer of rubber employed to promote bonding of two 
surfaces; usually a soft rubber compound. 


Vapor Phase. Vapor above the liquid in a tank car or closed storage tank; often 
the most severe conditions for rubber tank lining. 


Vulcanization. 1) An irreversible process during which a rubber compound, 
through a change in its chemical structure (cross-linking), becomes less plastic and 
more elastic. Elastic properties are conserved, improved, or extended over a greater 
range of temperature. 2) It often refers to the reaction of rubber specifically with 
sulfur, while “curing” covers other methods of cross-linking. Both terms are often 
used interchangeably. 


Weathering. A surface deterioration of a rubber article during outdoor exposure. 


White Metal Blast. To send or shot blast a steel substrate to a SSPC No. 5 finish, 
as specified by the Steel Structures Painting Council (NACE #1). 
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INTRODUCTION 


Plastic-lined piping and fittings consist of a metal housing lined with chemically 
resistant plastic. The combination of a chemical-resistant engineered plastic liner 
inside a relatively inexpensive but mechanically strong pipe or fitting housing allows 
for the safe and economical conveyance of corrosive and dangerous chemicals. For 
this reason, plastic-lined pipe finds widespread use in such industries as the chemical 
process, pulp and paper, and metal finishing industries. It is also the desired choice 
when product purity is of concern, particularly when metal corrosion by-products 
cannot be tolerated in the process fluid. Industries requiring such purity are pharma- 
ceuticals, food, power generation, and electronics, to name a few. When service 
conditions are within the capabilities of a plastic-lined piping system, it is often an 
economical alternative to expensive alloy piping. The methods of lining vary, but 
all achieve the same goal: to ensure that the liner and housing expand and contract 
as one unit, even though plastic and metal have greatly differing rates of expansion 
and contraction. 


History 


Plastic-lined pipe was first manufactured in the early 1940s and sold commercially 
in 1948.' The first piping system was made by mechanically reducing or swaging a 
steel tube housing down onto an extruded polyvinylidene chloride (PVDC) resin 
liner. Initially, plastic-lined pipe was not widely accepted by the chemical processing 
industries because the PVDC liner could only be used for acids and caustics to a 
maximum service temperature of 175°F (79°C). As new high-performance resins 
and different manufacturing techniques were developed, plastic-lined pipe was 
taken more seriously as a cost-efficient method of fighting corrosion. 
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Thanks to high standards developed by the various manufacturers in the plastic- 
lined pipe industry and more than 50 years of success in very aggressive applications, 
plastic-lined pipe is a proven and accepted piping product wherever corrosive 
chemicals must be conveyed. 


METHODS OF MANUFACTURE 


The plastic-lined pipe industry uses both extrusion techniques for melt-extrudable 
type resins or sintering methods for processing polytetrafluoroethylene? (PTFE) 
powder resins into their final forms. Sintering can be defined as forming a coherent 
bonded mass by heating a powder without melting it. The following sections provides 
a brief description of the type of processing used by the various manufacturers of 
plastic-lined piping products. 


Liner Manufacturing Processes for PTFE Liners 


Although PTFE fluorocarbon resins are thermoplastic materials, they do not flow 
readily as do most thermoplastics. Instead when PTFE melts at 647°F (342°C), it 
changes from a white solid to a transparent rubbery gel. Because of the extremely 
high viscosity of the melted PTFE, special techniques have been developed for 
converting granular PTFE resins to finished products. The basics steps common to 
all of these techniques are 


* Compaction of the granular resin at a relatively low temperature into a compressed 
form so that it can be handled 


* Heating of the compacted resin above its melting temperature (commonly called 
sintering) so that the polymer particles can coalesce into a strong homoge- 
neous structure 


* Cooling of the sintered product at a controlled rate to room temperature to 
achieve the desired degree of crystallinity development 


Voids caused by insufficient consolidation of PTFE resin particles during pre- 
forming may appear in the finished articles. With reference to a temperature, for 
example 73°F (23°C), PTFE-liner specific gravities below 2.11 indicate a high-void 
content. The minimum accepted standard specific gravity as defined in ASTM 
F 1545 for PTFE-lined pipe is 2.14. Although void content is determined largely 
by particle characteristics and preforming conditions, sintering conditions can also 
have an effect. Sintering at too high or too low a temperature can increase void 
content.*4 

A number of processes are used to produce PTFE pipe and fittings liners. These 
are described below: 


Paste Extrusion: This is the original method of producing cold-formed tubing 
from PTFE resin. PTFE resin is mixed with a lubricant, such as naptha, and is 
compressed into a dense billet. The billet is loaded into an extrusion chamber 
and is extruded under great pressure through a die-and-core pin combination. 
The resultant shape is a tube with a tightly controlled inside and outside diameter. 
The tube is then heated to drive off the lubricant and then sintered in an oven 
in a controlled time-and-temperature cycle. The tube may be used as a pipe 
liner or as a liner for elbows. 
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Isostatic Molding: This method is analogous to powder-metal sintering, in that 
the PTFE resin is compressed in special precision molds under great pressure 
to form a near-net shape. For lined piping products, the shape is either a tube, 
which will be used as a pipe liner, or a fitting shape, which will be used as a 
fitting liner. Pipe liners must be produced using special molds that consist of 
precision-machined cylinders and mandrels. After the PTFE is compressed, it 
is sintered in an oven in a controlled time-and-temperature cycle. The PTFE 
liners shrink approximately 3 to 5 percent during the sintering process, so the 
manufacturer must compensate for this shrinkage in the mold design. 


Ram Extrusion: Ram extrusion is a continuous process in which the specially 
formulated granular PTFE resin is first fed to the charging unit, compacted at 
room temperature, then heated above its melting point (commonly called sin- 
tering) and then cooled back to room temperature. The above sequence of 
events is carried out in a single piece of equipment (vertical or horizontal) rather 
than in several operations as is common with other PTFE-forming methods. 
Succeeding ram cycles cause the compacted resin charges to advance, step by 
step, through the heated extruder die where sintering takes place. The process 
allows for the continuous production of extruded PTFE tubing of very controlled 
wall thickness. 


Tape Wrapping: PTFE resin is compressed into a billet from which a continuous 
narrow thin tape is skived, resulting in a tape very nearly identical to pipe thread 
sealant (plumber's tape). This tape is then wound crossways around a long 
mandrel in many layers, building a thickness that will eventually be the liner 
thickness. The tape-wrapped mandrel is put into a sintering oven, and a time- 
temperature cycle sinters the PTFE into a continuous tube. 


Thermoplastic Liner Manufacturing 


The other widely used thermoplastic liners such as polypropylene (PP), polyvinyli- 
dene fluoride (PVDF), and perfluoroalkoxy (PFA) are melt processed and are 
either extruded in tube form for piping or injection or transfer-molded for fittings, 
spacers, and valves. 


Pipe and Fitting Lining Techniques 


Pipe Lining. The key to successfully manufacturing lined pipe is to combine the 
plastic liner with a metal housing such that the two will expand and contract as 
one, particularly when subjected to thermal changes common to the chemical process 
industry. There are a number of methods for inserting the liner within the steel 
pipe, used by various manufacturers. Each has its benefit as well as its limitations. 
They are as follows: 


The first patent for lined pipe was granted in 19625 for a process by which an 
oversized liner is first drawn through a sizing die directly into a flanged pipe 
housing. The liner is allowed to expand against the housing by heating the pipe 
and liner in an oven that is programmed to provide a carefully controlled time- 
and-temperature cycle. This method first induces stresses into the liner, then 
relaxes those same stresses in the oven. The result is a liner which is locked into 
the housing, providing thermal stability and vacuum resistance. A modified oven 
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cycle for pipe that can be field fabricated results in a moveable liner that exhibits 
the same thermal stability and vacuum characteristics as the locked-in liner. 


Another method involves inserting an oversized plastic liner into an oversized 
steel tube and then mechanically reducing (swaging) the steel down onto the 
liner to lock it in place, thus imparting a compressive force on it. The interior 
of the steel tube is roughened (picked) for the thermoplastic liners and grooved 
for PTFE. The picking helps anchor the liner and the grooves create an internal 
venting system for the PTFE lined product. 


This manufacturing technique literally grips the liner and facilitates the plastic 
and steel to act as a single unit during thermal cycles. The amount of compression 
imparted to the plastic liner is easily demonstrated by measuring the liner push- 
out resistance of a swaged spool versus that manufactured by other techniques. 


The last method is by simply placing a loose liner into a steel pipe housing. 
Although this method may serve the function of having a liner within the pipe, 
practice has shown that such lined systems do not perform well under thermal 
cycle conditions and can lead to premature failures. 


Lined Fittings and Valves. PTFE fitting liners may be isostatically molded one 
of two ways: 


* Outside the housing in special molds, which allows for quality assurance checks 
on the liner after molding 


* By using the actual fitting as the mold, which eliminates the need for special molds. 


The thermoplastic liners such as PP, PVDF, FEP, (perfluoroethylene propylene) 
and PFA are lined by traditional extrusion, injection molding, or transfer-molding 
techniques. The casting or fabricated-steel fitting is fitted with an internal mold 
that creates an annular space between itself and the metal housing. The melted 
plastic is injected into the annular space to form the actual lining. Unlike pipe, the 
sealing plastic face is molded in place as the fitting is being lined. The result is a 
seamless plastic with uniform wall thickness. 


Spacers. Thermoplastic spacers are used as transition pieces when mating plastic- 
lined pipe or fittings next to other types of pipe equipment such as alloy piping, 
tanks, or pumps. Their purpose is to provide a firm surface against which the plastic- 
lined pipe end forms a positive seal. The bore of the spacer is equal to the inside 
(ID) diameter of the plastic-lined pipe with which it is used. The spacer also protects 
the plastic-lined pipe end (flared face) from damage which may be caused by 
imperfections in the surface of the dissimilar material. Often a gasket is added 
between the spacer and the dissimilar material to assist in providing a good seal 
and to protect the surface of the spacer. Spacers are generally first injection molded 
into 0.5-in-(12.7 mm) thick panels, and then separate panels are pressure formed 
to each other to form a solid plastic block of a desired thickness. The solid plastic 
block can now be machined to create a specific spacer type. PTFE spacers are 
available in solid plastic form in a ring or full-face configuration, or with a steel or 
ductile-iron housing. Solid PTFE spacers are machined from sintered cylindrical 
billets. For extra mechanical strength, solid PTFE spacers made with glass-filled 
resins are also available. 

When connecting lined pipe to an unlined flat-faced flange, use a minimum 0.5- 
in-(12.7 mm) thick plastic spacer of the same material as the plastic liner for NPS 
1 (DN 25) through NPS 8 (DN 200) pipe sizes and at least a 0.75-in-(19 mm) thick 
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spacer for NPS 10 and 12 (DN 250 and 300) pipe. For installing butterfly valves, 
use tapered bore spacers with the larger bore adjacent to the valve side. Use blind 
spacers when blanking off lined pipe, fittings, or valves. For small-angle direction 
changes, use a tapered face spacer. If in doubt about the spacer material, one can 
always use a reinforced PTFE spacer, as it will handle all temperatures and all but 
a few chemical systems. 

For a full listing of the types of spacers available, consult the manufacturer. 
Also, spacers may be used only in accordance with the applicable piping code re- 
quirements. 


Finished Pipe Fabrication 


Flange-end options for lined pipe are dependent on the type of method used to fit 
the liner into the steel housing. For lined pipe that is swaged, a threaded-chamfered 
flange or a threaded-chamfered stub end fitted with a rotatable flange is screwed 
onto the pipe end. Although threaded flanges can also be used with all other pipe 
housings, a rotatable flange is typically used on other fabrication methods, and the 
steel pipe end is then flared. Other pipe end options can include lap-joint stub ends 
with rotatable flanges, or welded flanges. 

The plastic flared face is now simply made by heating the exposed plastic stub 
and then flaring or molding it against the flange or flared-steel pipe end. For swaged 
lined pipe, the steel housing is cut through to just where the plastic shows and the 
steel collar removed to expose the plastic-liner stub end. For flared pipe, a longer 
liner is inserted into the steel pipe housing and then cut to the desired length. For 
pipe lined with thermal-expansion methods, the pipe is already flanged, and enough 
liner extends beyond the flange ends to make the flares. 


Quality Control 


Each plastic-lined pipe and fitting is subjected to a 10,000-volt minimum electrostatic 
test prior to shipping so as to ensure that the liners do not contain any defects. A 
visible or audible spark that occurs at the probe when an electrical contact is made 
with the housing indicates the presence of a defect in the liner and is cause for 
rejection. A 425-psig (2930 kPa) hydrostatic test is an acceptable alternative to the 
electrostatic test. The sealing surface of the liner is also to be free of any defects 
that would impair sealing effectiveness. Other quality checks such as metal-and- 
plastic traceability, mil certs, length, liner type, and pipe size are noted to make 
sure that the part being shipped meets with the requirements as listed on the order. 
Special requirements such as on-site inspections, X-ray inspection of welds, and 
hydrostatic tests are also accommodated. All pressure-containing welds in the steel 
housings are made by welders certified to the ASME Boiler and Pressure Vessel 
Code, Section IX, and subject to the provisions therein. 


LINER MATERIALS 


Plastic lining materials fall into two main categories: fluorinated plastics and nonflu- 
orinated plastics. Fluorinated plastics are either fully fluorinated, as in the case of 
polytetrafluoroethylene (PTFE), perfluoroalkoxy, and perfluoroethylenepropylene, 
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or partially fluorinated, as in the case of ethylenetetrafluoroethylene (ETFE) and 
polyvinylidenefluoride. It is the fluorine-carbon bonding of these materials that 
provides the outstanding resistance to chemical attack. In fact, the fully fluorinated 
plastics exhibit better chemical resistance than virtually any other material, including 
other metals, plastics, or composites. They also possess’ 


* High thermal stability 
* Resistance to sunlight degradation 
* Low smoke and flame characteristics 


Resistance to fungus and bacteria build-up 
They generally have 


* Low permeability to most gases and liquids 


High purity in the virgin form 
* Processibility, formability, and moldability 


Cold weather impact strength 
* High abrasion resistance 


Low coefficients of friction 


Approval for food contact use 


The nonfluorinated plastics, polypropylene (PP) and polyvinylidene chloride 
(PVDC), are more general purpose materials that provide good overall chemical 
resistance. They have lower temperature and chemical resistance than the fluoro- 
polymers and are generally less expensive. 


Liner Types 


Polytetrafluoroethylene (PTFE). PTFE was originally developed by DuPont in 
1938, and was first utilized as a hose and pipe liner in the 1950s. (DuPont markets 
PTFE under the Teflon tradename, but other manufacturers use their own trade 
names such as Fluon, Hostaflon, Algoflon, and Polyflon.) PTFE is fully fluorinated 
and thus virtually inert to most chemicals. 


Fluorinated Ethylene Propylene (FEP). FEP was introduced in 1960 as the first 
melt-processible resin that matched the chemical resistance of PTFE. FEP is mar- 
keted under the DuPont trade name of Teflon FEP, and by others such as Hostaflon 
and Algoflon. The temperature handling capability of FEP, however, is less than 
PTFE or PFA. It can be used from —20°F (—29°C) to 300°F (149°C). With the 
advent of PFA in 1972, FEP found fewer applications in the lined-pipe industry. 
FEP lined piping is offered by a few manufacturers on special order. FEP is still 
widely used, however, in other product forms, including solid tubing, corrosion- 
resistant film, and cable and wire insulation. 


Perfluoroalkoxy (PFA). PFA is a chemically modified polymer of PTFE that 
exhibits the same chemical resistance and temperature-handling capabilities as 
PTFE. It was developed by DuPont in 1972 as a melt-processible high-temperature 
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fully fluorinated plastic. PFA is also marketed by DuPont under the trade name 
of Teflon PFA, and by others as Hostaflon PFA and Neoflon. Although the cost 
of PFA resin compared to PTFE is appreciably higher, it still finds utility as both 
a pipe and fitting liner. PFA has found broader acceptance in other related product 
forms, including corrosion-resistant plastic-lined pumps, valves, and solid plastic 
tubing. As with PTFE, PFA can be used in cryogenic services when the housings 
and flanges are stainless steel. PFA costs 3 to 4 times that of PTFE. 


Ethylenetetrafluoroethylene (ETFE). ETFE isa partially fluorinated plastic copol- 
ymer of ethylene and PTFE and is marketed by DuPont under the trade name 
Tefzel. Other tradenames are Hostaflon ET, Aflon COP and Neoflon. ETFE exhibits 
better chemical resistance and temperature-handling capability than any other plas- 
tics except PTFE, PFA, and FEP. ETFE is offered as a liner for both pipe and 
fittings, and has a service-temperature range of —20°F (—29°C) to 300°F (149°C). 
ETFE can be specified for lower service temperatures in conjunction with stainless 
steel housings. For the chemical resistance of ETFE to various chemicals, please 
see Table B12.1. ETFE has about the same cost as PFA. 


Polyvinylidene Fluoride (PVDF). Homopolymer PVDF is a partially fluorinated 
polymer that is marketed by Elf Atochem North America and Ausimont under 
the names KYNAR and Hylar, respectively. Other manufacturer's, tradenames are 
Solef, Neoflon, and KF. Elf Atochem also markets a copolymer of polyvinylidene 
fluoride and hexafluoropropylene (PVDF/HFP) under the tradename of KYNAR 
Flex. PVDF exhibits excellent chemical resistance to many chemicals and has a 
service-temperature range of —20°F (—29°C)(regardless of housing material) to 
275°F (135°C). Homopolymer PVDF is widely used for piping conveying haloge- 
nated compounds but should not be used in any service where the pH is above 11. 
The PVDF/HFP copolymer has a higher mole percent fluorine and, as a result, 
can tolerate solutions of pH up to near 13. For the chemical resistance of PVDF 
to various chemicals, please see Table B12.1. PVDF also cannot tolerate esters, 
ketones, or aldehydes. 


Polypropylene (PP). Polypropylene is a good general purpose lining material that 
exhibits good chemical resistance to a wide variety of chemicals in the temperature 
range of 0?F (—18°C) (regardless of housing material) to 225°F (107°C). PP is 
generally used to convey inorganic acids such as hydrochloric and sulfuric as well 
as caustics such as sodium hydroxide. PP is readily attacked by free chlorine and 
should not be used in this service or other services where free chlorine may be 
generated in an upset condition. Chlorinated hydrocarbons can cause swelling and 
softening at elevated temperatures. Another sometimes observed attack is thermal 
oxidative degradation of PP, as caused by 93% and greater sulfuric acid concentra- 
tions. For the chemical resistance of PP to various chemicals, please see Table B12.1. 


Polyvinylidene Chloride (PVDC). PVDC has the lowest temperature limit of the 
standard lining materials and is known by the trade name SARAN. Its use as a 
lining was discontinued at the end of 1996. PVDC found widespread use in the 
water treatment and pulp and paper industries, as it had particularly good chemical 
resistance towards chlorine. Although the service temperature range for PVDC is 
O?F to 175°F (—18°C to 79°C), it required special handling when the shipping, 
handling, and storage temperatures dropped to below 40°F (4°C). For the chemical 
resistance of PVDC to various chemicals, please see Table B12.1. 
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TABLE B12.1 Chemical Resistance of Liner Material 


Liners made from PTFE and PFA are resistant to the following 
chemicals to 450°F (232°C). 

Liners made from FEP are resistant to the following chemicals to 
300°F (149°C). 


Liner material maximum-use temperature (°F) 


Chemical ETFE 


Acetic acid (glacial) 230 
Acetone (10%) 150 
Ammonia (dry gas) 
Ammonia aqua (30%) 
Amy]l acetate 

Benzene 

Bromine liquid 

Chlorine liquid 

Chlorine gas 

Chlorine dioxide (15%) 
Chlorosulfonic acid 
Cyclohexane 
Diethylamine 

Ethyl acrylate 
Formaldehyde (37%) 
Formic acid 
Hydrochloric acid (10%) 
Hydrochloric acid (20%) 
Hydrochloric acid (36%) 
Hydrofluoric acid (35%) 
Hydrofluoric acid (100%) 
Hydrogen peroxide (30%) 
Hydrogen peroxide (90%) 
Methyl ethyl ketone 
Methylene chloride 
Nitric acid (10%) 

Nitric acid (50%) 

Nitric acid (90%) 

Phenol 

Phosgene (gas or liquid) 
Phosphoric acid 

Propyl alcohol 

Sodium hydroxide (1096) 
Sodium hydroxide (5096) 
Sodium hypochlorite 
Sulfuric acid (3096) 
Sulfuric acid (5096) 
Sulfuric acid (9396) 
Sulfuric acid (9896) 
Sulfuric acid—fuming 
Toluene 

Trisodium phosphate 


To convert from °F to °C, subtract 32 and multiply by 5/9. 
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Polyethylene (PE). Polyethylene is not truly used by the plastic-lined pipe industry 
as such but is offered as a retrofit liner as a low cost option for refurbishing already 
installed carbon steel piping. The polyethylene liner is drawn into the steel pipe in 
a buckled form and then expanded out to the steel shell with heat and or pressure. 
Polyethylene has <180°F (82°C) temperature capability but has reasonable chemi- 
cal resistance. 


Selection Criteria 


The piping-design engineer should specify the most economical liner material that 
is suitable for the given service conditions. The specifier must know the major 
and minor chemical(s) to be piped, as well as the concentration and operating 
temperature, in order to select the proper liner. By consulting published data for 
chemical resistance of plastics, the end user can choose an appropriate liner material. 
See Table B12.1. All lined-piping manufacturers publish chemical resistance charts 
for their plastic-lined piping products. Other factors, such as vacuum-handling 
capability, liner thickness, and reputation of the manufacturer, often influence 
purchasing decisions. 


Liner Identification 


Liners are color coded per the standards set by the APFA (American Pipe and 
Fittings Association) to allow for easy identification by the end user. See Table 
B12.2 for colors used. 


TABLE B12.2 Polymer Standard Specifications* 


Maximum filler 


Standard resin Allowable resin Standard material 
Lining material—resin type specification classification liner color (by weight) 
Polypropylene ASTM D 4101 Type I and II Orange <30% glass fiber 
Poly (vinylidene chloride) (PVDC) ASTM D 729 Gray <20% glass fiber 
Poly (vinylidene fluoride) (PVDF) ASTM D 3222 Black 
Poly (vinylidene fluoride) ASTM D 5575 Black 
Copolymer (PVDF) 
Polytetrafluoroethylene (PTFE) ASTM D 1457 White 
ASTM D 4894 
ASTM D 4895 
Perfluoro (ethylene-propylene) ASTM D 2116 Type III Green 
Copolymer (FEP) 
Perfluoro (alkoxyalkane) ASTM D 3307 Type II Natural 
Copolymer (PFA) 
Ethylyene tetrafluoroethylene ASTM D 3159 TypeI Natural 


copolymer (ETFE) 


* A maximum of 196 by weight of additives or colorants, or both, is permissible. Colorants, if used, 
shall be identified in the manufacturer's specification. 

Clean reworked resins may be used, provided all mechanical property requirements are maintained. 
Only virgin PTFE resin may be used. 
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DESIGN CONSIDERATIONS 


Installed Cost Comparisons 


Specification of a corrosion-resistant piping system is a complex assignment, if for 
no other reason than the large number of available materials that vary both in cost 
and performance. The materials-selection phase usually yields a number of piping 
candidates that will perform adequately from a technical standpoint. Then a choice 
is made from the candidates on an economic basis. Three types of cost comparisons 
are common: 


Material cost 
Initial installed cost 


Long-term life-cycle cost. 


Many specifiers limit their economic analysis to materials costs only because 
they are relatively simple to estimate. Yet this approach poses a very real danger 
because it ignores what is often well over half of the true required investment for 
a piping system, that is, the in-place cost of the system, including fabrication and 
installation costs. 

Many types of corrosion-resistant piping have relatively high material costs 
because they are supplied from the manufacturer in the form of prefabricated 
components. This, however, makes these materials relatively less expensive to in- 
stall. Conversely, many piping systems with low material costs often require the 
additional expense of fabrication at the job site prior to installation. 

A widely used formatted study? presents a comparison of initial installed costs 
for a broad variety of corrosion-resistant piping systems. It provides the engineer 
with a screening tool to help narrow the field of candidates for a piping project so 
that a final detailed economic study can be made on the specific piping arrangement 
under consideration. Factors considered in the study are: type of piping used, 
material costs, complexity of the piping system, fabrication and erection techniques, 
and labor rates and productivity in installation. Table B12.3 summarizes the installed 
cost ratios from the most recent publication for a NPS 2 (DN 50) complex piping 
system. The report list cost ratios are for NPS 2, 4, and 6 (DN 50, 100, and 150) 
piping layouts for both straight-run and complex arrangements. 

A plastic-lined metallic piping system offers clear advantages over both metal and 
solid-plastic piping systems. Compared to a piping system consisting of corrosion- 
resistant metal, plastic-lined pipe provides equal or better resistance to chemical 
attack, depending on liner material. When comparing the installed cost of a flanged 
plastic-lined metallic piping system to a welded metallic piping system, the plastic 
lined system is often lower. See Table 12.3. This is especially true when comparing 
plastic-lined pipe to metal systems of higher alloy materials. 

Compared to a plastic system made from the same material as the plastic liner, 
plastic-lined pipe provides higher service capabilities as well as higher mechanical 
strength. Plastic-lined piping systems are also available in a wider range of line 
sizes, with a broader selection of fittings, when compared to solid thermoplastic or 
thermosetting systems. 

Plastic-lined pipe is not only used where chemical attack is a concern, it is also 
used where media contact with metal is detrimental, as in the case of ultra-pure 
chemicals and deionized water used in various processes in the electronics industry. 
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TABLE B12.3 


Installed cost ratio (carbon steel as 1.00) of plastic-lined piping and other selected piping 
materials. Cost ratios based on a shop-fabricated complex system NPS 2 (DN 50) and 400 ft 
(102 m). 


PIPING MATERIAL COST RATIOS 


PVC (sch 80) 


PTFE-lined FRP 


CPVC (sch 80) 


Monel (Sch 40) 


Alloy 20 (Sch 40) 


Carbon steel (Sch. 40) 


Nickel (Sch 10) 


304L S.S. (Sch. 10) 


Hastelloy C-276 (Sch 10) 


Rubber-lined steel (Sch 40) 


316L S.S. (Sch. 10) 


PTFE-lined 304L SS (Sch 10) 


304L S.S. (Sch. 40) 


Nickel (Sch 40) 


316L S.S. (Sch. 40) 


Titanium (Sch 10) 


Hastelloy C-276 (Sch 40) 


FRP/vinyl ester 


FRP/epoxy 


Hastelloy B (Sch 40) 


FRP/polyester 


Zirconium (Sch 10) 


Polypropylene lined steel (Sch 40) 


Saran lined steel (Sch 40) 


Zirconium (Sch 40) 


PVDF-lined steel (Sch 40) 
Alloy 20 (Sch. 10) 

Monel (Sch 10) 
Glass-lined steel (Sch 40) 
PVDF (Sch 80) 
PTFE-lined steel (Sch 40) 
Titanium (Sch 10) 
FEP-lined steel (Sch 40) 


Available Pipe Sizes 


Corrosion-resistant lined pipe is widely available in NPS 1 to 12 (DN 25 to 300), 
with larger diameters up to NPS 24 (DN 600) available, but with limited liner- 
material selections. Except as otherwise noted, this discussion will focus on sizes 
NPS 1 to 12 (DN 25 to 300). Straight sections of pipe are available as standard and 
custom-length pipe spools. Standard spool lengths are 20 ft (6m), with 40-ft (12m) 
sections available when flange minimization is desired. A complete selection of 
plastic-lined metal fittings is available to include elbows, tees, reducing tees, instru- 
ment tees, crosses, 45-degree laterals, concentric and eccentric reducers, reducing 
flanges, and blind flanges. For examples of lined-pipe and fittings, see Figs. B12.1 
and B12.2. 
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Metallurgy and Pressure 
Capabilities 


Plastic-lined pipe and fittings are avail- 
able in cast iron, ductile-iron and steel 
housings, and ANSI or ASME Class 125, 
150, and 300 ratings respectively. The 
pressure-temperature ratings for ASME b 
B16.5 Class 300 housings are down-rated 

to account for the safe-working pressure 

limit of the flared plastic. The pressure FIGURE B12.1 Small photo of lined pipe 
and temperature ratings for these hous- flanged end. (Courtesy of Crane Resistoflex) 
ings are as listed in Fig. B12.3. 

Plastic-lined piping systems are rated for ASME Class 150 service. ASME Class 
300 flanged systems are available, but they do not carry the true ASME Class 
300 rating. This is because the sealing pressure required to meet ASME Class 300 
requirements are beyond the mechanical capabilities of the plastic flared faces. 
Consult the manufacturer’s literature for pressure and temperature limitations. 


Temperature Limitation 


All plastic-lined piping systems have a minimum- and maximum-use temperature 
that must not be exceeded. These use-temperature limits are derived from the 
various resin manufacturer’s testing and are found in Table B12.4. These tempera- 
ture limitations are always well below the melt temperature of the liner material. 
In the cases of PTFE, PFA, and FEP, the maximum-use temperatures apply to 
virtually all chemicals. In fact only a few chemicals attack these plastics, namely, 
molten alkali metals, elemental fluorine, and chlorine trifluoride, all at high pressures 
and temperatures above 500°F (260°C). 


FIGURE B12.2 Concentric reducer, elbow, and tee. (Courtesy of Crane Resistoflex) 


In the case of all other plastic-lining materials, resin manufacturers have gathered 
test data that indicates above which temperature limit various chemicals will either 
swell, react with, or degrade the lining materials. These temperatures are referred to 
as rated temperatures for use with particular chemicals. Below these recommended 
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FIGURE B12.3 Working pressures for ASME Class 150 and 300 plastic-lined pipe and fitting. 
(Courtesy of Crane Resistoflex) 


limits, the chemical media will not swell, react with, or degrade the liner, and thus 
the liners can be safely specified for use. Just as there are high temperature limits, 
liners should not be used below the recommended minimum operating tempera- 
tures, as plastics can become brittle and be subject to mechanical rather than 
chemical failure. 

Where a plastic-lining material is rated for less than its overall maximum use 
temperature, the end user must make certain that the rated temperature will not 
be exceeded. These situations can occur as a result of upset conditions, unusual 
ambient conditions, and unplanned exothermic reactions. If the possibility exists 
that the rated temperature could be exceeded, the end user should specify a different 
plastic-liner material with a sufficiently high-temperature rating for that chemical 
service. 


TABLE B12.4 Temperature Specifications 


Material Temperature range, °F (°C) 
PTFE —20 to 500 (—29 to 260) 
PFA —20 to 500 (—29 to 260) 
FEP —20 to 300 (—29 to 149) 
ETFE —20 to 300 (—29 to 149) 
PVDF* —20 to 275 (—29 to 135) 
PP 0 to 225 (—18 to 107) 
PVDC 0 to 175 (—18 to 79) 


* Homopolymer and copolymer 
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Vacuum Capabilities 


Vacuum-rating capability in lined-piping products depends on liner thickness, liner- 
manufacturing process, and pipe-lining process. Typically, most manufacturer's NPS 
1 to 8 (DN 25 to 200) material is rated for full vacuum at the liner material's 
maximum-use temperature. The vacuum capability of different manufacturers NPS 
10 and 12 (DN150 and 300) lined piping varies from just-pressure service (no 
vacuum) to full vacuum capability. Since there is no industry standard for vacuum 
ratings, it is critical that the end-user consult the manufacturer's literature when 
considering lined pipe for vacuum service or services which may experience 
vacuum. 

An added precaution regarding vacuum ratings: Piping not rated or designed 
for vacuum service when installed in vacuum service can lead to liner collapse 
and failure. 

The unplanned or upset condition that induces vacuum can cause failure in 
nonvacuum-rated piping. Block valves, positive displacement pumps, unexpected 
rapid cooling, and other conditions can produce inadvertent vacuum conditions in 
process lines. The design engineer should decide if these scenarios are likely and 
select lined piping with the appropriate vacuum-handling capability. 


Dimensional Compatibility with Other Flanged Systems 


Finished lined pipe spools and fittings are measured from plastic-sealing face to 
plastic-sealing face. Plastic-lined fittings conform to the nominal overall length and 
center-to-face dimensions as specified in ASME B16.1, Standard for Cast Iron 
Flanges and Flanged Fittings; ASME B16.42 Standard for Ductile Iron Pipe Flanges 
and Flanged Fittings; or ASME B16.5 Standard for Flanges and Flanged Fittings. 
However, it is always a good idea to check with the manufacturer for the applicable 
dimensions, as some special shapes and systems may have other dimensions. 


Joining Techniques 


Traditionally, plastic-lined pipe, elbows, branched fittings, reducers, and instrument 
connections have the plastic liner flared over the flange in order to make connections 
that seal without exposing the metal housing to the service media. Sealing is accom- 
plished by flaring or molding the liner material out over the metal flange face to 
form a formed or flared in place gasket-sealing surface. See Figs. B12.1 and B122. 
The purpose of this design is to ensure that the service media contacts only the 
plastic and never the metal. Flanges conform to ASME Class 150 or Class 300 
ratings. For pipe spools and fabricated fittings, many types of flanges are available, 
including lap-joint rotating, slip-on, socket weld, welding neck, and threaded. In 
the case of a cast fitting, the flange is integral to the casting. The plastic-flared face 
serves as its own gasket and therefore a gasket is not required. When mating plastic- 
lined components to other nonlined components, such as carbon steel or alloy 
piping, fittings, valves, pumps, or vessels, it is recommended that a plastic spacer 
be used as a transition piece. See Fig. B12.4. However, flanged connections are a 
potential source of leaks, and new technologies now allow for their significant 
reductions. See the later section on Flange Reduction Techniques. 
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Permeation and Venting 


Permeation is the migration of small 
amounts of flow media through the liner 
wall, in the absence of cracks or continu- 
ous voids. It is the product of two func- 
tions: the diffusion between molecular 
chains, and solubility of the permeant in 
the polymer. If the permeant is as polar 
as the polymer, or has similar chemically 
functional groups, it will be more soluble 
in the polymer." All plastics are subject 
to permeation, with some plastics exhib- 
iting higher permeation rates than 
others." 

Permeation data relative to chemical 
handling are very limited because there 
is no universal laboratory protocol for 
measuring permeation that generates 
data applicable to all situations. Care 
must be exercised in extrapolating the 
thin-film data frequently found in the 
literature to the liners used in chemical- 
process equipment and piping." In gen- 
eral, all other things being equal, pres- 
sure and temperature predominantly 
will drive permeation from a process 
perspective, and liner thickness and 
polymer crystallinity from a material 
viewpoint. Insulation has been deter- 
mined to help decrease the thermal gra- 
dient across the liner and hence decrease 
the magnitude of permeation. 

ASTM F1545 requires components 
lined with PTFE, FEP, and PFA to be 
vented (venting is not required for other 
liner materials) to prevent permeant va- 
pors from collecting between the PTFE 
liner and the pipe housing. Depending 
on the manufacturer, venting is achieved 
by directing the permeant vapors to the 
pipe ends behind the plastic flare faces, 
and out at the flanges (Fig. B12.5), or 
out vent holes drilled through the pipe 
housing, back from the flanges. All 
PTFE-lined fittings regardless of manu- 
facturer contain vent holes in the hous- 
ing. Testing shows that both methods 
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Connections of plastic-lined pipe 


to other types of piping 
Plastic-lined pipe 
to flanged plastic pipe 
FULL FACE WASHER| FLANGED 
SPACER | PLASTIC PIPE 


FLAT FULL FACE 
GASKET 


SPECIAL RING 
GASKET 


NOTE: Extreme care must be used to avoid bending of plastic flange. 
A special ring gasket is required around the O.D. of the fiared plastic 
face of the plastic-lined pipe, 


Plastic-lined pipe to flanged 
metal pipe, valves, fittings and pumps 


FLAT RING GASKET—ÀA 


STANDARD RING SPACER 


NOTE: No flat gasket required if flange face is smooth and non- 
fragile. However, most alloy piping uses raised face flanges, and 
therefore, a gasket should be used. 


Plastic-lined pipe to Schedule 
10 alloy pipe with lap joint flange 


LAP JOINT 
2 ^^ FLANGE 


SCHEDULE 10 
ALLOY PIPE 


STANDARD RING SPACER 


FIGURE B12.4 Recommended installation of 
plastic-lined pipe to carbon-steel, alloy and non- 
metallic piping systems. (Courtesy of Crane Re- 
sistoflex) 


adequately vent permeant vapors in piping lined with PTFE. For piping that will 

be insulated, the vent hole or flange face must not be blocked. Vent extensions or 

vented flange covers are available for pipe and fittings that can be insulated. 
Another situation associated with permeation is the tendency of some permeants 
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Pipe-to-pipe connections Pipe-to-pipe reducing connections 
between different joint types 


With standard reducing spacer 


Connection of reinforced flared 


face to gasketed plastic-lined pipe 77 
i t rcd 
FL 3 
TSR 
d = 
RING SPACER ~H = m 
PERFORATED SPACER Ea 
DARAN STEEL LOCKING 
WT — COLLAR 
With taper reducing spacer 
Providing low-angle bend 
using tapered face spacer g saD sf 
REDUCING F 
fu FLANGE DA 
dq | = 
NS - = 
TAPER BORE Y Be 
H 3 REDUCING SPACER 


L APER SPACER 
With reducing filler flange 


NOTE: Avoid axial forces on this joint. Such forces will tend to push the 
spacer outward. Consider bent pipe for an alternative to tapered spacers 


REDUCING 
FILLER FLANGE SH STANDARD 


MEZ FLANGE 


ls Y 


PLANGE LZA S] 


FIGURE B12.4 (Continued) 


to form corrosive acids at the interface of the vent because of atmospheric humidity. 
These acids can attack the area where the vent is located. In systems where perme- 
ants are known to corrode the area of the vent location, vents located on the pipe 
housing can be fitted with a half-coupling with a replaceable sacrificial nipple. This 
nipple can be periodically replaced. 

All other things being equal, a thick liner will reduce the permeation rate when 
compared to a thin liner. Liner thickness varies by manufacturer, ranging from 
.100-in (2.5 mm) to .130-in (3.3mm) in NPS 1 (DN 25), to .200-in (5 mm) to .425- 
in (10.8 mm) in NPS 12 (DN 300). Table B12.5 lists the ranges of PTFE liner thickness 
that are available. Specific thickness data is shown in each manufacturer's literature. 
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Plastic-lined pipe to porcelain, 


glass or carbon pipe! Blanking one outlet of fitting 
SPECIAL RING SPACER BLIND FLANGE 
FE oF 
& es N EN 4 l 
R | 
FLAT RING 4 
GASKET BLIND SPACER 


In order to ensure that the special ring spacer supplied has the correct 
I.D., the I.D. of the porcelain, glass or carbon pipe should be specified 
on the order or inquiry. 


Plastic-lined pipe to glass Valve connections 
fiber-reinforced plastic (FRP) Plastic-lined pipe 
flanged fitting or pipe to butterfly valve 


SP RING a 
GASKET = 
p 


E 
His FLAT RING 
C] t GASKET : fa 
FULL FACI 
ULEN E TAPERED BORE RING SPACER 


NOTE: Extreme care must be used to avoid bending of FRP flange. 
Special spacer may be required. A special ring gasket is required around 
the O.D. of the flared plastic face of the plastic-lined pipe. 


FIGURE B12.4 (Continued) (Courtesy of Crane Resistoflex) 


Pressure Drop Calculations’? 


In order to calculate pressure drop through lined pipe, the variables of importance 
regarding the lined pipe are the true inside diameter and the friction factor. The 
true ID can usually be determined from the metal pipe and liner thickness data in 
the manufacturer's literature. The friction factor, which is necessary to calculate 
the pressure drop using the Darcy equation, can be obtained if the Reynolds 
number and roughness factors are known. Moody diagrams contain many curves 
for roughness factors. See Fig. B12.6. For lined pipe, use the curve labeled smooth 
pipes to arrive at the friction factor. It should be noted that flow rates in plastic- 
lined piping have been kept less than 12 ft/sec (3.7 m/sec), which in turn limit the 
pressure drop of the system. It has been also suggested to keep gas velocities in 
lined piping to less than 35 ft/sec (10.7 m/sec). Typical pressure-drop curves for 
PP, PVDF, and PTFE are shown in (Fig. B12.7). 


Abrasion Considerations 


In general, plastic-lined piping is not the first choice to solve problems associated 
with abrasion. Some slurries, however, due to their aggressive chemical nature, 
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FIGURE B12.5 Swaged pipe and PTFE venting collar 
system. (Courtesy of Crane Resistoflex) 


TABLE B12.5 Published PTFE-Liner Thickness 
Versus Pipe Size 


Pipe size PTFE-Liner thickness range 
NPS (DN) inches (mm) 


1 (25) 0.125 (3.2) — .138 (3.5) 


1.5 (40) 0.125 (3.2) — .150 (3.8) 


2 (50) 0.125 (3.2) — .160 (4.1) 


3 (80) 0.125 (3.2) — .185 (4.7) 


4 (100) 0.125 (3.2) — 187 (4.7) 


6 (150) 0.145 (3.7) — 275 (7.0) 


8 (200) 0.150 (3.8) — 0.315 (8.0) 


10 (250) 0.190 (4.8) — 0.325 (&2) 


12 (300) 0.200 (5.1) — 0.425 (10.8) 
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FIGURE B12.6 Friction factors for any type of commercial pipe. (Reprinted with permission from Crane 
Valve Group, Long Beach, Calif.) 
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FIGURE B12.7  Pressure-drop curves for PP, PVDF, and PTFE-lined pipe. (Courtesy of Crane Re- 
sistoflex). 


require lined pipe. In these cases, it is advisable to design the system so as to 
minimize the slurry velocity (less than 2 to 4 ft/sec or 0.6 to 1.2 m/s), and the 
number of changes in direction. Some have found that installing a tee in the place 
of a 90-degree elbow can minimize liner wear by having the material wear on itself. 
Other factors such as solids loading, particulate size, and particulate hardness also 
determine the amount of abrasion that will result from piping a slurry. Since 
slurries can erode the plastic liner to the point of failure, and the time required to 
do so depends on many variables, there is no accurate way to predict lined-pipe 
service life in a slurry situation. If practical, it is advisable to install a test piece 
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in the actual service to determine if lined pipe will be suitable in a given slurry 
service. 


Nonstandard Fittings Configurations 


When faced with the need for a plastic-lined component that does not conform to 
ASME B16.5, B16.42, or B16.1 dimensional requirements, the end user should 
consider rotationally lined piping products. Components can be rotationally lined 
with ETFE or polypropylene. 

Rotational lining is a process that is not dependent on the fitting or component 
geometry for a satisfactory lining job. Therefore, an unlimited number of custom 
fittings, such as two-and three-branch instrument tees, manifolds, reducing elbows, 
branch elbows, and other complex configurations can be lined with a thick seamless, 
mechanically bonded liner. See Fig. B12.8. 


FIGURE B12.8 Rotationally lined custom fittings. (Courtesy of 
Crane Resistoflex) 


Powder resin is placed inside the housing, and the flanges are capped with special 
tooling. The housing is bolted to a spindle that rotates on two axes simultaneously. 
The spindle rotates in an oven that is heated to the resin's melt temperature, and 
the resin coats the interior evenly. After the fitting is allowed to cool, the tooling 
is removed, the flares finished, and the components are hydrostatically or electrostat- 
ically tested. 
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Underground Installations 


Direct burial of unprotected plastic-lined steel pipe is not recommended without 
additional surface preparation. Various systems are available for this purpose, 
including tar coating and wrapping with a pressure-sensitive PVC tape. The tape 
should be wrapped with at least a ¥%-in (12.7 mm) overlay down and back the length 
of the pipe. 

The user should recognize that all manufacturers of flanged plastic-lined piping 
systems recommend that the flange bolts be checked for tightness on an annual 
basis. Consequently, for obvious reasons, this is difficult to do if the pipe is buried. 
However, the flangeless technology option as described later in this chapter does 
allow for plastic-lined pipe to be considered for burial because of the virtual elimina- 
tion of flanged connections. 

If the pipe is to be buried, proper trench preparation is a must. This is to include 
depth, width, foundation, bedding, backfill, and earth cover. Backfill should only 
be done with clean sand containing no rocks or foreign material that could point 
load onto the pipe surface. Refer to ASTM D2321 for typical guidelines. 


INSTALLATION AND MAINTENANCE PRACTICES 


Shipping and Handling 


Plastic-lined pipe and fittings are shipped with protective end covers made of wood 
or plastic and are designed to prevent damage to the plastic flared faces. The covers 
should be left on the pipe and fittings until just before installation time. Plastic 
caps are also used on plain (not flanged) pipe that is to be fabricated in the field. 
When moving pipe and fittings with a forklift, never put the forks inside a pipe or 
fitting, as permanent damage to the plastic liner will likely occur. Either secure the 
fittings to a pallet, or use a sling arrangement to move lined piping products with 
a forklift. 


Installation 


The installation of plastic-lined pipe is similar to that of flanged carbon-steel pipe, 
but some special precautions must be employed./?/9" The flared plastic ends must 
be protected until the pipe or fitting is installed. 


Bolt Torques. Bolts should be tightened to the manufacturer's published recom- 
mended torque values. If lubricants other than those listed by the manufacturer 
are to be used, a new torque value should be determined or calculated. Lubricants 
such as copper-based antiseize and nickel-based never-seize have nut factors? similar 
to that of fluoropolymer-coated bolts. Bolting or stud material should be ASTM 
A193 Grade B7, and nuts should be ASTM A194 Grade 2H. The reason for this 
is that it is possible to have bolt stress in the 50—70,000-psi (345—483,000 kPa) range 
which can be above the yield strength of low-and medium-grade bolting materials. 
The bolt must be able to stretch in its elastic zone in order to properly function at 
the flanged connection. If a bolt stress exceeds the material yield strength, the bolt 
will be deformed and result in decreased load being applied to the plastic gasket 
surface. A calibrated torque wrench should be used to avoid excess torque, which 


PLASTIC-LINED PIPING FOR CORROSION RESISTANCE B.555 


can also permanently damage the plastic flare faces. Bolt threads should be clean 
and lubricated. Bolting should be tightened in a star pattern to ensure even tightening 
of the flanges. When the initial torque value has been reached for all bolts on the 
flange connection, continue tightening, using the star pattern, until the bolt torques 
are at 80 percent of maximum torque value recommended by the manufacturer. 
After the first thermal cycle, all bolts should be checked and retorqued if necessary. 
This practice should also be followed on an annual basis and more frequently if 
the process has frequent thermal cycle swings. Fluoropolymer-coated bolts and nuts 
are typically used with PTFE-lined stainless-steel piping as many stainless-steel 
bolting materials are of low- to medium-strength quality. 


Gaskets and Spacers. Gaskets are not required for connections of lined pipe to 
other lined pipe, because the plastic liner is flared out over the face of the flange 
and serves as its own gasket. Gaskets are recommended, however, when bolting 
lined pipe up to an unlined raised-face flange or glass-lined or graphite equipment. 
(Please note that the gasket material must be compatible with the service media.) 
Again, the emphasis is on protecting the plastic flare face. Special gaskets or spacers 
may be required when bolting up to dissimilar materials. See Fig. B12.4. 


Shop and Field Fabrication. | Plastic-lined pipe can be fabricated either in the shop 
or in the field. Shop fabrication, being the most economical method, is recommended 
when equipment arrangement is firm and detailed piping drawings are available. 
In the shop, pipe is cut to exact length, flanges are attached, and the liner ends 
molded or flared. Each item can be piece marked to conform to piping drawings 
that show the location of each piece for field identification. 

Field fabrication should be used when equipment locations and piping lengths 
may not be firm at the time the pipe is purchased. Procedures for field flaring are 
specified by each manufacturer. 

A compromise is available that allows shop fabrication when equipment arrange- 
ment is not firm. The line is completely fabricated in the shop, with the exception 
of the closure piece, which is supplied for field fabrication to exact length. 


Support Requirements. The following are additional items that need to be consid- 
ered when installing plastic-lined piping: 


* Hanger spacing for plastic-lined piping is essentially the same as recommended 
for carbon steel piping. 


* Special attention should be given to the steel wall thickness (Schedule 40, 30, or 
20) because this variable will determine the free span. 


* Supports such as spring-loaded hangers, clevis-type hangers with adjustable rods, 
guided support shoes, adjustable pipe stanchions, and pipe-roll support may be 
considered and should allow freedom of movement resulting from temperature 
changes. 


* [n addition, for plastic-lined pipe, it is recommended that each spool be supported 
near the flange connection for maximum protection against excessive deflection. 


* Additional support is recommended where flow changes direction and in areas 
of high load concentrations such as clusters of valves or fittings. 


Thermal Expansion and Contraction. Consideration for thermal expansion must 
be given to the system and allowances made for expansion and contraction. Where 
deemed necessary by the engineer or designer, a stress analysis should be done in 
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order to avoid overstressing of piping, fittings, and gasket faces.? Thermal expansion 
can be compensated for by using expansion loops or expansion joints. 


Welding. Never weld on plastic-lined pipe or use it as ground for electric welders, 
as the heat generated could severely damage the liner. Do not flame-cut plastic- 
lined pipe. 


Paint. Lined piping products are generally shipped with a protective primer on 
the external metallic housing, which is applied at the factory. In many cases, this 
primer is suitable for compatible topcoats, or it can be sandblasted off for application 
of paint by the end user. When sandblasting, the end caps protecting the molded 
or flared plastic face must not be removed, and sandblasting should be directed 
away from the these plastic pipe ends. If the pipe is to be vented with holes on the 
pipe or fitting housing, the vent holes must be cleared of any debris so that paint 
will not plug them. An alternative to the end user applying paint in the field is to 
have primer, midcoat, and final coat applied at the factory. Special paint capabilities 
vary by manufacturer due to local emissions limits on the volatile organic content 
of different paints. The end user should forward all available information regarding 
the paint, including the end user's internal paint specifications, paint data sheets, 
and paint-material-safety data sheets. Special paint application by lined pipe manu- 
facturers will generally result in an additional charge to the end user. 


Heat Tracing. Handling materials that have high freezing points or high viscosity 
often requires the use of a pipe tracing system. Four systems that have been success- 
fully used in tracing plastic-lined pipe are: 


* Hot water 

* Heat-transfer fluids such as Dowtherm 
* Electrical resistance 

* Steam 


Any heat-tracing system used with plastic-lined pipe must be applied in accor- 
dance with the manufacturer's written recommendation. 

Among the factors to be considered in the selection of tracing methods are the 
temperature rating of the plastic liner for the intended chemical, service, climate, 
length of heating season, temperature range to be maintained, length of tracer run, 
initial costs, operating costs, and need for future expansion 

Steam tracing of polypropylene-lined pipe is not recommended, because it re- 
quires much more care in design and maintenance. However, the tracing of PVDF, 
FEP, PFA, and PTFE-lined pipe with steam may be done successfully, keeping in 
mind the maximum temperature limitations for these liners. 

Tracing lined pipe with electrical heating tape has been successful in many 
applications, particularly those in which continuous heating is not needed. Such 
tracing is available in strip or cable form. In electrical tracing systems, it is especially 
important that the temperature-controller sensing device be placed in direct contact 
with the heating strip or cable to ensure that the maximum operating temperature 
of the pipe lining is not exceeded. As with the fluid tracing systems, flanges, fittings, 
valves, et cetera, should be protected from excessive heat losses. Refer to manufac- 
turer's literature for specific recommendations. 

As with both steam and electrical systems, it is important that standoff strips or 
heat transfer cement be used to prevent direct contact and hence hot spots on the 
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pipe. Some installers have found that taping electrical heat tape to the pipe with 
2-in-(50.8 mm) wide aluminum tape helps spread the heat. 

Hot water and heat-transfer fluids are generally preferred when there is a need 
for closer control of operating temperatures or to hold them within the temperature 
limitations of plastic liners. The choice of heat-transfer fluids will depend on the 
temperature range. 


Jacketed-Lined Pipe. Straight-pipe sections are also available with an exterior 
jacket made from pipe that is typically one size larger than the lined pipe. The 
jacket is contained with pipe caps the same size as the jacket that are bored out 
to fit the O.D. of the lined pipe. Inlet and outlet ports are generally half-couplings 
welded to the jacket. All jacket fabrication and welding on the pipe is done prior 
to lining of the pipe spool. The heating fluid can be water, steam, or heat transfer 
fluid. Fittings are generally not jacketed, but separate clamp-on jackets over the 
standard fitting housings are commercially available. 


Insulation. The techniques used in insulating steel pipe can also be used with 
plastic-lined steel pipe. But, care should be exercised to ensure the integrity of the 
venting system. For PTFE lined pipe and fittings that are vented via small vent 
holes, the end-user must specify that vent couplings be welded over the vent holes 
prior to lining. The end-user then threads a pipe nipple into the vent coupling. The 
nipple must be long enough to extend beyond the insulation to prevent the blockage 
of the venting system. 


Grounding. Grounding of piping systems is required if a possibility exists for 
spark generation through the buildup of a static electrical charge.” This typically 
occurs when nonconductive fluids such as xylene, toluene, or hexane are piped in 
plastic-lined piping. Although metallic or alloy systems may be better suited for 
this kind of fluid, lined pipe is selected if product purity is of concern or the process 
fluid has intermittent corrosive contaminants present. Several techniques are used 
by the chemical process industry to ensure that adequate grounding is achieved. 
First, it is important toassure that the metallic pipe shell is properly grounded. Two 
techniques are used to assure continuity to a ground connection. One is to carefully 
weld stud bolts to the pipe shell and electrically connect separate spools with 
braided-wire cable. The other is simply to use the flange bolts as an electrical 
connection?! These two techniques simply ensure that a path to ground is assured. 
However, the process fluid that has potential to build a static charge is on the inside 
of the piping, and therefore any charge buildup here must be dissipated. This is 
typically accomplished by inserting a grounding paddle (exotic metal such as 
hastelloy or tantalum) between flange connections. The handle of the paddle is 
then connected via a braided cable to the grounded pipe shell such that bleedoff 
of any internally generated charges can occur. Some European manufacturers offer 
carbon-filled PTFE-lined piping systems in which the liner resistivity is such that 
electrical charge dissipation can occur through the liner to the grounded steel shell. 
Ultimately, the design of the exterior/interior grounding system is the responsibility 
of the end-user. 


Corrosion Allowance 


Metals generally corrode due to electrochemical reactions, which gradually return 
the metal from a higher energy level (alloy) to a lower energy level (element or 
ore). In most cases this ongoing process can only be slowed by specifying a metal 
wall thickness that will deliver a predictable length of useful service life. 
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Plastics on the other hand, do not corrode. Instead, they are susceptible to attack 
from solvation, where the media reacts with the plastic, causing swelling or cracking, 
and failure. A plastic is either completely resistant to a chemical at a given tempera- 
ture, or it will react with a chemical at, or above, a certain temperature. This process 
is usually rapid but can be avoided by following lined-pipe manufacturer's guidelines 
for their various liner material's resistance to different chemicals. When these 
guidelines are followed, and the system is installed and maintained in accordance 
with the manufacturer's guidelines, a plastic-lined piping system will provide a long, 
reliable service life. 


Field Hydrotest 


Test the integrity of the installation per the applicable section of ASME B31 Piping 
Code, using a hydrostatic test. Sometimes it is more practical to hydrotest in sections, 
using spectacle blind flanges to block off portions of the piping. If a flange leak 
occurs during hydrotest, and that flange has been properly torqued, do not tighten 
further. Instead, the bolts on the opposite side of the leak should be loosened one- 
half turn, and the bolts on the leaking side should be tightened one-half turn. 

If the leak continues, remove the bolts and inspect the flare faces for indications 
of damage. Do not remove the bolts if the system temperature is more than 30°F 
(17°C) above ambient temperature, or flare distortion may occur. Slight scratches 
or dents that do not exceed 20 percent of the liner thickness can be repaired by 
hand with sandpaper or emery cloth. Repeat the torquing process to 80 percent of 
final torque. If necessary, the bolts can be tightened to the maximum torque pub- 
lished in the manufacturer's literature. Exceeding this torque, however, may cause 
permanent damage to the plastic flare faces. Because of the nature of plastic-lined 
piping, it should not be assumed that the first hydrotest will always be successful. 
Installers and users should be prepared for the possible additional time and expense 
of retorquing that may be necessary for a successful hydrotest. 


Maintenance Considerations 


Maintenance requirements vary by application. A system that sees mostly ambient 
temperature may require little maintenance, such as a periodic spot check of bolt 
torques. A system that undergoes frequent thermal cycles may require a preventive 
maintenance program that entails a higher frequency of spot checks. 


Field Fabrication of Lined Pipe 


Field fabrication of pipe spools allows end users and authorized lined-pipe distribu- 
tors to fabricate lined-pipe spools locally, a factor which expedites turnaround times 
when compared to factory-made finished pipe spools. Straight pieces of lined pipe 
without flanges are stored at the end user's or distributor's shop until a requirement 
for a pipe spool arises. 

Using special field-fabrication tooling supplied by the manufacturer, the end 
user or distributor can fabricate custom-length flanged pipe spools. The tooling and 
procedures are not interchangeable for use on products from different manufactur- 
ers. Flange options for field-fabricated pipe spools vary by manufacturer. Consult 
manufacturers for field fabrication instructions. 
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FLANGE REDUCTION TECHNIQUES 


Flanged connections have long been recognized as a potential leak source, and new 
technologies now allow for their significant reductions. This has been brought about 
in part by the realization that flanged connections are a significant contributor to 
fugitive emissions, which are regulated by the 1990 Clean Air Act amendments. 
Among these is a new butt-fusion—welded flangeless connection of the plastic 
liner,” extra long lengths of pipe spools up to 40 ft (12 m), and single and multiple 
bent pipe spools.”™ See Fig. B12.9. 

A new and patented flangeless joining technique was formally introduced in 
1995, which can virtually eliminate over 90 percent of the flange connections of a 
plastic-lined piping system. As a base, it utilizes the well known technology of butt- 
fusion-welding that is widely used by the solid-plastic pipe industry. In order to 
provide overall mechanical continuity, a low-profile steel mechanical coupling is 


me 


FIGURE B12.9 Illustration showing the flange-reduction possibilities of precision-bent plastic- 
lined pipe as compared with traditional flanged piping (Courtesy of Crane Resistoflex). 
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Plastic Liner Pipe Shett 


FIGURE B12.10 Sectioned view of a butt-fusion-welded polypropylene plastic liner connected 
with a mechanical coupling. (Courtesy of Crane Resistoflex) 


engaged over the butt-fusion weld. See Fig B12.10. Other couplings and devices 
are available, but the user should determine which meet the code requirements of 
the applicable section of ASME B31, Pressure Piping Code. 

The process is accomplished by butt-fusion welding two adjacent plastic-liner 
stub ends together to form a strong, leak-free joint. A special low-profile mechanical 
coupling is then installed over the welded connection to add structural integrity 
that is equivalent to a welded system. Coupling installation is accomplished with a 
hydraulic tool designed to seat the two swage rings positioned over the coupling 
sleeve. This technology allows the user to eliminate almost all flange connections 
for carbon-steel piping lined with polypropylene, polyvinylidene fluoride, perfluor- 
oalkoxy and PTFE. A PFA- and PTFE-lined stainless steel option is available. 
Fittings are a low-profile construction with longer centerline to face dimensions so 
that the mechanical coupling can be slipped over the butt-fusion-welded joint prior 
to locking the coupling into place. Although the purchase price of the flangeless 
system may be initially more expensive, the user should look at the total life-cycle 
cost before making a final piping selection.” 

The standard spool length for the plastic-lined pipe industry is 20 ft (6 m). 
Customers that now wish to further reduce the number of flange connections can 
also purchase 40 ft-(12m) long spools in NPS 1.5 (DN 40) through NPS 6 (DN 150) 
pipe sizes. These spools are an excellent complement when the flangeless system 
is being installed. 

Lined pipe manufacturers also offer bent-lined-piping systems that can eliminate 
50 to 70 percent of flange connections in a 20 ft-(6m) piping run with straight 
sections and elbows. Bends are done on a 3D pipe diameter bend radius to prevent 
collapse of the plastic liner. Available sizes are NPS 1 to 4 (DN 25 to 100) in both 
carbon-steel and stainless-steel pipe housings. Bent-pipe systems conform to the 
same ASTM F1545 testing requirements as conventional lined pipe. Although bent- 
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pipe spools offer many obvious advantages, they require special manufacturing 
techniques and are generally made at the factory. Replacement spools are seldom 
stored on site and do require extra lead time for delivery. Consequently, it is a 
good idea to have a stock of replacement fittings nearby if an emergency replacement 
is required. Bent pipe can either be flanged or flangeless. 


Modified Flange Connections 


Where flange connections are necessary, there is a modified leakless flange connec- 
tion that utilizes a dual-sealing action. The dual-sealing action is achieved through 
the use of belleville washers located behind the plastic flare and secondary sealing 
rings, also known as load bearing rings See Fig B12.11. When the user tightens the 
flange bolts, the belleville washers deflect enough to impart the necessary sealing 
pressure on the PTFE flare faces. Due to the interaction of the load-bearing ring 
and the belleville washers, the sealing pressure is optimized and not exceeded, even 
though this system calls for almost quadruple the bolt torque values of a standard 
lined-pipe connection. The result is a leakproof flange connection that allows practi- 
cally zero emissions and is Factory Mutual Approved. 


APPLICABLE INDUSTRY STANDARDS 


Requirements for the materials, workmanship, dimensions, design, fabrication, 
working pressures and temperatures, test methods, qualification requirements, and 
markings are set forth in ASTM F 1545. This is the specification for metal pipe 
and fittings lined with PTFE, PFA, FEP, ETFE, PVDF, PVDC, and PP. ASTM 
F 1545 is the consolidation of the following six separate (but related) specifications: 


ASTM F 423 Standard Specification for Polytetrafluoroethylene (PTFE) Plastic- 
Lined Ferrous Metal Pipe, Fittings and Flanges 
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ASTM F 491 Standard Specification for Poly (Vinylidene Fluoride) (PVDF) 
Plastic-Lined Ferrous Metal Pipe and Fittings 


ASTM F 492 Standard Specification for Propylene and Polypropylene (PP) 
Plastic-Lined Ferrous Metal Pipe and Fittings 


ASTM F 546 Standard Specification for Perfluoro (Ethylene-Propylene) Copoly- 
mer (FEP) Plastic-Lined Ferrous Metal Pipe and Fittings 


ASTM F 599 Standard Specification for Poly (Vinylidene Chloride) (PVDC) 
Plastic-Lined Ferrous Metal Pipe and Fittings 


ASTM F 781 Standard Specification for Perfluoro (Alkoxyalkane) Copolymer 
(PFA) Plastic-Lined Ferrous Metal Pipe and Fittings 


ASTM F 1545 lists requirements for materials of construction, qualification 


testing, and inspection requirements for plastic-lined piping as follows: 


ASTM F1545 Requirements for Plastic-Lining Materials 


Plastic-lining materials shall be made from a resin that conforms to the appropriate 


specifications as shown in Table B12.2. 


ASTM F1545 Requirements for Lining-Material Mechanical Properties 


For liner materials, the minimum tensile strength and minimum elongation at 
break when tested in accordance with the specifications shown in Table B12.2 shall 
conform to Table B12.6. Note that these are minimum requirements. Lined-piping 
manufacturers use various formulations of resins that may exceed the minimum 


values shown. 


TABLE B12.6 Polymer Mechanical Properties 


Minimum tensile Minimum 
strength at break, elongation 
Lining material—resin type psi (MPa) at break, 96 
Polypropylene (PP) Type I 4000 (27.6)* 10* 
Polypropylene (PP) Type II 3000 (20.7)* 10* 
Polypropylene (PP) 3096 Glass Filled 2500 (17.3)* 2* 
Poly (vinylidene chloride) (PVDC) 1500 (10.3)* 2* 
Poly (vinylidene fluoride (PVDF) 4500 (31.0) 10 
Poly (vinylidene fluoride) copolymer (PVDF) 4000 (27.6) 300 
Polytetrafluoroethylene (PTFE) 3000 (20.7) 250 
Perfluoro (ethylene-propylene) Copolymer (FEP) 3000 (20.7) 250 
Perfluoro (alkoxyalkane) copolymer (PFA) 3800 (26.2) 300 
Ethylyene tetrafluoroethylene copolymer (ETFE) 6500 (44.8) 275 


* Minimum tensile strength and elongation at yield. 
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TABLE B12.7 Approved Ferrous-Metal Flange and Fitting Material Standards (ASTM) 


Pipe Flange Fitting 
Lining material specifications ^ specifications specifications 

PVDF, PTFE, FEP, ETFE, and PFA A53 A105 A105 
A106 A181 A181 

A135 A182 A182 

A312 A216 A216 

A513 A395 A234 

A587 A536 A351 

A395 

A403 

A536 (60-40-18) 

PP and PVDC A53 A105 A48 
A106 A181 A105 

A135 A182 A126 

A312 A216 A181 

A513 A395 A182 

A587 A536 A216 

A234 

A278 

A351 

A395 

A403 

A536 


ASTM F1545 Requirements for Ferrous-Metal Pipes, 
Flanges, and Fittings Materials 


The mechanical properties of the ferrous metal pipes, flanges, and fittings shall 
conform to the appropriate specifications listed in Table B12.7, except as they are 
influenced by accepted methods of processing in the industry (for example, Van 
Stone flaring, bending, swaging, welding, and threading). 


ASTM F1545 Requirements for Inspection Testing 


ASTM F1545 provides for a final proof test of finished components prior to shipping. 
Each pipe spool and fitting, prior to shipment, shall be either hydrostatically or 
electrostatically tested in accordance with the following: 


Hydrostatic Test. The internal test pressure shall be 425 psig (2930 kPa) for Class 
150 and Class 300 components. Reach full test pressure within one minute and hold 
for a total of three minutes. Observe the pressure gage throughout the test for 
evidence of leakage, which shall be cause for rejection. 


Electrostatic Test. Conduct the test with a nondestructive high-voltage tester at 
a minimum output voltage of 10 kV. A visible or audible spark, or both, that occurs 
at the probe when electrical contact is made with the housing because of a defect 
in the liner shall be cause for rejection. 


B.564 GENERIC DESIGN CONSIDERATIONS 


TABLE B12.8 Test Temperatures, °F (°C) 


PTFE PFA FEP ETFE PVDF PP PVDC 


500 + 5 500 + 5 300 + 5 300 + 5 275 € 5 25-5 175-5 
(260-3) (260-3) (149-3) (149-3) (135-3) (107-3) (79-3) 


ASTM F1545 Requirements for Qualification Testing 


ASTM F1545 also requires each lined-pipe manufacturer to perform qualification 
testing on representative pipe and fittings in each liner material being offered for 
sale. This is not meant to be an inspection test for customer orders but a verification 
that the methods and materials used by each manufacturer will result in a product 
that is capable of satisfactory performance in conditions found in a chemical plant 
environment. The representative pieces must pass the hydrostatic or electrostatic 
test following each of the tests in order to be in compliance with the specification 
for specific test designs. Refer to ASTM F1545. 


High and Low-Temperature Aging Test. This test is to determine the ability of 
the lined components to withstand extended exposure to the liner material's maxi- 
mum and minimum temperature. Test temperatures for the high-temperature test 
are shown in Table B12.8, and the low-test temperature is 0?F (—18°C). 


Steam-Cold- Water Cycling Test. This test is to determine the lined components 
ability to withstand rapid, repeated, and extreme temperature cycling. A representa- 
tive pipe spool is blind flanged and then filled with steam at the pressure listed in 
Table B12.9. When the temperature stabilizes, the steam is shut off, and the pipe 
spool is filled with ambient water until the outside metal temperature reaches 122°F 
(50°C). This procedure is repeated for 100 cycles. At the completion of the test, 
the liner shall exhibit no buckling or cracking. 


Vacuum Testing. ASTM 1545 does not require that lined-pipe manufacturers 
offer vacuum-rated piping products, but if manufacturers make claims of vacuum- 
handling capability, they must perform vacuum testing per ASTM F1545. 

The above qualification tests, again, are not production-inspection tests but are 
designed to establish baseline levels of quality and performance for products that 
are regularly installed in the most demanding chemical services. Reputable plastic- 
lined piping manufacturers will provide certificates of compliance to ASTM F 1545 
upon request. 


TABLE B12.9 Steam Test Pressures, psig (kPa) 


PTFE PFA FEP ETFE PVDF PP PVDC 


125 + 5 125 +5 50 +3 50 +3 30 +2 4+1 * 
(862 + 35) (862 +35) (345 +21) (845-21) (207 +15) (28 +7) * 


* The thermocycling test for PVDC-lined pipe and fittings should be run using water at 175 + 5°F (79 
+ 3°C) 
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PROJECT SPECIFICATIONS 


A piping specification is used by the process engineer to develop piping and instru- 
mentation drawings by the designer to lay out the piping run and product-detailed 
drawings by the purchasing agent for procurement and by the field engineer to 
ensure proper installation? Thus the specification must include: the maximum 
pressure and temperature ratings; a list of flow media; the complete description of 
pipe, fittings, valves-and other piping items; and installation details. To be certain 
that a complete specification is achieved, the following procedure has proven useful: 


1. The process engineer specifies maximum operating pressure and temperature 
and the flow media. An initial piping index can be useful in supplying this informa- 
tion. At this point it is necessary to ascertain that all possible media are included, that 
the operating conditions (pressure, temperature, and vacuum) are not minimized or 
exaggerated, and that the size range is all inclusive and accurate. 


2. Completely describe all pipe and components. Reference the applicable 
ASTM standards to which all material and tests must conform. Include the size 
range required. Note the limitations of individual components—e.g., does a valve, 
hose, expansion joint, or sight glass have a pressure or temperature rating lower 
than that of the specification? 


3. To assist the designer in laying out the pipe and in preparing detailed drawings, 
provide information giving the maximum and minimum lengths available, the meth- 
ods of making branch connections, and the connections to dissimilar piping materi- 
als. Include instructions regarding the use of reducing tees, instrument tees, gaskets, 
and spacers. 


Most frequently, piping components fail because their design capabilities have 
been exceeded. Know what is required of the components you specify and do 
not expect more from them than what they have been designed for. Reliable 
manufacturers of plastic-lined piping will not recommend the use of their products 
for services and conditions not previously tested. 


INSPECTION AND SERVICE LIFE ANALYSIS 


Currently there is an increased interest and more activity focused on improving 
existing mechanical-integrity standards that will continue to improve the overall 
mechanical integrity of process piping in the process industry.” The objective here 
is to eliminate piping and equipment-related incidents caused by leaks and failures 
that result in unscheduled maintenance, downtime, and asset losses. This can be 
approached by analysis of existing piping systems, the historical-type failure modes, 
and the expected service life. A repeat pattern of failures or a prioritized listing can 
help the maintenance department implement a plan for reduction and elimination 
of reccurring patterns. A key to any good maintenance program is the proper 
documentation of when a piping system was installed and any maintenance replace- 
ments that may have occurred. This is particularly important in today's mobile 
employment environment, as the personnel that originally installed the piping may 
not be at the same location several years into the future. 

Plastic-lined piping also does not lend itself to traditional methods of inspection 
common in metal or alloy systems. The difficulties lie with lined pipe itself, as there 
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is no corrosion rate basis that can be applied, such as a steady loss of thickness, 
until failure occurs. Rather, the action of the corrosive, if it has any effect, will 
alter the structure of the plastic at varying rates. When such changes in properties 
occur, this can lead to the eventual mechanical failure of the plastic liner. The 
determinant of suitability then becomes the rate at which the property changes 
occur. Performance variability is due to the type of plastic used, grade, quality, 
manufacturing process, and the service condition. 

The following procedures have been employed to minimize and identify pip- 
ing problems: 


1. Ultrasonic techniques have proven useful in locating liner collapse. Decreased 
flow or pressure drop may also preclude liner collapse due to vacuum or perme- 
ation. 


2. Visual inspection is a time-tested method. 

3. Excessive external corrosion or that around a vent port on fluoropolymer-lined 
piping may indicate a liner leak. 

4. Destructive testing of spools taken from service of known length of time in a 
documented environment. 


5. Excessive loading due to thermal stresses may result in flange leaks. Make sure 
that the piping has been properly supported. The Manufacturers Standardization 
Society (MSS) Standard Practice SP-69, Pipe Hangers and Supports-Selection 
and Application, provides good references for supports and hangers. 


6. Excessive fluid loading such as water hammer or the thermal expansion of 
hydraulically full piping can cause liner failure. Other loads can be in the form 
of rapid decreases in temperature via the introduction of a liquified gas. 


7. Infrared can be used in locating leaks if corrosion and or oxidation reactions 
are taking place. Inspection must be done at night, and the capabilities are 
dependent on the degree of access to the piping system. 


For particularly aggressive chemical services, it may be advisable to install several 
test spools that can be removed at predetermined time intervals to ascertain the 
overall pipe condition. The user may elect to re-install them or perform destructive 
tests for determination of liner properties. Current practices vary from company 
to company and site to site. Issues of internal versus external inspection can depend 
on the severity of service. Generally the approach is to replace it when it fails. 

Plastic-lined piping is a durable product, but it should be recognized that it does 
not last forever. Although, cases have been reported where service life has exceeded 
25 years, 10 to 15 years is typical, particularly in aggressive services. However 
this range can be decreased with high-temperature operation or high numbers of 
thermal cycles. 


AUXILIARY PRODUCTS 


There is a variety of auxiliary lined products compatible with lined pipe and fittings. 
These products include PTFE-lined hose, PTFE expansion joints, lined valves, dip 
pipes and spargers, sight-flow indicators, and strainers. These items are offered by 
most lined-pipe manufacturers to supplement their standard lined-pipe offering. 
Other equipment such as lined pumps, vessels, valves, flowmeters, and other lined 
components are available from a wide variety of manufacturers, enabling the end 
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user to design and install a complete corrosion-resistant plastic-lined system with 
no metal-wetted parts. 
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INTRODUCTION 


History of Double Containment Piping 


Up until the 1970s, dual arrangements of piping systems utilizing a carrier pipe 
with a secondary piping providing containment for purposes of environmental 
protection or safety were limited to highly specialized applications. These involved 
rare applications in the nuclear, gas, or chemical processing industry, where highly 
toxic or lethal chemicals or fluids were transported. The use of an outer jacket to 
maintain a positive seal around a primary carrier piping system and protect the 
primary piping was rarely encountered. 

In the 1970s, several large U.S. electronics manufacturers began placing their 
underground, and in some cases aboveground, hazardous chemical piping systems 
piping within an outer jacket for the sole purpose of preventing leakages from 
getting into the ground water supply. Part of the reason for doing so was due to 
inadequate performance on the part of ordinary single-walled piping components 
intended to handle these chemicals. Leakages from joints, failures of piping materials 
due to poor manufacture or installation practices, inappropriate material selection, 
and soil corrosion were some of the contributing factors. Thus began the modern 
day practice of placing underground piping systems within a secondary containment 
piping system for the sole purpose of protecting the local environment. 
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Unfortunately, many of these early systems met with complications that resulted 
in less-than-successful performance. The first attempts at dual arrangements met 
with frequent failure. This was primarily due to systems being designed with combi- 
nations of piping components whose geometries were not readily compatible. Also, 
there were technical issues that arose that had not been addressed in the design. 
This had to do with structural concerns (supporting and centering the inner system), 
differential thermal expansion issues, penetration sealing issues, and many others. 
Additionally, many of these systems were installed with poor fabrication techniques, 
resulting in installations that lacked inherent stability and were thus readily subject 
to premature failure. The lack of design consideration and installation deficiencies 
resulted in failures that manifested themselves in predictable ways. These included 
the separation of split outer pipe and split outer fittings, coupled with failed inner 
welds, thereby leading to a double failure. Other means of failure included prema- 
ture failure of inner and outer pipes due to fatigue, excess strain, and many 
other reasons. 

In certain individual states of the United States of America, such as California, 
there was a movement toward implementing secondary containment piping systems 
in gasoline and petroleum stations. The first known application of this was a service 
station in Torrance, Calif., in 1981, under the watchful eye of local fire officials and 
other environmental officials. Soon thereafter, other gasoline stations throughout 
California were implementing double containment piping systems with integral 
leak detection. 

During this same time frame, the federal government of the United States was 
studying ways to protect against the failure of underground storage tanks and piping 
transportation systems. This resulted in revisions to the Resource Conservation 
and Recovery Act (RCRA) of 1976, which were enacted in 1984. Signed into law 
as the Hazardous and Solid Waste Amendments of 1984 (U.S. Public Law 98-616, 
signed Nov. 8, 1984), it extended and strengthened the Solid Waste Disposal Act, 
as originally amended by the Resource Conservation and Recovery Act of 1976. 
The amendments contained strict requirements and provisions for underground 
storage tank and piping systems. 

For systems containing a hazardous waste [hazardous according to the EPA as 
defined in the Code of Federal Regulations (CFR), Title 40, part 241], hazardous 
substance [also according to $40CFR261], or petroleum-based substance with 10 
percent or more of its volume underground (including piping), the regulations 
contained strict provisions. For hazardous waste the regulations [according to 
$40CFR264] required secondary containment and leak detection for all under- 
ground systems. They also required the same for aboveground systems unless they 
were visually inspected for leaks on a daily basis. For hazardous substance the 
regulations [according to $40CFR280] similarly required all undergound systems 
and aboveground systems not visually inspected on a daily basis to have secondary 
containment and leak detection as well. 

For petroleum substances, the regulations [according to $40CFR280] gave the 
user a choice of providing secondary containment with leak detection or to use 
corrosion-resistant materials with frequent monitoring and tightness testing (petro- 
leum-based products only). An alternative for petroleum piping applications in- 
volved the use of ordinary carbon steel (e.g., A-53 or A-106, Grade B) with some 
form of coating and cathodic protection added. In the case of the so-called hazardous 
chemicals, aboveground systems were regulated as well, unless the systems were 
to be inspected on a daily basis. The regulations applied to both new systems and 
existing systems. Existing systems were subjected to a retrofit requirement according 
to a time table, with the oldest systems being required to be replaced first. Thus, 


DOUBLE CONTAINMENT PIPING SYSTEM DESIGN B.571 


all existing systems in the United States installed prior to December 1988 were 
scheduled to be replaced within a 10-year time frame from the commencement of 
the regulations, by December 1998, if they were not already in compliance. It is 
important to note that there are many aspects to the U.S. regulations (e.g., minimum 
volume requirements, regulated substances, leak detection requirements and op- 
tions, etc.), and that the requirements and degree of enforcement vary according 
to each individual state. Other countries beyond the United States are currently 
considering the development of similar regulations and are expected eventually to 
adopt them by the early twenty-first century. 

The 1984 amendments passed in the United States provide a framework by which 
individual states, territories, and possessions of the United States are mandated to 
draft state legislation, with their laws being at least as stringent as the U.S. federal 
law. Enforcement is required at the individual state level, with the federal Environ- 
mental Protection Agency overseeing each state program. Prior to the federal laws 
being adopted in the United States, some of the individual states where ground 
water contamination has been a particularly bad problem have adopted similar 
laws, prior to the federal government requiring them to do so (e.g., California, New 
York, parts of Texas, and others). In certain parts of Europe and Canada, local, 
officials have in some cases required double containment piping for hazardous 
chemical systems on a limited basis. 


Overview of Double Containment Piping Systems 


To provide secondary containment for piping systems, there are design considera- 
tions to be considered that are beyond those that apply to tanks. Whether the 
system is a pressure transfer pipe or a drain, waste, and vent system will have a 
significant impact on the design, layout, material selection, wall thicknesses, leak 
detection method chosen, and other aspects to be considered. Additionally, a system 
may be a relatively straight piping run, it may consist primarily of fittings, or it may 
have parts that are both straight in sections and fitting intensive in others. Further, 
whether a system is intended for burial or whether it is intended for aboveground 
use also have a significant impact on its design. Space limitations are an important 
consideration as well. A piping system that is intended for tight pipe-rack work, 
or is to be located near other buried structures, will have different installation 
requirements and different requirements for material selection, wall thicknesses, 
pressure ratings, et cetera, in comparison to a system that does not have space con- 
straints. 

In terms of material selections for the inner and outer pipes, there are a number 
of factors that have an effect on what should be selected. For primary piping 
components, the chief consideration in making its material selection has to do with 
the ability of the material to withstand the corrosive effects of the inner fluid. The 
same basic techniques and criteria used for selecting materials for single-walled 
piping systems must be used for primary piping in a double containment system. 
However, the interaction of the inner and outer systems, how they are tied together; 
the preferred joining method, and how joining affects system installation; the com- 
patibility between the secondary system and its joining method, and how joining 
affects system installation; the compatibility between the secondary system and its 
joining methods all factor into the considerations for selecting the combination of 
materials to be used. 

For secondary containment piping components, the considerations for choosing 
the material to be used must include risk analysis. The risk analysis used must take 
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into account the anticipated frequency and duration that it is reasonably expected 
that the outer material may be in contact with the contained fluid. It also involves 
weighing the possibility of failure against the sensitivity of the external environment 
and the relative extent of damage that a double failure might cause. Since there 
may be only infrequent (or no) contact with the corrosive fluid in a properly designed 
system, and the time of contact once an event occurs may be short in duration, a 
less expensive material may be an appropriate choice for some applications. How- 
ever, for many applications the risk created by even the remotest chance of a 
double failure might be too great even to take a chance on using a less corrosion- 
resistant material. 

Leak detection in a double containment piping system usually consists of some 
means of monitoring the status of the annular space that exists in the system. 
Detection methods that are used typically measure the presence of a fluid or some 
change in physical state. Other methods can be used (i.e., flow measurement), but 
the most effective means is to monitor the status of the system's annular space to 
detect for a change from a status quo. 

The proper design of any piping system must include all the forms of analysis 
that are normally applied to single walled systems (e.g. stress analysis, structural 
analysis, burial analysis, etc). However, the design of double containment piping 
systems adds several new twists to the already complex nature of piping design. 
This includes such novel items as the fluid dynamic requirements for draining or 
flushing the annulus, or the added mechanical complexities that result from the 
interaction of the separate, interacting inner and outer piping systems. 

When one considers the interaction of an inner and outer pipe system, and the 
resulting stresses and reactions thereof, the analysis often becomes complex. In fact, 
most piping design stress computer codes are not capable of accurately modeling this 
situation. Structural analysis of double containment piping systems is also inherently 
complex, as one has to deal first with the structural supporting requirements of the 
inner system and then also deal with the support (or burial) of the complex assembly, 
which tends to be a more rigid assembly than a comparable single-walled pipe. In 
underground situations, for instance, the structural design for a combined system 
is governed by the burial situation, yet the structural design of the inner piping is 
according to aboveground single-wall pipe standards. In fact, the inner pipe can 
often be thought of as a single-walled pipe that is supported within a circular 
pipe rack. 

The most important individual principle to consider when designing double 
containment piping systems is that the basic principles of piping design remain 
unchanged. The systems must first be designed according to the ordinary rules, 
codes, and considerations of single-pipe design. Then all the complexities of one 
pipe system interacting within another must be considered as well. 

There are a vast number of material and system configurations to consider on 
any given project. However, this aspect of double containment piping may be viewed 
in a positive way. The vast number of choices presents a designer with an opportunity 
to provide a solution for every application. A suitable design can be achieved in every 
case. The final choice of material and system configuration usually is determined by 
price and code criteria, and to a certain extent, by personal preference. 

A complete double containment piping system is one that is engineered, designed, 
installed, started up, and operated successfully. To engineer a double containment 
piping system fully typically involves much more than simply procuring preengi- 
neered components. The term preengineered is a widely used marketing term that 
usually refers to products that are sold as prefabricated components, which are in 
some cases available in standard sizes and materials. This term is often misused, 
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as a surprising number of preengineered systems available from even the largest 
sources have been conceptualized and sold with little to no engineering having 
been performed on the system components. However, double containment piping 
systems by their nature usually have at least some unique requirements, necessitating 
a custom design to some extent. Thus designers must use good judgement when 
procuring preengineered components as part of their system. 

Any two combinations of materials can be effectively combined for a given 
double containment piping application. However, there are many aspects involved 
to make this possible. Materials must be properly selected for the given application. 
System components must be procured; it must be known early on in a project 
whether they are commercially available in the sizes and pressure ratings required. 
They must also be available in the time frame required by the project. A system 
must always be engineered with sufficient detail, giving consideration to all applica- 
ble factors. All regulations governed by the local jurisdiction and appropriate design 
code rules must be satisfied. Ultimately, whoever is to take responsibility for the 
design and operation of the facility must be satisfied that the design is a safe and 
workable solution. 


Overview of Leak Detection Systems 


While a double containment system can be designed without a leak detection or 
monitoring system, the effectiveness of a system is considerably lessened without 
it. There are many methods available to provide sensing of the annulus that exists 
between primary and secondary systems. These methods are divided into two basic 
categories: automatic sensing systems and nonautomatic sensing systems. 


Continuous Sensing Systems. Continuous sensing systems normally involve a sens- 
ing mechanism and an automatic alarm device. The most sophisticated form of 
sensing consists of continuous-line leak detection. Continuous-line leak detection 
is a technology designed to give relatively precise locating abilities for the determina- 
tion of the location of leaks. For piping systems, this is a very important feature, 
although it also adds significantly to the initial cost of a system. There are two types 
of technologies; conductive (resistance)-based systems and those that are based on 
the measurement of impedance, commonly referred to as TDR-based systems (TDR 
is a common abbreviation for time-domain reflectometry). Both technologies are 
effective, although there are subtle differences between the two. 

Other forms of continuous sensing are based on some form of point probes. 
These include liquid level sensing, pressure sensing, moisture sensing, pH sensing, 
conductivity (resistivity sensing), vapor detection, ultrasonic sensing, movement 
sensing, and many others. The various forms of sensing may also be combined for 
added effectiveness. The advantage of point probe systems is in the ability to 
customize the system, but an inherent disadvantage is the lack of ability to locate 
a leak with precision. 


Noncontinuous Sensing Systems. Noncontinuous leak-sensing systems consist of 
visual detection systems, manual detection, inventory monitoring (tanks), and soil 
and vapor monitoring. Soil and vapor monitoring may also be used on a continuous 
basis, although it is not very common to do so. Visual detection can be designed 
easily into aboveground systems, but for underground systems they must be placed 
in manholes or sumps. Two forms of underground visual monitoring are very 
inexpensive and can be facilitated readily by having the secondary system flow open 
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at the end of the pipe system, or by designing low point sumps with risers to the 
ground surface. Manual detection is normally facilitated by installing drip legs with 
valves in aboveground systems and with either low point sumps with risers to the 
ground surface in underground systems, or by positioning drip legs with valves in 
manholes. Manual systems can be a very cost effective and efficient method of leak 
detection and usually are a good idea to have as a backup or redundant method 
when other methods are employed. Inventory monitoring is a practical method for 
tank systems, but for piping systems it becomes more costly and complex, as a 
material balance must be performed. Noncontinuous systems are for the most part 
nonspecific in terms of locating leaks, unless a system is designed with very frequent 
locations for visual or manual monitoring. 


Applicable Design Codes 


Double containment piping systems must be designed, fabricated, inspected, and 
tested to applicable codes and regulations. Since by far, the majority of double 
containment piping systems are for drainage applications, plumbing codes play a 
particularly important role in double containment piping. Many nonpressure drain- 
age piping systems are governed by local and/or national plumbing codes. Examples 
of these are the UPC (Uniform Plumbing Code), which is written by IAPMO 
(International Association of Plumbing and Mechanical Officials) and endorsed 
by the PHCC (Plumbing-Heating-Cooling Contractors), and additionally the IPC 
(International Plumbing Code), which is written by BOCA and ICBO. The most 
important requirement that these plumbing codes cover pertains to the carrier pipe 
fittings. Typically they should be approved by the respective code, such as the UPC 
or the IPC, according to the authorities having local jurisdiction. 

Other nonpressure systems are often considered by local authorities having 
jurisdiction as process systems, and may thus be out of the jurisdiction of local 
plumbing codes. In many of these systems, there are no design standards that may 
govern the design. Thus it is up to the individual designer to use good judgment 
and to be sure that they at the very least meet or exceed applicable environmen- 
tal standards. 

In the United States and Canada, process piping systems are subject to the rules 
of the ANSI/ASME B31.3 Process Piping Code, including double containment 
piping systems. The ANSI/ASME B31.3 Code is a subset of the ANSI/ASME B31 
Pressure Piping Code, which is described in more detail in Section 1.5.6, Piping 
Design Codes. The ANSI/ASME B31.3 Code references various applicable product 
manufacturing standards, performance standards, and material specifications that 
are to be used as a part of a double containment piping system. The Code covers 
all the rules necessary to complete a double containment piping system. However, 
the ultimate responsibility of interpreting and applying the ANSI/ASME B31.3 
Code, in order to arrive at acompleted double containment piping system that is safe 
and reliable, rests with each individual owner or owner-appointed representative. 

In order for the ASME/ANSI B31.3 Code to apply to a double containment 
pipe system, most piping has to operate at a pressure of greater than 15 psi (1 bar), 
or contain a vacuum. However, the Code may still apply to a system having a 
positive internal pressure less than 15 psi (1 bar) if the fluid being conveyed meets 
certain requirements in terms of flammability or toxicity, which would apply to 
many chemicals commonly used in a double containment piping system. The ASME/ 
ANSI B31.3 Code does provide all the information a designer needs to know to 
design a double containment piping system. However, it is up to the individual 
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designer to interpret the Code as to how it instructs one to do so. There are no 
specific references to a double containment piping system or secondary containment 
piping component in the Code. There are specific references to the testing and 
inspection of outer jacketing, however. 

In Europe, the European Parliament has adopted the Pressure Equipment Direc- 
tive (PED) which will affect process piping and will go into effect on Nov. 29, 1999. 
The PED requires that piping systems comply with “essential safety requirements" 
as a function of the fluid service. One possible outcome presently being studied by 
the European Parliament and the ASME is to have piping systems meet these 
essential safety requirements by having piping systems comply with the ASME 
B31.3 Process Piping Code. Not enough is known at the time of this writing to 
determine the feasibility of whether the PED will ultimately reference the B31.3 
Code. 


DOUBLE CONTAINMENT PIPING COMPONENTS 


Straight Piping Sections 


Figure B13.1 illustrates required dimensional information needed for a typical layout 
for straight piping sections for both nonmetallic and metallic piping material-based 
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SIDE VIEW 


FIGURE B13.1 Typical layout details for a straight pipe section of double containment piping. 
(From “Handbook of Double Containment Piping Systems," C. Ziu, McGraw-Hill, New York, 1995.) 
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20 FOOT SPOOL WITH 2 END PLATES AND 3 INTERNAL SUPPORTS 


FIGURE B13.2 Example of factory prefabricated 20-ft lengths of piping showing support spacing 
based on 5-ft spacing between supports for piping intended for staggered joining (top) and simultane- 
ous joining (bottom). (Orion Fittings, Inc., Kansas City, KS) 


systems, as may be used, for instance, in portions of double walled piping system 
on any project, each unique section of straight piping should have all details clearly 
indicated, except for highly fitting intensive projects where only short lengths of 
straight pipe exist. 

Details that must be shown for a typical straight pipe section, or specified clearly, 
include: the materials of construction, with reference to the appropriate ASTM, 
DIN or AISI specifications; all inside and outside diameter sizes (including the 
annular space); wall thicknesses; applicable tolerances; location (spacing) and type 
of internal and external supports and leak detection cable (if applicable); and 
references to detail drawings of internal and external supports. A section of piping 
can be considered unique if any of these variables vary in any way. Both side and 
cross-sectional typical views should be shown. For intensive projects where separate 
spool drawings are to be prepared for each and every spool length of pipe, there 
is no need for typical straight pipe-section details on drawings. Figure B13.2, Fig. 
B13.3 and Fig. B13.4 show support-spacing options for various 20-ft, 10-ft and 5- 
ft sections of double containment piping. 
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10' SPOOL WITH 2 END PLATES AND ONE INTERNAL SUPPORT 


FIGURE B13.3 Example of factory prefabricated 10-ft lengths of piping show- 
ing support spacing based on 5-ft spacing between supports for piping intended 
for staggered joining (top) and simultaneous joining (bottom). (Orion Fittings, 
Inc., Kansas City, KS) 


DOUBLE CONTAINMENT PIPING SYSTEM DESIGN 


Termination and Initiation 
Component Design 


There are several options for 
terminating a double containment zone, 
thereby making a transition from double 
containment piping to ordinary single- 
wall piping. The most simple option is 
to keep the annulus open ended where 
it is permissible. For most applications, 
end closures are required. Examples of 
some typical end closures are provided 
in Figs. B13.5 through B13.8. 


Closure Rings and Insert Rings. One 
of the more common termination ar- 
rangements for metallic systems that has 
been used extensively in jacketed pipe 
applications is the closure ring. Closure 
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5’ SPOOL WITH 2 END PLATES 


FIGURE B13.4 Example of factory prefabri- 
cated 5-ft lengths of piping showing support 
spacing based on 5-ft spacing. (Orion Fittings, 
Inc., Kansas City, KS) 


rings also find application as a termina- 

tion device in double containment pip- 

ing systems. Examples of closure rings are provided in Figs. B13.9 and B13.10. A 
closure ring is a concept similar to the internal anchor-baffle (see Fig. B13.12 and Fig. 
B13.13), except that an internal anchor-baffle is welded to the inner and outer pipes 
on both sides; a closure ring is welded only on one side to the secondary containment 
piping. A closure ring may be used on thermoplastic piping, as it is weldable, 
although the resulting secondary containment pressure rating (pressure capability 
of the annulus) may be substantially less than that of the primary piping. A variation 
of the closure ring is an insert ring (collar), which may be used in systems that use 
solvent cementing (PVC, CPVC, ABS) or adhesive bonding (all RTRP materials). 


Anchoring Components and Methods for Primary Pipe 


It is occasionally necessary to restrain a piping system at a given point by securely 
anchoring it at that point. This may be for such reasons as controlling vibration; 
controlling, directing, and limiting the amount of thermal expansion in a pipe; and 
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FIGURE B13.5a Illustration of a simple machined or molded block-style rigid 
termination fitting. (U.S. Patent 14,930,544) 
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i SECTION Z-Z 


FIGURE B13.5b Illustration of a rigid termination fitting with con- 
tours, smooth radii, and external reinforcement to withstand concur- 
rent axial loads due to thermal expansion, radial differential thermal 
expansion, vibration and dead weight testing. (U.S. Patent $5,141,251, 
additional pages pending; Orion Fittings, Inc., from C. Ziu, "Handbook 
of Double Containment Piping Systems," McGraw-Hill, 1995.) 


other reasons. Since it is required in single-walled piping practice, anchoring is thus 
required for primary piping in double containment piping for the same reasons for 
its use in single-walled piping. 


External-Anchoring Components and Methods. A primary pipe in a double con- 


tainment system may either be anchored externally (external to the annulus) or 
internally (internal to the annulus). An external arrangement involves interruption 
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FIGURE B13.6 Examples of solid RTRP termination fittings: (a) straight socket “V” fitting; (b) 
tapered socket “V” fitting; (c) tapered socket “V” fitting with reinforced corrosion liner; U.S. Patent 
5,141,261 applies to a—c; (d) straight socket termination fitting (source for d: Fibercast Co.) (From 
"Handbook of Double Containment Piping Systems," C. Ziu, McGraw-Hill, New York, 1995.) 
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FIGURE B13.7 Examples of clam-shell fiberglass termination fittings: (a) termination concentric 
reducer with integral drain; (b) termination concentric reducer. (Source: Smith Fiberglass Prod- 
ucts, Inc.) 
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FIGURE B13.8 Examples of fabricated termination fittings: (a) modified cap; (b) modified concen- 
tric reducer; (c) RTRP cap with overwrap; (d) modified RTRP concentric reducer with overwrap. 
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FIGURE B13.9 Example of a termination closure ring for metallic systems. 
(Source: “Failure Assessment and Redesign of a Jacketed Piping System, a 
Practical Approach,” by W. E. Short II, Pressure Vessels and Piping Confer- 
ence, 1988, ASME, PVP Vol. 139, #H00423.) 


of the secondary-containment feature, and is also referred to as a double termination 
arrangement. Since termination arrangements are a natural point of interconnection, 
the systems are restrained in place. Further, since they may be bolted together via 
a flange, the flanges may be secured to a building part, resulting in a completely 
rigid arrangement. The same effect can be achieved if an outer pipe is anchored 
at points away from the flange on both sides and sufficient intermediate guiding 
is provided. 

The main drawback with this type of arrangement is that this area is no longer 
secondarily contained. Some other means of secondary containment must be added. 
If secondary containment is required to be provided, then possible solutions for 
aboveground systems include either a dike structure to be constructed around it, 
or a protective flange cover provided. An example of a protective flange cover for 
a double termination arrangement via flange is illustrated in Fig. B13.11. Another 
option in some aboveground applications is to leave the flange arrangement single 
contained and provide daily visual inspection at this point. In underground systems, 
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CLOSURE RING CLOSURE FLANGE 


REDESIGNED CLOSURE 
RING & FLANGE JOINTS 
FIGURE B13.10 Example of a termination closure ring for metallic systems that has an insert 
style secondary containment pipe attachment, and that extends beyond the secondary containment. 
Note the counter bevel weld details for the primary pipe attachment, and the thicker ring portion 
together adds strength and resistance to cyclic loads of a differential thermal expansion nature. 
(Source: “Failure Assessment and Redesign of a Jacketed Piping System, a Practical Approach," 
by W. E. Short II, Pressure Vessels and Piping Conference, 1988, ASME, PVP Vol. 139, #H00423.) 
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FRONT VIEW 
FIGURE B13.11 Illustration of a protective flange cover. (U.S. Patent 85,141,256) 


the arrangement will require either placement within a concrete sump or manhole, 
or the provision of a protective flange cover. 


Internal-Anchoring Components and Methods. ‘There are options for anchoring 
the primary piping that eliminate the need to interrupt the containment casing. A 
variety of internal methods exist, some of which are fabricated, and others that 
involve specialized fittings. 

A basic fabricated version, termed an internal-baffle arrangement, is illustrated 
in Fig. B13.12 and Fig. B13.13. This method is a variation of the termination closure 
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FIGURE B13.12 A basic internal baffle-style internal anchor, which is a structural attachment 
to the primary pipe. This type of device is limited to metallic pipes due to the limitations of welding 
or bonding nonmetallic materials to achieve adequate shear strength. 
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FIGURE B13.13 A variation of the internal-baffle concept shown in Figure B13.12, in 
which the baffle extends radially beyond the secondary containment pipe for the purpose 
of being welded or bolted to an external structural member. 


ring described earlier. It is suitable in metallic systems where the metal can be 
directly welded to the baffle. 

A variation of the internal-baffle for use in systems that use a metallic primary 
piping and a nonmetallic outer system is illustrated in Fig. B13.14. This type, like 
the version shown in Figure B13.13, may have the baffle extend radially in order 
to allow it to be directly attached or secured to an external structure. These arrange- 
ments are suitable in aboveground applications; in underground applications the 
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FIGURE B13.14 Internal anchoring method for metallic primary, nonmetallic secondary contain- 
ment piping arrangements. 
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flanges would have to be directly buried and may therefore require extra protection 
(i.e., coating and cathodic protection of the bolts, in addition to protective shrink- 
wrap covers, etc.). 

A structural design of a homogeneous internal-anchor component (perhaps 
more appropriately termed an internal termination anchoring fitting, as it effectively 
terminates double containment at its point of use) is presented in Figs. B13.14 and 
B13.16. Figure B13.15 illustrates a solid annulus version, while Fig. B13.16 illustrates 
a version that is designed to allow annular flow (and maximize the flow through 
the component). 


FIGURE B13.15 An example of a homogeneous 
internal anchor coupling having a solid annulus for 
compartmentalization purposes. (U.S. Patents 
35,141,261 and 4,930,544) 


Any homogeneous-material internal-anchoring component is generally consid- 
ered to possess single containment in its center portions. Therefore, these compo- 
nents may require additional secondary containment around their exterior (i.e., a 
concrete sump, dike, etc.) to satisfy secondary containment requirements. 

Figure B13.17 illustrates another type of patented internal-anchor fitting, de- 
signed to enable the primary piping to be anchored while minimizing stresses on the 
component itself, lessening the chance of failure as compared to the homogeneous 
versions, yet maintaining 100 percent secondary containment and also allowing any 
combination of materials. 

The fitting shown in Fig. B13.17 allows for drainage of leaks through the annulus. 


FIGURE B13.16 An example of a homogeneous 
internal-anchor coupling having annular cutouts for 
flow or to allow for leak detection cable in the sec- 
tion. (U.S. Patents 15,141,261 and 4,930,544) 


B.584 GENERIC DESIGN CONSIDERATIONS 


6" INTERNAL BULKHEAD ANCHOR 


SLOTS (TYPO 


q RTA 


[—— po 


PIN HOLES (TYP) 


X-SECTION OF 
BULKHEAD ANCHOR 


X-SECTION OF 
ANCHOR HOUSING 
10^ INTERNAL ANCHOR HOUSING 


FIGURE B13.17 Example of a patented proprietary internal-anchor coupling for thermoplastic 
or other material, primary piping with a separate secondary-containment housing that can be 
constructed of the same or a dissimilar plastic material. Shown is a copolymer polypropylene primary 
bulkhead housed inside an HDPE outer housing. (U.S. Patents #5,085,471 and #5,141,261) 
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FIGURE B13.18 Illustration of a totally restrained section of double containment metallic piping 
that is restrained by means of internal-baffle style anchors welded on each side of the 90° elbows. 
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FIGURE B13.19 Illustration of a totally restrained section of RTRP double containment 
pipe, which is restrained by means of bonded in place collar-style internal anchors on each 
side of the 90° elbows. (Source: Fibercast Co., U.S. Patent $4,886,305.) 
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FIGURE B13.20 Illustration of a totally restrained section of thermoplastic double contain- 
ment pipe, which is restrained by means of Rionlock™ conical-shaped internal anchors on each 
side of the 90° elbows. (Orion Fittings, Inc.; Patent Pending) 
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FIGURE B13.21 Illustration of three-, four-, five-, and six-vane fabricated vane-type interstitial 
supports, where the vanes or fins are welded directly to the primary pipe. 


Alternatively, it may be provided with specialized annular plugs or seals to prevent 
flow. One would desire to prevent annular flow when designing a system in a 
compartmentalized fashion or when using these fittings as termination fittings. 


Anchored Systems Using Anchored Fittings 


One of the more common ways to anchor double containment piping systems is to 
anchor each and every fitting internally by the use of collar inserts or welded in 
place plate supports. This method has been used extensively for many years in 
jacketed process piping systems using metallic materials. However, the method has 
been popularized in recent years in double containment systems due to the highly 
successful commercial introduction of a patented system available from the Fibercast 
Co. (Sand Springs, Okla.) trademarked as the DualCast System. Examples of this 
type of system are shown for metallic systems and for the DualCast system in Figs. 
B13.18 and B13.19, respectively. An example of a patent pending system using 
conical internal anchors in thermoplastic socket-based drainage systems is shown 
in Fig. B13.20. 


DOUBLE CONTAINMENT PIPING SYSTEM DESIGN B.587 


In this type of system it is important to anchor every outlet of every fitting. In 
other words, branch fittings require anchoring on all three sides and elbows on 
both sides. In doing so, the straight piping running between fittings are thereby 
anchored as well, although the straight pipes must still be adequately guided axially 
between consecutive fittings, except for very short runs. 


Interstitial Supports 


Various types of interstitial supports (also referred to as centralizers, among other 
names) are shown in Figs. B13.21 through B13.26. 


Pressure Fittings 


Examples of typical restrained and unrestrained pressure elbow and branch fittings 
are shown in Figs. B13.27 through B13.38. 


Nonpressure (Drainage) Fittings 


Various types of restrained and unrestrained nonpressure drain, waste, and vent 
fittings are shown in Figs. B13.39 through B13.58. 
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FIGURE B13.22 (left) Examples of miscellaneous vane-type supports: (a) fabricated vane-type 
clip-on support; (b) molded or cast-vane support with integrally reinforced vanes (Guardian div. 
of Eslon); (c) molded vane support with lateral reinforcement of vanes (U.S. Patent 5,018,260) 
AGRU, Asahi/America; (d) complex molded vane support with external pads (G. Fisher/R&G 
Sloane); (e) collar-style with vanes; (f) vane-type coupling; (g) welded hex-rod with 3-vanes; (h) 
welded round bar stock with 3-vanes. 
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FIGURE B13.23 Examples of support pad-type internal supports: (a) illustration of a typical 
bonded three-pad support arrangement for a fiberglass primary pipe; (b) illustration of a metalli 
primary pipe having three pipe saddles welded to its surface; (c) use of welded half-pipe saddles 
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FIGURE B13.24 (left) Various examples of collar-style interstitial supports: (a) basic support with 
half-moon cutouts; (b) with extended open area; (c) with annular slots; (d) with drilled holes; (e) 
with angular slots or curved helical vanes; (f) for improved annular flushing and drying (U.S. 
Patent $5,400,828 applies to (e) and (f)); (g) fabricated saddle-type; (h) square shape for fabricated 
thermoplastic systems intended for simultaneous fusion. 
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FIGURE B13.25a A basic flexibility support designed to be welded or bonded to the outer jacket. 
(U.S. Patent Nos. 5,862,834 and 5,197,518; additional patents pending; Orion Fittings, Inc.) 


FLEXIBILITY CONTAINMENT 
SUPPORT PIPE 


PRIMARY 
PIPE 
FIGURE B13.25b A flexibility support having a saddle that interlocks to the base via a dove- 
tailed arrangement. (U.S. Patent Nos. 5,862,834 and 5,197,518, additional patents pending; Orion 
Fittings, Inc.) 
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FIGURE B13.26 Illustration of an internally guided ball-type flexibility support. The version 
shown is designed to use in an all-welded system. Variations are also available that are intended 
for use in systems with a mechanically joined outer jacket. (U.S. Patent Nos. 5,901,753; 5,862,834 


and 5,197,518; Orion Fittings, Inc.) 
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FIGURE B13.27 Restrained fiberglass 90? elbow (U.S. Patent 4,886,305; 
Fibercast Co.) 
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Carrier Socket 


FIGURE B13.28 Restrained fiberglass long radius 90° elbow 
(U.S. Patent 4,886,305; Fibercast Co.) 


FIGURE B13.29 Example of a double-con- FIGURE B13.30 Example of an elbow where 
tainment elbow arrangement whereby the pri- the inner and outer radii are equal throughout 
mary elbow has a shorter radius than that ofthe their curved portion. 

corresponding secondary containment elbow. 


FIGURE B13.31 Example of an elbow 
whereby the inner elbow has a radius which is 
longer than that of the corresponding secondary 
containment elbow. (U.S. Patent 5,452,922; Or- 
ion Fittings, Inc.) 
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FIGURE B13.32 Restrained metallic elbow. 


DUAL CONTAINMENT 
90' ELBOW W/2 — 45° ELBOWS 


FIGURE B13.33 Typical ther- 
moplastic 90? elbow combination 
for parts using socket-type join- 
ing systems whereby the carrier 
elbow is made of two 45? elbows. 
(Orion Fittings, Inc.) 
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FIGURE B13.34 Typical thermoplastic 90° elbow 
combination for parts using socket-type joining sys- 
tems whereby the carrier elbow is a single 90? elbow. 
(Orion Fittings, Inc.) 
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FIGURE B13.35  Restrained thermoplastic 90° el- 
bow combination for parts using socket-type joining 
systems whereby the carrier elbow is a single 90° 
elbow. (Patent Pending; Orion Fittings, Inc.) 
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FIGURE B13.36 Restrained fiberglass Tee (U.S. Patent 4,886,305; Fi- 
bercast Co.) 
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FIGURE B13.37 Restrained fiberglass 90° carrier elbow contained in a Tee. 
(U.S. Patent 4,886,305; Fibercast Co.) 
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FIGURE B13.38 (Above) Typical tee in a split-and-reassembled outer tee; (Below) Typical 
tee in a completely fabricated outer tee. (From “Handbook of Double Containment Piping 
Systems," C. Ziu, McGraw-Hill, New York, 1995.) 
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FIGURE B13.39 Example of thermoplastic 
sanitary tee using molded code approved carrier 
fitting. (Orion Fittings, Inc.) 


FIGURE B13.44 Example of thermoplastic 
45? Jateral (wye) using molded code approved 
carrier fitting. (Orion Fittings, Inc.) 
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FIGURE B13.40 Rionlock"" restrained ther- 
moplastic sanitary tee using molded code ap- 
proved carrier fitting. (Patent Pending; Orion 
Fittings, Inc.) 


FIGURE B13.42  Rionlock"" thermoplastic re- 
strained 45? lateral (wye) using molded code ap- 
proved carrier fitting. (Patent Pending; Orion 
Fittings, Inc.) 
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FIGURE B13.43 Example of thermoplastic 
45? reducing lateral (wye) using molded code 
approved carrier fitting. (Orion Fittings, Inc.) 


FIGURE B13.44 Rionlock"" thermoplastic re- 
strained reducing 45? lateral (wye) using molded 
code approved carrier fitting. (Patent Pending; 
Orion Fittings, Inc.) 
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FIGURE B13.45 Example of thermoplastic long-turn wye 
using molded code approved carrier fitting. (Orion Fit- 
tings, Inc.) 


FIGURE B13.46 Rionlock" thermoplastic restrained 
long-turn wye using molded code approved carrier fitting. 
(Patent Pending; Orion Fittings, Inc.) 


FIGURE B13.47 Example of thermoplastic reducing 
long-turn wye using molded code approved carrier fitting. 
(Orion Fittings, Inc.) 


FIGURE B13.48 Rionlock" thermoplastic restrained 
long-turn wye using molded code approved carrier fitting. 
(Patent Pending; Orion Fittings, Inc.) 
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FIGURE B13.49 Example of thermoplastic 45? double lateral 
(wye) using molded code approved carrier fitting. (Orion Fit- 
tings, Inc.) 


FIGURE B13.50 Rionlock" thermoplastic restrained 45° 
double lateral (wye) using molded code approved carrier fitting. 
(Patent Pending; Orion Fittings, Inc.) 
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FIGURE B13.51 Example of thermoplastic 45° double reducing lat- 
eral (wye) using molded code approved carrier fitting. (Orion Fit- 
tings, Inc.) 
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FIGURE B13.52 Rionlock™ thermoplastic restrained 45° double re- 
ducing lateral (wye) using molded code approved carrier fitting. (Patent 
Pending; Orion Fittings, Inc.) 
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FIGURE B13.53 Example of a thermoplastic dou- 
ble containment clean-out with nickel-bronze fin- 
ished floor adjustable cover (Orion Fittings, Inc.) 
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KERR 


FIGURE B13.54 Example of a thermoplastic FIGURE B13.55 Example of a thermoplastic 
double containment clean-out. (Orion Fittings, ^ double containment floor drain capable of with- 
Inc.) 


standing a 10,000 pound load applied over its 
cover. (Orion Fittings, Inc.) 


B.606 


GENERIC DESIGN CONSIDERATIONS 


al 


FIGURE B13.56 Example of a thermoplastic dou- 
ble containment P-trap. (Orion Fittings, Inc.) 


FIGURE B13.57 Example of a thermoplastic 


double containment floo: 


r drain with factory pre- 


assembled 90° elbow out 


et. (Orion Fittings, Inc.) 
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FIGURE B13.58 Example of a thermoplastic 
double containment floor drain with factory pre- 
assembled P-trap outlet. (Orion Fittings, Inc.) 
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LAYOUT OF DOUBLE CONTAINMENT 
PIPING SYSTEMS 


A double containment piping system is only partially designed once its piping and 
components have been sized and their pressure ratings established. The layout of 
the system must then be determined, taking into account all the requirements of 
the application. These include: flexibility requirements, installation requirements, 
inspection, examination and testing requirements, leak detection-system require- 
ments, and others. It also involves the detailed design of interconnecting parts, design 
and placement of centering devices (interstitial supports), and double containment 
fitting details. Space issues are of the utmost importance, as potential interferences 
may exist between inner and outer components. This includes interferences that 
may result from differential movements that occur when inner and outer systems 
are subjected to different amounts of thermal expansion, which may be undesirable. 
The allowable space can have a profound effect on the fabrication and installation 
of a system. 

System layout is interrelated to all other aspects of system design by virtue of 
performance criteria. For instance, the final pressure rating of a primary pipe system 
will be directly affected by the layout and the resulting frictional losses that are 
calculated. Each layout choice will also result in unique stress levels developed in the 
system components, based on design temperatures and pressures. The distribution of 
these stresses will also change upon each change in layout detail. Layout choices 
will have an effect on other aspects of system design as well (i.e., structural, heat 
transfer, fluid dynamics, etc.). In each design, the layout process involves first 
selecting a layout and then determining its suitability for the given design conditions. 
Often this involves computing stresses or performing some other analysis to deter- 
mine if the chosen layout will result in a safely working system over its design life; 
if it is determined that the system may fail under the layout that has been selected, 
aspects of the layout must be changed and a new analysis performed. By its very 
nature, the layout process involves trial and error on the part of the engineering 
design team. 

There are two layout issues to which the first time designer and customer of a 
double containment piping system must pay special attention at the start of a project. 
The first concerns the overall size of double containment piping and its components. 
By its nature, the overall diameter sizes are much greater than their corresponding 
single-walled primary piping systems. While this aspect of double containment 
piping sounds obvious, it often is a source of surprise and frustration for facility 
owners and piping designers. This aspect of double-containment piping is a limiting 
factor, particularly when a system is being installed as a retrofit into an existing 
facility, or a specified slope has to be met. 

A second major item of importance has to do with allowing sufficient clearance 
for primary fittings to be installed or fabricated within secondary containment 
fittings; in other words, providing adequate clearance between the two components 
or, stated differently, proving adequate internal clearance. This item is important 
for all systems, but it is highly important for those requiring an internally flexible 
design and layout. 

It is difficult to present specific criteria for all layout details that may be encoun- 
tered in a system design. There are an infinite set of conditions that may be encoun- 
tered; no two piping systems are ever completely alike. However, considerations 
for many of the common aspects of double containment piping system layout can 
be described. 


B.608 GENERIC DESIGN CONSIDERATIONS 


The layout selected will have an effect on the overall system performance. The 
overall layout of any system, consisting of each individual detail acting together to 
form a complete system, must always be analyzed as to its suitability by a competent 
professional to achieve a safe, working system. 


Pressure Piping Systems 


Pressure piping systems include both aboveground and underground systems that 
operate at 15 psig (1.1 bar) or greater internal pressure, or operate at vacuum 
conditions (below 0 psig). Secondary containment portions of these systems may 
also be pressure rated to the same extent as the primary, but not in all cases. The 
choice is normally up to the designer, although code requirements may dictate 
whether it is required. Systems that operate under vacuum conditions (less than 0 
psig, 14.7 psia, 1 bar absolute) are also classified as pressure piping systems even 
if they will never be subjected to a positive internal pressure. 

The layout of a pressure piping system is far from an exact science and is 
not taught in schools. Most competent designers develop their techniques from 
experience and from working with other designers. The ASME B31 Pressure Piping 
Codes state many useful layout concepts based upon allowing adequate space and 
minimizing the stresses of pressure piping systems. To minimize stresses in a system 
layout, as described in the ASME Codes, one must provide a system whose stresses 
are well balanced during operation. A system whose stresses are evenly balanced 
will result in a system where detrimental stresses will not occur during operation. 
These criteria, which set a worldwide accepted basis for determining the layout of 
a pressure piping system, also provides the designer with guidance to determine if 
a system can have a restrained or flexible layout. 


Nonpressure Double Containment Piping Layout Considerations 


Nonpressure systems include both aboveground and underground systems whose 
primary systems operate at a pressure between 0 and 15 psig (bar). The major type 
of nonpressure system is the gravity flow chemical drain waste and vent (DWV) 
system, which is designed to drain chemical waste by means of gravity to sewers, 
treatment or holding tanks, or a treatment facility. The secondary, containment 
portions of these systems are typically designed to the same performance specs as 
the primary system (i.e., to a pressure rating of 10 ft of head, or 0.3 bar). In some 
instances, the secondary containment jackets of these systems may be designed in 
an open-ended fashion, whereby the secondary containment jacket flows open 
ended over a tank or treatment pond. When a system is allowed to be designed in 
such a manner, the pressure rating of the secondary containment at most will 
accommodate any head buildup due to developed back pressures. The secondary, 
containment design normally is the choice of the designer, although Code or regula- 
tory requirements may dictate what is required. 

While many underground waste systems are of the gravity-fed, nonpressure type, 
some double containment waste-piping transfer lines can be pressurized due to the 
distance they must convey the fluids, or due to a lack of slope. Also, in some systems 
where a substantial change in elevation exists (> 33 ft, 10 m), the line may have 
to be reclassified as a pressure system, as some of its components will be subject 
to greater than 15 psi (1.1 bar). In many projects, the site does not allow for much 
change in elevation. Since elevation changes will be limited, the system may have 
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both nonpressure and pressure characteristics. The usual design in such applications 
involves the nonpressure line (lines) draining into a sump, whereby the fluid is then 
moved within a force main by the use of a sump pump. 

Underground piping may include pressure transfer lines that are routed under- 
ground at the choice of the owner. This may be due to reasons of surface aesthetics, 
unavailable surface space due to surface restrictions, the existence of underground 
tanks, or to control-piping temperatures-safety concerns. In the case of petroleum 
marketing outlets, piping is placed underground for all four reasons. Some aspects 
of underground layout apply to nonpressure lines and pressure lines. General layout 
considerations for underground pressure and nonpressure piping double contain- 
ment systems are discussed here. 

Many aspects of nonpressure waste piping and other non-ASME Code under- 
ground piping layout practices are defined in many localities by building or fire 
codes. There are also many well-defined layout practices that have been developed 
by various professional disciplines and their organizations (e.g., American Society 
of Civil Engineers, American Water Works Association, American Society of 
Plumbing Engineers, etc.). However, most competent designers involved in nonpres- 
sure piping and underground pressure piping applications gain their layout knowl- 
edge from working on actual projects and by following the practical methods of 
other accomplished designers. 

Designers of nonpressure chemical DWV systems (e.g. from laboratories) should 
be aware of the differences between a plumbing code [e.g. IPC (BOCA/ICBO), 
UBC (IAPMO), CSA, etc.] and a design code (e.g. ANSI/ASME B31.3, 31.9). 
Design codes cover the mechanical design integrity of the components and system, 
whereas a plumbing code typically does not. Though a design code may not be 
required for certain systems by local jurisdiction, designers should consider applying 
such codes to verify the mechanical integrity of the system. 


Chemical Waste DWV Piping Systems, Acid Waste DWV Piping Systems, 
and Chemical Sewers 


Chemical waste piping systems include those that serve as drain, waste, and vent 
piping for chemicals of all types. These types of systems are commonly referred to 
as acid waste DWV systems by plumbing engineers. Although the name implies 
that they are specific to the disposal of acids, they may be designed to convey acids, 
bases, organic chemicals, chlorinated solvents, or inorganic chemicals of all types. 
The name is designated as acid-waste piping because acids are among the most 
commonly encountered chemicals in laboratory and plating applications whereby 
such chemicals are commonly discharged into the waste piping after they have served 
their purpose. The plumbing and sanitary engineering profession has historically 
designated this piping with its specific label to distinguish it from other sanitary 
drain, waste, and vent lines in building services. 

Chemical-waste materials should not be discharged into a regular sewer system 
without first being neutralized or treated in some fashion. Many chemical waste 
piping systems are designed to allow fluid to discharge into a neutralization basin 
or treatment pond, where the chemicals are treated. The neutralized or treated 
product is then allowed to be discharged into the sewer system or waterways once 
the effluent is within prescribed purity limits. 

Layout considerations for these systems include such items as determination 
of diameter sizes (capacity of the piping), slope determination, determination of 
component style, and venting requirements. Other system selection factors (such 


B.610 GENERIC DESIGN CONSIDERATIONS 


as material selection) can, in certain locations, be based on fire-related considera- 
tions such as flame and smoke spread ratings of the materials, and adherence to 
U.L. (Underwriter Laboratories) and F.M. (Factory Mutual) standards. Whenever 
a layout is to be determined for nonpressure waste systems or other type of under- 
ground system, the authority having local jurisdiction must be contacted as to what 
codes, standards, and permits apply. 

Whereas the design and layout of most sanitary drain, waste, and vent and other 
plumbing-related piping is governed by strict building codes, chemical, waste piping 
systems are not regulated in all areas. The reason that it may not be covered in 
certain local building codes is that in many municipalities it is classified as process 
piping. Process piping is ordinarily not covered by the general building codes. 
However, an aboveground system may be still subject to fire code regulations, 
depending on the locality where it is to be installed. Although there may not be 
strict coverage under building codes, the design and layout of such systems should 
still follow the well-defined engineering practices of ordinary DWV piping. This 
includes sizing practices, slope determination, provision of proper venting, and 
other principles of design and layout. 

One aspect of chemical waste piping design that tends to be common among 
systems of this type is that most systems have at least part, if not all, of the system 
buried directly under a building slab or behind walls or between floors, which 
usually means very limited access to the piping system. If there is a leak detected, 
portions of the building usually have to be excavated to get at the pipes. It also 
means a disruption of ongoing activities within the building and could result in lost 
revenue in the event of a repair. Therefore, the selection of material for the second- 
ary containment pipe becomes critical in this situation. The fluid will have a tendency 
to remain in the annulus for a fairly long period of time, at least until a repair 
operation can be scheduled. For these reasons, there is added incentive to use 
homogeneous inner and outer materials. 


Floor Drains and Other Fixture Outlets. The purpose of a chemical or acid waste 
drainage system is to collect waste from laboratory sinks, fume hoods, and floor 
drains. However, other applications exist for aboveground drain systems to allow 
drainage of fluids from process equipment, rinse-down areas, potential spill areas 
around tanks and vessels, and other areas in order to transport the waste to a 
remote treatment area. These lab sinks, fume hoods, and floor drains are the points 
of introduction of the waste fluids. 

Typical diameters for outlet primary piping from fixtures range from NPS 1% 
(DN 40) diameter to NPS 4 (DN 100) diameter. These outlet pipes must be equipped 
with secondary containment piping ranging in sizes from NPS 3 to 8 (DN 80 to 
200) diameter sizes, respective of the aforementioned primary pipes. Outlets from 
floor drains are usually NPS2 (DN 50) in diameter to a maximum of NPS 6 (DN 150). 

Figure B13.59 details an ideal configuration for fixture outlets that must be 
equipped with secondary containment. In this example, the secondary containment 
jacket is shown as being directly welded (or bonded) to the underside of the sink, 
basin, or tank. This is possible only in systems involving homogeneous or highly 
compatible materials. It is something that is highly encouraged in the layout of 
such systems as it will lead to a transition involving high integrity. A reason why 
this is important is that it allows the transition from single containment to double 
containment to be made above the level of the first primary pipe joint. In contrast, 
Fig. B13.60 illustrates a transition from single containment to double containment 
where the transition is made below the level of the first joint. Either transition is 
acceptable if it occurs aboveground in an area considered to provide adequate 
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FIGURE B13.59 Configuration for fixture outlets where the first carrier joint is below the level 
of the secondary containment jacketing. 
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FIGURE B13.60 Configuration for fixture outlets where the first carrier joint is above the level 
of the secondary containment jacketing. In this type of arrangement, a leak at this joint could escape 
around the secondary containment pipe. 
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secondary containment. If the transition occurs underground it is critical that it be 
made above the level of the first joint. Otherwise, a concrete sump equipped with 
a leak detection probe may have to be constructed around the area to prevent the 
possibility of leakage to the surrounding soil. 

Floor drains also have many specific concerns that need to be addressed. The 
same transition concerns expressed in the previous paragraph apply. However, 
there are a number of additional concerns in comparison to fixture outlets. Figure 


FIGURE B13.61 Illustration of three types of double containment floor drains: (a) polypro- 
pylene (Orion Fittings, Inc.); (b) stainless steel (J.R. Smith); (c) epoxy or vinyl ester 
RTRP. (Fibercast). 


B13.61 illustrates examples of typical double containment floor drains. These floor 
drains should be provided with a flashing in order to collect any leaks safely that 
occur where the brim is sealed into the floor, something that can be expected to 
occur eventually in many floor drains. There should be perforations provided in 
their basins that allow collected fluids that leak around the brim to drain into the 
primary portion of the drain, which will allow fluids to flow down their respective 
primary pipe outlets. It is important that fluid never be purposely introduced into 
the annulus of double containment piping because a leak would then be sensed 
and repair procedures may be initiated, though not needed. Thus, collected leaks 
around a brim are discharged into the primary portion of the drain. 

In Fig. B13.61, the transition from single containment to double containment is 
made by attaching the secondary containment pipe directly to the underside of 
each drain's drip pan-flashing by using a weld or bond. This is often desirable for 
floor drains, as they typically are directly imbedded in concrete flooring. This is 
readily possible if the drain, the primary pipe, and the secondary containment pipe 
are constructed of homogeneous materials; if it is not possible (i.e., in hybrid material 
systems), then in most jurisdictions in the United States, a concrete sump has to 
be constructed around the area with some form of monitoring applied. 


Use of Traps. Floor drains and fixtures need to be provided with traps at their 
outlets in chemical systems where there is a possibility of backup of gases from the 
system through the fixtures or drains. 

The most common type of trap in a chemical DWV system is the P-trap. A 
typical double-containment P-trap is illustrated in Fig. B13.62. A requirement of 
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FIGURE B13.62 Typical double containment P- 
trap where the system uses metallic or thermoplastic 
butt welding/fusion pattern pressure fittings as the 
basis to fabricate a non-plumbing-code approved 
drainage system. 


P-trap design is that a minimum of a 2-in (50 mm) water seal be provided in the 
design. In a trap equipped with secondary containment, the annulus will always 
have the same theoretical seal dimension as the primary pipe, plus a small amount 
equal to the sum of the annulus available at the bottom of the bottom elbow and 
the wall thickness of the primary elbow. (One should note that the annulus is meant 
to remain normally empty, thus the seal dimension of the secondary pipe is described 
only in theoretical terms.) An alternative arrangement is illustrated in Fig. B13.63, 
where single-walled components are housed inside a secondary containment sump. 

Another feature of traps that must be considered is whether or not the primary 
P-trap needs to be provided with a cleanout at its low point. Cleanouts are often 
provided at the bottom of traps in ordinary plumbing systems to allow the drain 
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FIGURE B13.63  Fabricated double containment P-trap incorporating a cleanout, where the system 
uses metallic or thermoplastic butt welding/fusion pattern pressure fittings as the basis to fabricate 
a non-plumbing-code approved drainage system. 
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FIGURE B13.64 Alternative arrangement for P-traps involving carrier compo- 
nents housed inside a specialized secondary containment tank-like structure. 


to be unclogged of collected aggregates, hardened foam, etcetra. Therefore, if the 
trap requires a cleanout to be provided, then a specialized arrangement is required. 
Figure B13.64 illustrates an arrangement where the primary part of the trap has 
cleanout capability; the secondary containment portion is provided with a removable 
access cover that is further equipped with a digital liquid-sensing probe. An arrange- 
ment of this type would need to be placed inside a sump that can safely house such 
an arrangement and allow the safe collection of fluids when they spill. Care should 
be taken when opening a cleanout in this configuration, as the hazardous chemicals 
will likely be present in the bottom of the P-trap. The maintenance worker-contrac- 
tor should be equipped with the proper safety clothing, masks, and protective 
eyewear. 


Underground Horizontal Headers. Most systems involve one or more vertical 
waste stacks that collect waste from horizontal branches and floor drains and dis- 
charge waste vertically into a common header installed under the building. Each 
stack normally connects to a header through either a 90°-long sweep elbow, or 
through a long-turn-tee-wye (45? lateral with a 1/8th bend). Floor drains that are 
used to collect emergency spills are typically connected to an underground P-trap 
that is in turn connected to the header at the exit of the trap. Underground headers 
usually connect outside the building to an underground main, are fed into a common 
sump or basin, or are drained into a neutralization tank. 

A typical underground header system used at a laboratory-type facility is illus- 
trated in Fig. B13.65 and shown in the accompanying photograph of the same 
system, Fig. B13.66. The layout of the system is typical of a two-story laboratory 
building that collects wastes from various fixtures, floor drains, and vertical waste 
stacks. Underground header systems should have orthographic plan view drawings 
prepared, similar to that shown. An overall plan view showing all headers should 
be prepared, as well as individual drawings for each header. The individual headers 
should include details of all connections, including fitting types, location, and method 
of attachment (type of weld or bond). 
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FIGURE B13.65 A typical underground lab-waste header subassembly in a gravity-waste appli- 
cation. 


An alternative design for underground headers that fall within a building's limits 
is to place a single-walled header within a lined or coated open trench. This can 
be done on all or a portion of an underground header that is within a building's 
limits. Fig. B13.67 is an example of single-walled underground headers contained 
within a coated, open trench. In this example, perpendicular double containment 
pipes are terminated upon entry to the common trench, whereby multiple pipes 
are secondarily contained by the associated common open trench. Shown in Fig. 


FIGURE B13.66 Photograph of the header illustrated in Fig. B13.65. 
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FIGURE B13.67 An example of single-wall underground chemical waste headers housed inside of a coated 
secondary containment concrete trench in a chemical weapons testing and research facility for the U.S. Army 
Corps. of Engineers. (Poole & Kent Co.). (From “Handbook of Double Containment Piping Systems," C. Ziu, 
McGraw-Hill, New York, 1995.) 
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B13.68 is the structure designed to support the different pipes. While not indicated 
in the drawing, stainless steel or fiberglass pultruded grating is placed over the 
trench to prevent a worker's falling into the open trench. 

In this example, there are also underground side headers feeding into the trench, 
each of which is individually double contained before it enters the common trench. 
When more than one header can run parallel to others it becomes economical to 
place them inside a common trench. Designers must consult with the authority 
having local jurisdiction to determine if a common means of secondary containment 
can be used for more than one primary pipe. Also, while open trenches are readily 
suitable inside a building, they lose some of their appeal outside a building. Outside 
building limits, rainwater will readily enter an open trench, which means that 
rainwater flow will have to be monitored and diverted to a waste treatment facility 
when contamination is detected. This can mean a very large increase in capacity 
for the waste treatment facility, making the use of open trenches less desirable 
outside a building's limits. 


Underground Horizontal Mains. When an underground header exits a building's 
limits, horizontal waste piping either continues as an underground main or ties in 
via branch connection to a main. Mains may collect wastes from one or more 
headers, possibly multiple headers from more than one building. An underground 
main typically carries waste to a remote site where it is processed, stored, or 
discharged into an industrial sewer. The main may either be a gravity-fed drain 
pipe, or it might operate as a pressure force main. The decision whether to move 
the chemical waste fluids by either gravity or pressure depends on the present and 
future capacity needs, the distance to be traveled, and available slope. 

Several drawings are needed to depict the layout of the underground mains 
accurately. The overall schematic of the mains, including their relation to buildings 
and other surface structures, should be shown on a plan-view drawing, which should 
show all pipes, including branch connections and changes in direction of the piping. 
The location of fittings, manholes, and other major details should also be indicated. 
Any horizontal change in elevation should be shown by preparing a profile view 
drawing, indicating all changes in elevation of the pipe (or pipes) and the surface 
geography. The elevations should be indicated at various points along the drawing in 
order to determine burial depths, locations of manholes, and other details accurately. 
Whenever feasible, a combined drawing should be prepared so that it is easy to 
coordinate location and elevation. Both drawings should be drawn to scale in order 
to assist in preparing accurate takeoffs and estimates of project costs. 

In addition to these drawings, detail drawings should be prepared for all unique 
aspects of underground mains. At least one typical detail drawing needs to be 
prepared for each unique section. A section is considered unique if there is any 
change in size, diameter (including annular space), wall thickness, materials of 
construction of the primary or secondary containment piping, type and spacing of 
interstitial supporting devices, or type of welds (bonds). If any of these variables 
changes, then a separate detail drawing needs to be prepared. 

A typical drawing illustrating a combination plan view and profile view of an 
underground gravity-fed double containment main is shown in Fig. B13.69. 


Gradient of Internally Supported Headers to Prevent Pocketing. If primary pipes 
are intermittently supported by means of internal centering supports (centralizers), 
they must not contain sag pockets in order to drain freely. To eliminate pockets, 
each downstream internal centralizing support must be lower than its upstream 
neighbor by an amount that depends on the sag of the pipe between them. A 
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FIGURE B13.68 A structural supporting system used to support the pipes shown in Fig. B13.67. (Source: Poole and Kent Co.) 


DOUBLE CONTAINMENT PIPING SYSTEM DESIGN B.619 


Branch "A' 
Í MHO2 
5 i 
MHO 1 
Branch "C" 
MHOS 
5 
MHOS Pu 
Branch ” B” Branch ”D” 


PLAN VIEW 


MHO1 
EL-210 Ft 


MHO2 
EL=185 Ft MHO3 
EL=180 Ft 
MH04 
EL=140 Ft NOS 
EL-110 Ft 


ELEVATION VIEW 


FIGURE B13.69 A typical combined plan- and profile-view drawing for an underground gravity- 
flow chemical sewer. 


practical average gradient of internal support elevations to meet this requirement 
may be found by using the following equation B13.1. 
BR 
TOR 


G (B13.1) 


where G — gradient, in/ft 
L = span, ft 
y — deflection, in 


The difference in elevation between a downstream internal centering support and 
its upstream neighbor must be four times the theoretical deflection of the pipe 
between them to establish the grade. It has been suggested as a conservative measure 
to use twice the theoretical mid-span deflection when determining the slope of the 
double containment pipe. If so, the elevation difference between successive supports 
would be eight times the theoretical mid-span. The elevation of the internal supports 
is equal to the invert of the secondary containment pipe. 


Use of a Common Sump with Discharge into Pressure Force Mains. In the plan 
and profile view of Fig. B13.69, the elevation changes by more than 100 feet. What 
happens if a change in elevation is not available to allow the piping to experience 
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FIGURE B13.70 A typical common sump system with a pressurized discharge header. 


the minimum change in elevation required to sustain the minimum required slope? 
The normal procedure in this instance is to drain all horizontal underground headers 
into a common sump and then pump the fluids involved by use of a sump pump 
through a pressure-force main. When this method is used, the underground header 
should be designed as a pressure pipe, according to all the rules of design for 
pressure pipes described throughout this book. 

An example of a system of this type is illustrated in the plan view shown in Fig. 
B13.70. When such a design is used, the sump may have to be provided with an 
integral liner and the interstitial space monitored for leaks, as it is in effect an 
underground storage tank. Local authorities having jurisdiction vary in their inter- 
pretation of this type of arrangement; thus, it is important to consult with them on 
any given project. 


Underground Fitting-in-Manhole Arrangements 


In nonpressure and pressure systems that are installed underground, it is common 
to avoid direct burial of double-containment fittings. Most direct burial of double 
containment fittings is limited to bends and elbows. The direct burial of branch 
fittings is often avoided due to the difficulty in installing these fittings underground, 
leak detection concerns, and other reasons. Where there is a substantial amount of 
thermal expansion and contraction expected, the installation of double containment 
fittings underground of all types is usually avoided. 

A common design approach for underground system (pressure and nonpressure) 
layout of fittings is to place single-walled fitting connections inside secondary con- 
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FIGURE B13.71a Plan details for manhole MH01 from Fig. B13.69. 


tainment manholes. In most situations, it becomes more economical to terminate 
secondary-containment piping in the entry to a secondary containment manhole, 
thereby making use of single-walled fittings. Manholes, if constructed of lined or 
protected concrete, effectively serve as a means of secondary containment. Any 
secondary containment piping penetrations can be made watertight by the use 
of mechanical seals, by welding secondary containment piping to manholes (if a 
compatible lining material is used), or by using a waterstop with grouting applied 
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FRONT ELEVATION VIEW 
FIGURE B13.71b Front elevation details for MH01 from Fig. B13.69. 
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FIGURE B13.72 An example of a valve contained inside a secondary containment open sump. 


around the outer pipe circumference. Grouting can also be applied on the inside, 


outside, or both. 


If manholes are designed to be readily accessible, primary piping fittings can be 
joined by using flanges. This greatly aids in the installation of such items, and makes 
maintenance easier. In addition, expansion joints can be incorporated in the layout, 
being positioned between the fittings and the pipe flanges. This can serve as a means 
of alleviating thermal expansion in the straight pipe sections (if the primary piping 
is designed in an unrestrained manner) and serves as a means of isolating fittings 
and complex fitting arrangements. As examples of possible designs, details of under- 
ground fitting manhole arrangements, for manhole MH01 that is referenced in Fig. 
B13.69, is shown in Fig. B13.71. An example of a valve in a secondary containment 


manhole is shown in Fig. B13.72. 

When using a lined or coated con- 
crete structure as a means of secondary 
containment, it is necessary to incorpo- 
rate some means of leak detection in 
such structures. This is due to the fact 
that single-walled fittings in such struc- 
tures, or their flange connections, may 
be a source of leaks. Furthermore, dou- 
ble containment pipes that have a non- 
open-ended annulus at the entry to such 
structures may also have some means of 
leak detection added to the straight pipe 
sections as well. 

As an alternative design, the arrange- 
ment shown in Fig. B13.73 may be used. 
In the alternative arrangement, the fit- 
ting area that is positioned in the man- 
hole is part of an uninterrupted double 


FIGURE B13.73 A plan view of a manhole 
detail whereby the piping components housed 
within feature continuous double containment. 
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containment piping zone. The arrangement may be positioned as such to allow for 
easier installation of the fitting or fittings, incorporation of leak detection connec- 
tions, future easy access, etcetra. When this type of arrangement is used, a manhole 
does not always have to be lined or coated, nor does it have to be provided with 
its own leak detection. 


Thermal Expansion Layout 


Using Internally Flexible Systems for Handling Differential Thermal Expan- 
sion. When adequate room to prevent contact due to differential expansion and 
contraction between primary and secondary containment elbows does not exist, 
the diameter of secondary containment elbows may be increased to allow primary 
elbows sufficient room to flex. In systems that have a singificant amount of thermal 
expansion, expansion loops, offsets, or additional changes of direction might be 
required to achieve the desired level of flexibility. Alternatively, expansion joints 
may be added into the inner or outer pipe sections. Most nonmetallic materials 
have a linear coefficient of thermal expansion that is far greater than that of metals; 
additionally, they are subject to early failure due to creep-strain accumulation when 
they are designed in a restrained fashion. RTRP materials do not yield, and as 
such, they must be laid out with sufficient flexibility to avoid premature failure. 
However, due to the design of certain components and the high strength of machine- 
made RTRP components, it is usually best to lay out machine-made RTRP systems 
as restrained systems. This section discusses the different unrestrained possibilities 
for accommodating differential thermal expansion in these systems. 


Expansion Joints in Double Containment Systems. Expansion joints may be used 
in principle on both primary and secondary containment piping systems. They may 
be used in both primary, and secondary containment portions of nonrestrained 
systems. However, there are many limitations to their use. If expansion joints are 
to be used as part of a primary, piping system, ready access to the expansion joint 
must also be included in the design. This means provision of a tank or access device 
as a component of the secondary containment system. In underground systems, the 
use of expansion joints for compensation of primary pipes is limited to manholes 
or where a trench is used as a means of secondary containment. On the other 
hand, expansion joints may be readily applied to secondary containment pipes in 
aboveground, nonrestrained systems to compensate for differential thermal expan- 
sion. This is true regardless of which pipe is experiencing the larger temperature 
change. 


Use of Directional Changes (Elbows) to Accommodate Expansion of Double 
Containment Pipe Straight Sections. The natural changes of direction (elbows) 
that exist in any system can be used to accommodate thermal expansion and contrac- 
tion. Additional changes of direction may also be added to the layout to increase 
the amount of flexibility inherent in a system. By doing so, stresses will be minimized 
and the distribution of stresses will be better balanced. Directional changes, like 
loops and offsets, can be positioned in a horizontal or vertical configuration. Like 
the two-elbow offset, they also can be rotated at any angle. An elbow used in this 
fashion is sometimes referred to as freely floating. 
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FIGURE B13.74 A patented subassembly of a double containment system incorporating *'in- 
ternal-flexibility" by means of specialized elements that maximize flexibility of the carrier compo- 
nents and minimize stresses and the resulting strains on the subassembly components. The 
commercially licensed arrangement for thermoplastic systems is sold under the trade name 
Rionflex™. (U.S. Patents: 5,482,088, 5,715,587, 5,690,148, 5,452,922, 5,901,753; 5,862,834, 
5,197,518; others may apply; further patents pending; Orion Fittings, Inc.) 


Figure B13.74 illustrates the important aspects of a patented directional change 
assembly designed to accommodate large-magnitude differential expansion and 
contraction in a double containment piping system. 

Two major design considerations are involved when using an elbow to accommo- 
date thermal expansion and contraction. The first involves whether or not an inner 
elbow will come in contact with its associated outer elbow due to differential 
movements of the two systems. If they do contact each other, substantial stresses 
may develop in both primary and secondary containment components, which may 
lead to a premature double failure. To determine if this is possible, and thus if 
sufficient space exists, a dimensional analysis must be conducted. 

A second major design issue involves the closest point of lateral restraint from 
the inner or outer elbow. Each elbow that requires movement must have its closest 
points of lateral restraint on each side far enough away so that adequate flexibility 
is provided to the elbow. The closest point that will provide lateral restraint to a 
primary-pipe elbow is where inner and outer components come in contact with 
each other whenever they are allowed to do so. If a system is designed such that 
inner and outer component contact is prevented through adequate annular space, 
the interstitial support that is closest to the elbow on each side will become the 
point of closest lateral restraint in most applications. There are interstitial supports 
that do not function as points of lateral restraint in horizontally positioned systems, 
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FIGURE B13.75 A patented double containment expansion loop subassembly incorporating ‘‘in- 
ternal-flexibility" by means of specialized elements that maximize flexibility of the carrier compo- 
nents and minimize stresses and the resulting strains on the subassembly components. The commer- 
cially licensed arrangement for thermoplastic systems is sold under the trade name Rionflex™. (U.S. 
Patents: 5,482,088, 5,715,587, 5,690,148, 5,452,922, 5,901,753; 5,862,834, 5,197,518; others may apply; 
further patents pending; Orion Fittings, Inc.) 


which is referred to as a flexibility support. An example is illustrated in Fig. B13.25 
and Fig. B13.26. 

The analysis of aboveground secondary containment elbows may be treated 
similarly to the way that aboveground single-wall-piping elbows are. However, the 
added rigidity that interstitial supports provide, in terms of adding resistance to 
bending, must be included in any design. If a system is permanently and rigidly 
interconnected with frequency (i.e., a simultaneously fused system or a restrained- 
fitting RTRP system), there will be greatly added resistance to bending for the 
secondary containment elbows. Underground, direct-buried piping is substantially 
restrained from moving in most cases. 


Expansion Loop Design for Double Containment Pipes. Where other methods 
are not suitable, expansion loops offer an alternative method to compensate for 
thermal expansion and contraction. Loops may be positioned vertically or horizon- 
tally and may vary in configuration. They may be used in horizontal or vertical 
piping sections. One conventional approach for calculating the size of an expansion 
loop in a single-walled pipe is by using the guided-cantilever-beam theory. This 
approach assumes that piping demonstrates substantial elasticity and assumes lim- 
ited piping rotation of the ends of each straight run. It also assumes that the loop 
consists of two cantilever beams, each with one end fixed and concentrated loads 
applied at their free ends. Figure B13.75 shows a standard four-elbow 90°-expansion 
loop in a double containment piping system. Figure B13.76 illustrates an expansion 
loop assembly involving four 45? elbows. 


Expansion Offset Design for Double Containment Piping. An expansion offset 
assembly is very similar to an expansion loop. The design requires the same general 
rules applied to expansion loop design sizing. Expansion offsets can also be posi- 
tioned in either a horizontal or vertical configuration. The conventional method 
for calculating the size of expansion offsets in a single-walled pipe is by the use of the 
guided-cantilever-beam theory. This approach assumes that the piping demonstrates 
substantial elasticity and assumes the ends of the pipe are restrained against rotation. 
It also assumes that a pipe offset behaves as a cantilever beam, with one end fixed 
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FIGURE B13.76 Variation of the patented expansion loop subassembly shown in Figure B13.77 
whereby 45? elbows are used in place of 90? elbows to minimize horizontal laying width. This type 
of arrangement is often preferred for gravity-drain systems. The commercially licensed arrangement 
for thermoplastic systems is sold under the trade name Rionflex™. (U.S. Patents: 5,482,088, 5,715,587, 
5,690,148, 5,452,922, 5,901,753; 5,862,834, 5,197,518; others may apply; further patents pending; Orion 
Fittings, Inc.) 


and a concentrated load applied at its free end. Figure B13.77 illustrates an example 
of an expansion offset in a double containment piping system. 


Installation-Related Layout Issues for Nonpressure and Pressure 
Piping Systems 


Types of Secondary Closures and Their Locations. Secondary closures consist of 
closures that are used to seal gaps remaining in a secondary containment piping 
system assembled using a staggered joining sequence in order to complete a contain- 
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FIGURE B13.77 An example of a Z-bend offset subassembly of a double containment system 
incorporating "internal-flexibility" by means of specialized elements that maximize flexibility of the 
carrier components and minimize stresses and the resulting strains on the subassembly components. 
The commercially licensed arrangement for thermoplastic systems is sold under the trade name 
Rionflex™. (U.S. Patents: 5,482,088, 5,715,587, 5,690,148, 5,452,922, 5,901,753; 5,862,834, 5,197,518; 
others may apply; further patents pending; Orion Fittings, Inc.) 
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FIGURE B13.78a Illustration of a gap in a double-containment pipe. (Source: 
Guardian division of Eslon Thermoplastics, Inc.) 


ment casing. Many secondary closure methods exist; however, they may be divided 
into two basic types: end-type closures (terminations) and midline closures. 

End closures are described earlier in this chapter; midline-type secondary clo- 
sures are discussed here. Midline closures are required whenever a gap exists either 
in a straight pipe section or in a secondary containment fitting. They are applicable 
mainly to systems where staggered welding is used as the sequence for joining and 
whenever sections are prefabricated. A gap in straight pipe section of a secondary 
containment pipe requiring a midline secondary closure is illustrated in Fig. B13.78. 
This type of gap exists for systems that use a staggered joining sequence. 

There are a many options to complete containment casings where such a gap 


FIGURE B13.78b Shown here is the tubular slip-coupling after it is 
telescoped into position and welded on both ends to close the gap. 
(Guardian Division of Eslon Thermoplastics, Inc.) 
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Fa CLAM—SHELL COUPLING 


FIGURE B13.79 Cross-sectional view of an assembled clam-shell coupling. 


exists in straight pipe sections. Four basic welded (bonded) types include: (1) split- 
pipe sections or clam-shell couplings, (2) weld wraps, (3) sheet wraps, and (4) slip 
couplings. These four types are illustrated in their as-installed condition, designed 
to close a midline gap, in Figs. B13.79 through B13.82. Figure B13.83 is a photograph 
of a slip coupling being installed into an 8-in (200 mm) nominal-diameter secondary 
containment polyolefin pipe. 

When secondary fittings are manufactured in two halves as clam-shell fittings, 
they can also serve as the point of closure in the jacket in lieu of, or in-addition 
to, having gaps in the straight pipe sections. Examples of fiberglass clam-shell fittings 
are shown in Fig. B13.84. 


Simultaneous Fusion 


An alternative sequence of constructing a double containment piping assembly is 
termed simultaneous fusion and pertains only to systems composed of thermoplastic 
piping inner and outer components. Simultaneous fusion is most readily applied to 
heat-element-based butt-fusion-based thermoplastic systems due to the ability to 


WELD—WRAP * 
7' DIA TUBING x .187 3 PIPE 
WALL THICKNESS 


FIGURE B13.80 Cross-sectional view of a weld-wrap assembly. 
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FIGURE B13.81 Cross-sectional view of an assembled sheet wrap. 


combine primary and secondary containment pipe sizes that are relatively close in 
diameter. The method can also be applied to small-diameter heat-element-based 
socket-fusion systems and solvent-cement-based socket systems. However, the nec- 
essary tools are not readily available, and if they were, it would be difficult to 
get them. 

The object of any simultaneous fusion system is to prepare both primary and 
secondary containment components so that they are permanently fixed to each 
other and can thus be joined to a mating set of components. In some systems, 
simultaneous fusion can be used to join 100 percent of all components involved in 
the piping system. It can also be selectively used for situations where staggered 
welding is the primary method, in lieu of using secondary closures. Simultaneous 
fusion can substantially reduce overall labor involved on a project, unless primary 
piping joints leak upon initial pressure test. However, the inspection of primary 
welds is substantially limited, and the method is best suited for applications where 
a flexible (unrestrained) layout is not required. A simultaneously welded system 
will typically result in a structurally more rigid assembly. 

Simultaneous fusion is more easily applied to systems that have identical primary 
and secondary containment materials. If a heat-element butt-fusion-based system 
is used, the materials should have a welding temperature range that overlaps and 
specific welding pressures that are nearly the same. 

The procedure for simultaneous fusion is illustrated in Figs. B13.85a through 
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FIGURE B13.82  Cross-sectional view of an assembled slip-coupling. 
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FIGURE B13.83 A tubular slip-coupling is bonded to the secondary 
containment coupling using hot-air welding in a thermoplastic double 
containment piping system. (Grewe Plastics) 


B13.85]. The single most important consideration in performing simultaneous fusion 
is that the components should be prefabricated so that they align on the same plane 
at their ends; the alignment must occur within very close tolerances (< 5% of 
diameter). The standards according to DIN, and accepted worldwide, requires 
that thermoplastic butt-fusion pipes be aligned to within 10 percent of their wall 
thicknesses in terms of their diametrical alignment. Therefore, the use of thick- 
walled pipes (SDR 17.6 or thicker) as the material of the primary pipes for primary 
pipes 8-in nominal diameter (approximately 200 mm ISO 161/1 outside diameter) 
and below is highly recommended. 
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FIGURE B13.84 Example of typical RTRP “clamshell” couplings and fittings. (Smith Fiberglass 
Products Co.) 
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FIGURE B13.85a Position the primary pipes in 
place. 


FIGURE B13.85b Position the interstitial center- 
ing supports in place approximately one inch from 
the end of the primary pipe. 


FIGURE B13.85c Weld the interstitial supports to 
the exterior of the primary pipe. 


FIGURE B13.85d Slip the secondary pipe over 
the primary pipe interstitial supports. 
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FIGURE B13.85e Weld the interstitial supports 
to the D of the secondary-containment pipe. 


PLANING UNIT 


FIGURE B13.85f Plane the ends of the pipes to 
be sure that they are parallel and to expose a clean 
surface for welding. 


ALIGNMENT 


FIGURE B13.85g Check the alignment of the pri- 
mary pipe after planing. 


HEATING ELEMENT 


FIGURE B13.85h Position the heating element 
in place. 
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FIGURE B13.85i Bring the pipes up to the heating 
element under the specified initial weld pressure. 
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FIGURE B13.85j Allow the pipes to heat 
up for the required heating duration. 
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FIGURE B13.85k Remove the heater plate 
and bring the pipes together using the specified 
final weld pressure. 


FIGURE B13.851 The illustration shows the 
final appearance of the joint section. 
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Secondary Containment of Valves in Double Containment Piping Systems 


Valves present unique layout concerns for double containment piping systems. By 
their nature, they are designed to be operating mechanical devices. Their operation 
can be either by manual or some automatic means (i.e., pneumatic or electrical 
operation). Either way, they require a considerable degree of access for either 
operation or maintenance purposes. Various valve types commonly encountered 
in chemical piping are discussed in this section, along with their associated lay- 
out alternatives. 

Wherever possible, valve use should be maintained outside zones of pressurized 
secondary containment. By maintaining valves and other high-maintenance- 
operating mechanical items outside zones of secondary containment, added system 
complexity may be avoided. Whenever a valve must be added to a primary pipe 
system that is required to have pressurized secondary containment, there will be 
added expense. The added expense arises from the need to contain the valve in 
such a manner so as to enable ready access to its secondary containment housing, 
yet maintain its containment in a pressure-tight manner between times when access 
is required. Since valves are common sources of leaks and vapor emissions, addi- 
tional and frequent maintenance of a double containment piping system will be 
required due to the increase in detected leaks. Thus it is much simpler and more 
cost effective to maintain a primary-pipe-system valve outside a zone of pressurized 
secondary containment. 

Valves may still be secondarily contained; they just cannot be easily and inexpen- 
sively housed and still meet the necessary requirements. A common way to provide 
containment for such a valve is by the use of a lined or coated concrete dike, berm, 
or building floor in an aboveground application and by the use of a lined or coated 
concrete sump or accessible manhole in an underground application. 

Valves may also be required as part of the secondary containment piping system 
(i.e., vent and drain valves, leak-detection and instrumentation isolation valves, 
etc.). These valves are usually small diameter (« 2 in, 63 mm) and of the quarter- 
turn (on-off) variety. They are usually not required to be contained; however, as 
part of an underground system, they must be positioned inside a concrete housing 
(which does not normally have to be lined) in order to be accessed and operated 
and to prevent their being directly buried. 


Multiple Primary Pipe and Common Secondary Containment Pipe Systems 


Multiple primary pipe systems (housed within a common secondary containment 
pipe) present additional layout complications beyond the ordinary complications 
discussed in this chapter for a single-walled pipe within a single secondary contain- 
ment pipe. Many of the complications arise from the increased importance of the 
orientation of the primary pipes within the common secondary containment pipe. 
In such systems, the following factors have to be well thought out: (1) secondary 
containment sections must be initiated; (2) primary pipes have to follow bends; (3) 
in some systems they pick up branches along the way; and (4) secondary containment 
sections are eventually terminated. Throughout a system of this type, the pipes 
must maintain their relative positions within the cross-sectional plane. 

Multiple pipe systems by their nature require additional detailed drawings to 
be prepared, as compared to single primary piping double containment systems. 
This is due to the fact that there are many more details to consider in order to 
create a successfully installed system. The details should include enough information 
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to determine the method and spacing of supporting devices, termination and initia- 
tion arrangements and parts, welds (bonds) at each of these areas, and any other 
instructions the fabricator might need. The additional costs of fabrication, engi- 
neering, and capital costs of enlarged secondary containment pipes make multiple- 
pipe systems more expensive than running a series of individually contained primary 
pipes, in many situations. They also tend to be difficult to repair or modify. There- 
fore, secondary containment of multiple pipes should only be considered where 
space is limited. Common secondary containment of underground multiple pipes 
may be better accomplished with the use of lined tunnels (manways or walkways) 
or lined trenches. An example of a common secondary containment trench designed 
to house multiple primary pipes is shown in Fig. B13.67. 


Rotation in Multiple Primary Pipe and Common Secondary Containment Pipe 
Systems. An issue that arises in the design and layout of multiple primary pipe 
systems is called rotation. In rotation of multiple primary pipe systems, the pipes 
change their relative orientation in the cross section of the bundle after a change 
in direction. This will occur whenever a vertical pipe directional change occurs, 
followed by a perpendicular change in direction. This is illustrated in Fig. B13.86. 
If each of the four lines is followed, it can be noticed that they all change orientation. 


FIGURE B13.86 Example of “rotation” in a multiple 
carrier pipe system. Note that the relative orientation 
of “a” through “d“ change after undergoing two 
changes of directions. (Reprinted with permission from 
Chemical Engineering, Sept. 1991, Copyright 1991, by 
McGraw-Hill, Inc. with all rights reserved). 
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FIGURE B13.87 Rotation in multiple pipe systems can be corrected by 
the addition of an additional elbow in some circumstances. Note how the 
overall orientation of (a) through (d) remain the same after the addition 
ofthe third elbow. (Reprinted with permission from Chemical Engineering, 
Sept. 1991, Copyright 1991, by McGraw-Hill, Inc. with all rights reserved). 


Rotation in and of itself is not a bad situation. However, it can be an undesirable 
feature if the carrier pipes are to maintain their original positions, due to equipment 
connections, maintaining positions for branch connections, et cetera. To prevent 
rotation, a third elbow can be added into the system, as illustrated in Fig. B13.87. 


LEAK DETECTION METHODS 
AND REQUIREMENTS 


Overview of Leak Detection 


Leak detection is one of the most important aspects of double containment piping 
and double-walled tank systems. Without an effective and reliable means to sense 
that a leak has occurred, the additional protection otherwise added by means of 
providing secondary containment may be compromised. Once a fluid leaks into an 
annulus of a pipe or the interstice of a tank, there is no longer any means to contain 
the leaked fluid secondarily; only a primary means of containment exists at that 
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point, that is, unless tertiary containment has been incorporated into a system design 
(e.g., placing the double-walled pipe or tank into a tertiary concrete structure). 

Left undetected, a fluid may have a chance to corrode through its secondary 
containment casing, or may find its way through defects in the containment to the 
surrounding environment. It is important that a leak be detected as early as possible 
so that any chance of fluid escaping to the surrounding environment is minimized. 
A system whose leaks are detected early can be repaired right away and quickly 
returned to its original safe working condition. 

Both single-walled and double containment piping systems may be monitored 
for leaks by a wide variety of methods. There are likewise numerous methods to 
detect leaks that originate from single-walled or double-walled tanks and vessels. 
Both double containment piping and any associated tanks and vessels can be 
equipped with automatic sensing mechanisms to continuously monitor and activate 
an alarm as soon as system upset occurs. Alternatively, manual and visual leak 
detection methods may be incorporated by adding the necessary components into 
the design of a system. In addition to interstitial monitoring, there are both internal 
methods and external methods that exist to monitor for leaks, although most of 
these methods work best for tanks (as opposed to pipes). More than one method 
of leak detection may be used as a means of redundancy. 

The successful implementation of any leak detection system is related to many 
different aspects of the design and installation of a piping and associated tank 
system. On any given project, it is essential that leak detection be considered from 
the conceptual phase of the project. By doing so, any needed design details or 
installation procedures may be taken into account from the start and carefully 
coordinated. When a project follows this practice, costly design changes and con- 
struction delays or problems can be avoided. The best overall result is achieved 
when leak-detection decisions are considered from the very start of a project. 


Leak Detection Cable Systems 


Continuous line-leak-sensing and locating systems, commonly referred to as leak 
detection cable, have been installed in many double-containment piping systems. 
The appeal of leak detection cable is that approximate locations of leaks can be 
sensed early after a leak occurs. Several types exist, each based upon the continuous 
measurement of an energy source, thereby monitoring for changes in the energy 
source behavior. The two most common methods include: (1) conductance (resis- 
tance) -based cable systems, whereby the conductance (resistance) of an electrical 
signal is continuously measured; and (2) impedance-based systems, also referred 
to as TDR (time-domain-reflectometry) systems, whereby the impedance of an 
energy pulse wavelength is continuously monitored against a set pattern to detect 
changes. Each has subtle differences and capabilities; both are capable of performing 
their desired functions, namely, determining the approximate location of a leak 
and alarming a user as to its existence. 

In one type of conductance-based cable, which is intended to sense conductive 
fluids, an electrical current is short circuited when a fluid bridges a gap between 
sensor and signal wires. Resistance monitoring is a straight-forward concept that 
applies Ohm's law to determine the location of a short. It is a method that can 
immediately sense small leaks, even over relatively long lengths of cable. Thus it 
has relatively sensitive reporting capabilities and is a well-proved technology. Unless 
condensation is eliminated or controlled, versions of conductivity-based cable which 
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is designed to detect conductive fluids will report false leak signals due to its sensi- 
tivity. 

Impedance-based (TDR) leak-detection cable technology is based on the mea- 
surement of the impedance of an energy pulse and is similar in concept to radar 
technology. It has the subtle advantage of locating multiple leaks if a prior leak is 
of small magnitude and confined to a local area. Impedance-based systems compare 
favorably with conductance-based systems, although impedance methods lack some 
of the precision inherent in resistance-based methods. This is particularly true if a 
leak occurs at the far end of a long length of cable. 

Thus, both types of cable technologies have subtle differences that could prove 
useful for a given design condition. For instance, it was mentioned that conductance- 
based cables have the ability to detect very small leaks (some are capable of signaling 
a leak with < 0.25 in of cable length wetted, when fully immersed), thereby aiding 
in early detection of a leak. The ability to detect a leak early can help to limit the 
total quantity of a leak (release). Accordingly, the amount of work to repair a 
piping system could be kept to a smaller scope. If a leak were to remain undetected 
for a longer time, there is greater potential for more work to be involved in the 
repair of the system. 

A unique feature of TDR-based technology is the ability to detect multiple 
leaks. This feature is interesting, but there are limited applications where it is of 
benefit. To continue to operate a double containment piping system once a leak 
has been detected is a somewhat self-defeating practice for the concept of double 
containment. Good operating practices suggest that a system be immediately re- 
paired upon the detection of a leak. In fact, RCRA requirements in the United 
States would not allow a user to continue to operate a regulated system once an 
initial leak has been detected. 

In order for a TDR-based cable to detect a second leak once the first has 
occurred, the system must map over the first leak. When this occurs, the cable 
sensing system is subject to a signal-attenuation effect, which will lead to a reduced 
sensitivity. Figure B13.88 graphically shows this effect, based upon a first leak at 
150 ft down a TDR cable's length. The sensitivity of the TDR cable, as measured 
by an amount of wetted cable required to create an alarm condition, depends on 
the magnitude of the mapped-over leak, as shown in Fig. B13.88. However, it also 
depends on the distance of the first leak from the source of the signal. Sensitivity 
values will improve for TDR-based sensor cables exposed to fluids at less than the 
effective range; alternatively stated, this also means that sensitivity will lessen as 
cables are exposed to fluids at greater than the effective range. 

Leaks that occur in a near-simultaneous manner could be detected using map- 
ping-over techniques in a TDR-based system. However, it is very rare for multiple 
leaks to occur simultaneously once hydrostatic testing has been concluded. The 
time when multiple leaks may be reasonably expected to occur is during an initial 
primary-pipe hydrostatic test. Thus, having a cable of this type in place during initial 
pressure testing might be desirable. However, cable systems are not recommended to 
be installed prior to, or during, a hydrostatic-pressure test, according to manufactur- 
ers of both resistance-based and TDR-based sensing cables. Pull cable should always 
be installed first and left in place during pressure testing. Only upon completion 
of all testing should actual cable be installed. Thus, the ability to detect multiple 
leaks is of little real benefit. 

Another difference between the two cable technologies involves their sensitivity 
in detecting a first leak, in relation to their overall length. For resistance-based 
systems, sensitivity is nearly constant over the full length of a cable, even for very 
long lengths (> 1000 ft). Sensitivities of TDR-based cables do vary according to 
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FIGURE B13.88 Response of a typical TDR-based cable to a second leak, based upon a first leak 
that occurs 150 ft away. Data is shown for a leak that spreads 3 ft, and for one that spreads 6 ft. 
First leak data is shown for comparison. (Source: Based on test data supplied by Raychem Corp.) 


length, however. The farther down the length of cable, the greater the wetted length 
of cable required to create an alarm condition, due to signal attenuation. For a 
long pipeline (71000 ft), this effect can be significant, as illustrated by Fig. B13.89. 

Both resistance-based and TDR-based cable sensing systems claim an accuracy 
in detecting leak location to within plus or minus 1 percent of the total cable length, 
or 5 ft, whichever is greater. Accuracy of leak location is functionally different from 
cable sensitivity. In assessing the performance capability of a leak detection cable 
system, one needs to consider both the claimed accuracy and the sensitivity of the 
cable to obtain a complete picture. 

Installation of leak detection cable requires carefully planned coordination with 
other aspects of the piping system installation or associated tanks. It also requires 
that close inspection and control practices be followed during an installation. These 
functions can either be provided by outside inspectors or by the installers of the 
cable systems, provided they receive adequate training. Each detail must be carefully 
considered, both in the engineering design and during the installation process. 
Detailed requirements should be clearly described in project plans and specifica- 
tions. 


Leak Detection Cable System Component Detail. There are many individual 
components that collectively make up a continuous sensing cable system. The exact 
design of components varies by manufacturer, and not all systems require the same 
type of components. For instance, some cable manufacturers do not use connectors 
to install straight lengths of cable. Instead, they use continuous cable spliced together 
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FIGURE B13.89 Sensitivity of a typical TDR-based cable based on the length down the cable 
where a leak occurs. (Source: Based on test data supplied by Raychem Corp.) 


at the ends. Examples of a variety of cable constructions are illustrated in Fig. 
B13.90 and Fig. B13.91. 

The major components that may be encountered in any leak-detection cable 
system, aside from the alarm panel, consist of: (1) cable, (2) jumper cable, (3) 
jumper feedthrough fitting, (4) feedthrough assembly, (5) branch connector, and 
(6) termination device. All cable systems utilize cable, jumper cable, and some type 
of jumper feedthrough fitting. However, the actual design of the components varies 
considerably from manufacturer to manufacturer. 


Probe Monitoring Systems 


Continuity 


Leak detection may be effectively pro- inuity — 
Monitoring Wire (red) 


vided by dividing a double containment 
piping system's annulus into separate, 
isolated leak detection compartments. 
Each compartment may then be moni- 
tored with some form of probe measur- 
ing device. The types of probes typically 
used include: (1) liquid level sensing, (2) 
moisture detection, (3) vapor detection, 
(4) conductivity and resistivity, (5) pH 
measurement, (6) pressure sensing, (7) 
flow measurement (primary piping), (8) 


Semiconductive Jacketed 
Sensing Wires (black) 


Signal Wire (yellow) 


density measurement, (9) wavelengths 
(light, radar, and sonar), (10) motion de- 
tection, and (11) others. While providing 
compartments in an annulus may be 


FIGURE B13.90a Example of the construc- 
tion of a typical conductance-based leak-detec- 
tion cable, which is specific to conductive fluids. 
(Source: Raychem Corp.) 
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systems follow complex, branching pipelines. 

FIGURE B13.90b Example of the construction of a typical 


conductance-based leak-detection cable that is specific to 
nonconductive fluids. (Source: Raychem Corp.) 


Continuity 


the most efficient means of incorporating a point probe-based detection system, 
it is not the only approach. Point-probe systems may also be used in a system 
designed with a continuous annulus, although the ability to locate a leak reasonably 


is significantly less. 


Normally, probes are housed within a branch outlet, or reducing-branch outlet, 
which is provided in the secondary containment pipe. Examples of possible arrange- 
ments are shown in Figs. B13.92 and B13.93. Such arrangements often function as 
a means to house a probe, in addition to functioning as a combination low-point 
drain (high-point vent) and manual detection point. Normally, probe systems are 
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FIGURE B13.91a Example of the construc- 
tion of a TDR-based cable designed to detect 
corrosive chemicals. (Source: Midwesco) 
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FIGURE B13.91b Example of the construc- 
tion of a TDR-based cable designed to detect 
hydrocarbons. (Source: Midwesco) 
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more readily applied to aboveground 
systems. In underground systems, 
probes can be attached at manhole loca- 
tions using the branch arrangement illus- 
trated in Fig. B13.93, immediately after 
piping-manhole penetration. 


Liquid Level Sensing. Detection of a 
fixed level of liquid is among the simplest 
probe systems to design and implement 
in a double containment piping system. 
A liquid level system will function in 
a very reliable manner to detect leaks. 
However, it will not distinguish between 
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FIGURE B13.91c Example of the construc- 
tion of a TDR-based cable designed to detect 
water and hydrocarbon fluids in addition to 
steam and hot water up to 400?F. (Source: 
Midwesco) 


water (including groundwater or con- 
densate) and service fluids. In this type 
of system it is important to have a pressure-tight annulus and to eliminate condensa- 
tion by providing a moisture-free inert gas in the annulus (both items are important 
for most methods of sensing leaks). A liquid level detection system can be imple- 
mented by installing a liquid level measuring device in a vertically positioned dropleg 
branch, as shown in Figs. B13.92 and B13.93, or in low-point sumps such as those 
shown in Figs. B13.94 through B13.97. 

A liquid level probe (or probes) may be connected to an alarm panel that signals 
an alarm when a specified level of liquid is detected. The system is good for 
establishing a leak in a certain zone of an annulus. It will not allow the source of 
a leak to be specifically identified within a leak zone, however. Also, it is not 
designed to detect small leaks quickly caused by a spraying but will rapidly respond 
to major leaks. A liquid level sensing system may be coupled with other types of 
probes to distinguish between types of fluids, resulting in a very effective overall 
approach to detecting leaks. 


Moisture Detection. Moisture probes are useful for detecting the presence of 
groundwater or service fluids that have a high water content. There is a wide variety 
of types of probes available; the sensitivities of available probes vary widely. The 
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FIGURE B13.92 Illustration of a downward-positioned probe at- 
tachment for a horizontally mounted liquid-level sensor future at- 
tachment. 
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FIGURE B13.93 Illustration of a probe attachment in a manhole location. 


wide range of moisture probe styles available allows a system designer to select a 
customized system designed for a specific application. 

A moisture probe system can be implemented by installing a moisture measuring 
device in a vertically positioned drop-leg branch. A branch for a probe of this type 
need not be at the 6 o'clock position of an annulus. Most sensitive probes can be 
positioned at the 12 o'clock position of an annulus, since they detect fine vapors. 

A moisture probe (or probes) may be connected to an alarm panel that signals 
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FIGURE B13.94 Illustration of a typical under- 
ground vertical leak detection probe sump. (Orion 
Fittings, Inc.) 
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FIGURE B13.95 Example of a low-point leak de- 
tection sump in a plastic gravity drain system. (From 
“Handbook of Double Containment Piping Sys- 
tems," C. Ziu, McGraw-Hill, New York, 1995.) 
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FIGURE B13.96 Example of a low-point leak-detec- 
tion sump in a plastic gravity drain system. 
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FIGURE B13.97 Example of a low-point leak-detection sump in a metallic fuel oil system. 


when a change in moisture content of the annular space is detected. Such a system 
is good for verifying that a leak of a primary service fluid has occurred in a certain 
zone of the annulus. It will not allow the position of a leak to be specifically located 
within a leak zone. However, it can be good for detecting small leaks if the probe 
used is highly sensitive. 


Vapor Detection. Vapor detection systems are very similar to moisture detection 
systems, except that vapor probes detect volatile chemicals other than water. This 
type of probe is normally designed to detect fluids that have high vapor pressures, 
including organic chemicals, halogens, and other chemicals that are relatively vola- 
tile. There are many types of vapor probes available with varying values of sensitiv- 
ity. The type of organic chemical being carried in a primary piping system will 
determine the type of probe that should be selected for any given application. The 
sensitivity of the probe to be selected is based upon the type of leak to be detected 
(e.g., small leak versus major leak), although most vapor probes tend to be highly 
sensitive compared to other forms of leak detection. When an earlier response is 
desired, a probe that has a greater sensitivity is desirable. 


Conductivity (Resistivity) Measurement. The conductivity or resistivity of an an- 
nular space can be measured to detect whether a leak has occurred. This type of 
probe measurement system is most effectively used in conjunction with a liquid 
level or pressure sensing system as a means of classifying the type of fluid being 
sensed. In such an arrangement, liquid-level or pressure monitoring may be used 
as the primary system to detect the presence of fluids. The conductivity (resistivity) 
probe will then help to distinguish between water from groundwater or condensation 
and the service fluid (which must be of the conductive type), based on a change in 
conductivity. Conductive fluids include such fluids as acids, bases, salts, other organic 
chemicals, and a host of polar and semipolar organic solvents. Conductivity probes 
have also been used as the sole means of detection for double containment pip- 
ing systems. 

Conductivity probe systems can be incorporated into a double containment pipe 
annulus by installing a conductivity measuring device in a vertically positioned 
drop-leg branch or low point sump. The probe (or probes) may then be connected 
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to a computer or recording device to record the conductivity continually, or may 
be directly connected to an audio alarm. Monitoring conductivity is good for identi- 
fying the fluid that has leaked but can also be used as the sole means to sense for 
leaks. Conductivity probes can detect small leaks in addition to major leaks. In a 
very general sense, leak detection cable is a form of conductivity (resistivity) probe. 
This is not the primary purpose of leak detection cable, but it has been used in 
this manner. Therefore, a short section of leak detection cable could theoretically 
be used as part of a point sensing approach. 


pH Probes. A pH measurement probe functions in much the same way as a 
conductivity (resistivity) measurement system. However, pH measurement is limited 
to detection of acids or bases as only this type of chemical can be measured in 
terms of pH. Since pH measuring devices are mostly designed to function in a 
wetted capacity, they normally are used as a secondary means of detection, in 
combination with some other type of probe. A pH probe system can be implemented 
by installing a pH measuring device in a vertically positioned drop-leg branch or 
low point sump. The probe (or probes) may be connected to an alarm panel that 
signals when a change in pH is detected. The system is good for classifying whether 
a leak of a primary service fluid has occurred in a certain annular zone by reporting 
its pH value. It will not allow a leak's location to be specifically identified within 
a given leak zone. It is best used in conjunction with some other leak detection 
method. 


Flow Measurement. A change in flow of primary piping may be related to the 
possibility that a leak has occurred. The means for accomplishing flow monitoring 
is to place a flow measuring device at the beginning and end of the piping system. 
If the flow of the primary pipe changes by more than a set amount, an alarm can 
be sounded. This method is good for detecting large leaks. However, it may not 
detect a fine spraying of fluid, such as would initially occur in a ductile material 
that is subject to stress cracking (e. g., polypropylene). Flow measurement can be 
very effective when used in conjunction with other methods. 


Pressure Sensing. The pressure of an annular space can be measured to determine 
changes in pressure. A pressure change can be used to determine whether primary 
or secondary containment has been breached, making it a very useful form of 
monitoring. The value and sign of the pressure change depend on the relative 
pressures of the annular space, the primary (core) pipe, and the pressure of the 
surrounding local atmosphere. For pressurized primary piping systems, a failure of 
the primary piping systems can be detected by a pressure rise in its annular space 
(assuming the annular space is maintained under a lower pressure than its primary 
pipe). In pressure piping systems where a positive pressure is maintained in its 
annular space, at an intermediate pressure between the primary pressure and the 
external environment, a drop in annular pressure will reflect a failure (breach) of 
the secondary containment system. 

For drainage systems that maintain an annular space under a positive pressure, 
a pressure drop can signal a leak in the primary piping. However, a pressure drop 
in this type of system could also mean that the secondary containment has been 
breached. Therefore, a further investigation has to be made, unless a separate probe 
is added to provide additional information as to the origin of the leak. 

Gas that is maintained under a low pressure tends to find its way out of threads, 
valve seals, et cetera over a period of time. Therefore, some loss of gas could 
occasionally be expected from secondary containment threaded joints, and resulting 
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false (low-point) alarms triggered. This must be taken into account in operational 
training procedures so that false alarms do not lead to a leak detection system's 
being ignored. 

The pressure of a primary piping system can also be monitored. A substantial 
drop in primary piping pressure will often mean that a leak has occurred somewhere 
over its length. This type of approach is useful for detecting large leaks. 

The pressure of a double-walled tank's interstitial space can also be measured 
to determine if changes in pressure of a contained gas or liquid (e.g., brine) occur. 
The value and sign of the pressure change depend on the relative pressures of the 
interstitial space, the primary tank, and the pressure of the external atmosphere. 
Most double-walled tanks are for low-pressure service. Therefore, it may be difficult 
to distinguish between a breach of primary or a secondary containment of a double- 
walled tank in most applications. 


Manual/Visual Monitoring Methods 


Noncontinuous sensing of double containment piping systems includes those meth- 
ods that do not involve the incorporation of any type of continuous measuring 
device, or instrument, to the secondary containment piping system. The three main 
categories of noncontinuous sensing include manual detection, visual detection, and 
periodic annular pressure monitoring. 

Manual detection typically is accomplished by adding valves to a secondary 
containment piping system at various low points in its annulus. The low-point valves 
can be occasionally opened to detect the presence of fluids. Such valves are normally 
positioned on drip legs, usually at each low point and other intermediate points of 
the double-containment piping system annulus. 

Manual leak-detection methods are only effective when used as part of a regular 
inspection program where the system is routinely inspected. Manual systems serve 
as a very effective secondary means of leak detection, used in conjunction with any 
other method or methods. It is usually a built-in feature to most well-designed 
systems, where appropriate low-point drains are provided. 


Visual Detection Methods. Visual detection may be provided in a number of 
ways. It can be provided for the entire secondary containment piping system or 
any partial portion. Visual leak detection can be provided by using a transparent 
material (borosilicate glass, clear PVC, etc.) as the outside piping (and fittings where 
applicable). A more practical application involves flanging in a short section of 
clear piping, or providing clear piping or sight glass as part of a secondary contain- 
ment drip-leg branch. Visual containment can also be provided where an open- 
ended secondary containment piping system is used, by observing the end of the 
pipe for fluid leakage. Visual detection is most effectively applied as part of a 
regular inspection program where the system is routinely inspected. Visual leak 
detection systems also serve as a very effective secondary means of leak detection, 
used in combination with any other method. 


Periodic Pressure Monitoring. The pressure of an annulus can be occasionally 
monitored to detect if a leak has occurred. To do so, a pressure gauge (instead of 
a transducer) must be provided in an annulus in at least one position. A typical 
connection for providing a pressure gauge in an annulus is illustrated in Fig. B13.98. 

It may be desirable for some installations to maintain an inert gas under pressure 
and monitor the pressure of the gas. In applications involving pressure-rated primary 
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FIGURE B13.98 Illustration of a pressure tap in a secondary-containment pipe for 
attachment of a pressure gauge. 


piping, the annulus does not have to be maintained under a fixed pressure. A rise 
in pressure will signify that a breach of primary containment has occurred. However, 
it is not possible to detect a breach of secondary containment in such a system, 
unless a fixed pressure is maintained in the annulus. 


Condensation Effects in Annuli 


If air that is warm and relatively humid is introduced into the annulus of a double 
containment piping system prior to final closure, moisture will condense when the 
system is subjected to a colder temperature. This often occurs when a system is 
constructed during the summer season and later subjected to cold winter op- 
erating temperatures. 

Condensation is a common concern among designers and owners-to-be of double 
containment piping systems, and for very good reasons. The principal concern rests 
with the fact that a leak detection system may interpret this action as a false alarm. 
It does depend to some extent on the sensitivity of the leak detection system 
selected. However, no leak detection method is immune to this effect, including 
visual and manual means. Frequent false alarms may subsequently lead to ignoring 
actual alarms on the part of plant operations personnel, a very dangerous practice, 
and one that is self-defeating to the system. Also, metal materials could be subjected 
to various corrosion effects produced by the water (galvanic, pitting, microbiologi- 
cally induced corrosion, etc.). Therefore, there are many reasons to avoid the 
possibility of condensation in an annulus. 

The solution to the condensation dilemma is a simple and inexpensive one. 
Replace the original air with a dry or inert atmosphere. Alternatively, a vacuum 
may be pulled into the annular space, if inner and outer pipe components are 
mechanically strong enough to withstand vacuum conditions. It has been assumed 
by many that this is a very involved and expensive activity. However, if an annulus 
is designed in a leak-tight manner and has been provided with adequate high-point 
vents and drains, this task will actually be one of the least expensive aspects of the 
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TABLE B13.1 Minimum Amount of ft? of N, that Must Be Added to Purge Various 1,000 ft 
Lengths of Double Containment Piping to Achieve a Dew Point of —20°F (—29*C) 


Starting condition 


Size 90°F (32°C)/90% R.H. 80°F (27°C)/80% R.H. 70°F (21°C)/70% R.H. 
1" IPS/2"Sch. 10 1,380 890 550 
1" IPS/3"Sch. 40 3,630 2,340 1,450 
2" IPS/3"Sch. 10 2,360 1,520 950 
2" IPS/4"Sch. 40 4,990 3,220 2,000 
3" IPS/4"Sch. 10 5,790 3,730 2,320 
3" IPS/6"Sch. 40 11,590 7,460 4,650 
4" IPS/6"Sch. 10 9,530 6,130 3,820 
4" IPS/8"Sch. 40 20,530 13,220 8,230 
6" IPS/8"Sch. 10 12,040 7,750 4,830 
6" IPS/10"Sch. 40 26,690 17,190 10,700 
8" IPS/10"Sch. 10 16,160 10,400 6,480 
8" IPS/12"Sch. 40 32,190 20,730 12,910 
10" IPS/12"Sch. 10 17,930 11,540 7,190 
10" IPS/14"Sch. 40 26,770 17,240 10,730 
12" IPS/16"Sch. 40 29,500 18,990 11,830 
12" IPS/18"Sch. 40 57,750 37,180 23,160 


Notes: 

1. Table assumes nitrogen to be completely dry at atmosphere pressure and 70°F, and assumes 100% mixing. 

2. In many applications, a dew point of —20°F is lower than is necessary. A higher design dew point will 
require less nitrogen. 

3. This table assumes 10096 mixing, which yields results that are highly conservative. Actual practice should 
consume less nitrogen. 


entire project. Table B13.1 shows that, for a majority of systems, it takes a relatively 
small amount of nitrogen to decrease the moisture content of a system to the 
equivalent of the saturation level (dew point) at —20°F, a level at which no condensa- 
tion could be expected in most applications. Since bottled nitrogen currently (1994) 
costs approximately $0.14—0.15 (U.S.) per cubic ft when supplied in bottles that 
hold the gas at 2200 psi (150 bar), the cost for nitrogen will typically be less than 
$1000.00 (U.S.). The data assume 100 percent mixing in all cases, which is an 
extremely conservative assumption. 

The discussion in the preceding paragraph is valid for systems where the annular 
space is closed in a leak-tight manner. However, in a system that terminates in an 
open end (including at a manhole entry), natural draft circulation will occur due 
to temperature differences between the gas in the annulus and the outside ambient 
air. This means that moist air eventually will return to the annular space through 
this process. The answer to this dilemma is that the atmosphere should be replaced 
initially, and then periodically recharged with the same dry gas to displace the moist 
air that periodically returns. The period of time for replacing the air will depend 
on the specifics of the climate, the season of the year, and the layout of the system. 
Another alternative is to install an air line at the beginning of the annulus from a 
source that continuously puts out relatively dry air at a pressure slightly higher 
than atmospheric, thereby continually displacing the volume of air in the system. 
This would most likely be an overly conservative and expensive approach for 
most systems, but an alternative none the less. In general, close-ended systems are 
preferable to open-ended systems so recharging can be minimized. 
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Pressure testing is required by most piping codes to verify that a new, modified, 
or repaired piping system is capable of safely withstanding its rated pressure and 
is leak tight. Compliance to piping codes may be mandated by regulatory and 
enforcement agencies, insurance carriers, or the terms of the contract for the con- 
struction of the system. Pressure testing, whether or not legally required, serves 
the useful purpose of protecting workers and the public. 

Pressure testing may also be used to establish a pressure rating for a component 
or special system for which it is not possible to establish a safe rating by calculation. 
A prototype of the component or system is subjected to a gradually increasing 
pressure until measurable yielding first occurs or, alternatively, to the point of 
rupture. Then by using derating factors specified in the code, or the standard, 
appropriate to the component or system, it is possible to establish a design pressure 
rating from the experimental data. 


PIPING CODES 


There are a great many codes and standards relating to piping systems. Refer to 
Chap. A4 for a comprehensive listing and overview of codes and standards for piping 
systems, covering many different applications. Two codes of major importance for 
pressure and leak testing are the ASME B31 (previously called ANSI B31) Pressure 
Piping Code and the ASME Boiler and Pressure Vessel Code. While these two 
codes are applicable to many piping systems, other codes or standards may have 
to be met as required by the authorities, insurance companies, or the owner of 
the system. Examples might be AWWA standards for water transmission and 
distribution system piping. 
The ASME B31 Pressure Piping Code has several sections. They are 


ASME B31.1 for Power Piping 
* ASME B312 for Fuel Gas Piping 
* ASME B31.3 for Process Piping 


ASME B31.4 for Liquid Transportation Systems for Hydrocarbons, Liquid Petro- 
leum Gas, Anhydrous Ammonia, and Alcohols 
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ASME B31.5 for Refrigeration Piping 

ASME B31.8 for Gas Transmission and Distribution Piping Systems 
ASME B31.9 for Building Services Piping 

ANSI/ASME B31.11 for Slurry Transportation Piping Systems 


The ASME Boiler and Pressure Vessel Code also has several sections which 
contain pressure and leak testing requirements for piping systems, pressure vessels, 
and other pressure retaining items. These are 


* Section I for Power Boilers 

* Section III for Nuclear Power Plant Components 

* Section V for Non Destructive Examination 

* Section VIII for Pressure Vessels 

* Section X for Fiberglass Reinforced Plastic Pressure Vessels 

* Section XI for In Service Inspection of Nuclear Power Plant Components 


There is great similarity with respect to the requirements and procedures for 
testing among the many codes. Various leak-testing methods, planning, preparation, 
execution, documentation, and acceptance standards for pressure testing will be 
discussed in this chapter. Equipment, useful for pressure testing, will also be included 
in the discussion. The material that follows should not be considered a substitute 
for a complete knowledge or careful study of the particular code requirement that 
must be used to test a particular piping system. 


LEAK-TESTING METHODS 


There are many different methods for pressure and leak testing in the field. Seven 
of these are 


1. Hydrostatic testing, which uses water or another liquid under pressure 
2. Pneumatic or gaseous-fluid testing, which uses air or another gas under pressure 


3. A combination of pneumatic and hydrostatic testing, where low pressure air is 
first used to detect leaks 


4. Initial service testing, which involves a leakage inspection when the system is 
first put into operation 


5. Vacuum testing, which uses negative pressure to check for the existence of a leak 


6. Static head testing, which is normally done for drain piping with water left in a 
standpipe for a set period of time 


7. Halogen and helium leak detection 


Hydrostatic Leak Testing 


Hydrostatic testing is the preferred leak-testing method and perhaps the most often 
used. The most important reason for this is the relative safety of hydrostatic testing 
compared to pneumatic testing. Water is a much safer fluid test medium than air 
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because it is nearly incompressible. Therefore, the amount of work required to 
compress water to a given pressure in a piping system is substantially less than the 
work required to compress air, or any other gas, to the same pressure. The work 
of compression is stored in the fluid as a potential energy, which could be released 
suddenly in the event of a failure during a pressure test. A calculation of the 
potential energy of air compressed to a pressure of 1000 psig (6900 kPa) compared 
to the potential energy of the same final volume of water at 1000 psig (6900 kPa) 
shows a ratio of over 2500 to 1. Therefore, the potential damage to surrounding 
equipment and personnel resulting from a failure during a pressure test is far more 
serious when using a gaseous test medium. That is not to say that there is no danger 
at all in a hydrostatic leak test. There can be substantial danger in a hydrostatic 
test due to air trapped in the piping. Even if all air is vented from the piping before 
pressurizing, workers are well advised to conduct any high-pressure test with safety 
in mind. 

Hydrostatic testing may not be practical if during normal operation, the piping 
system cannot tolerate traces of water or its residue. An example would be a 
cryogenic system, which operates at a subfreezing temperature for water. The time 
required for removal of all traces of water prior to placing the system into operation 
could impede the startup process. Another example would be piping for a liquid 
sodium system. Traces of water left in the pipe would react violently with the liquid 
sodium. If another convenient-to-use liquid is not available, it may be more practical 
to use pneumatic testing. 

Another disadvantage of hydrostatic testing may be the cost of disposal of the 
water if it has become environmentally contaminated from residue in the piping. 
In addition, it takes more time to fill and empty the system. Furthermore, if the 
system normally operates with a gaseous medium, the piping may not be strong 
enough to support the weight of a liquid test medium without additional tempo- 
rary supports. 

Inspection for leaks is a visual examination of all joints for signs of water. 
The leak-detecting capability of a hydrostatic test is not as good as a pneumatic 
test and is far less sensitive than a properly conducted halide or helium leak 
test. A hydrostatic test is sufficiently sensitive if the system normally operates 
with a liquid. However, if the system normally operates with a gaseous medium 
and slight leakage of this medium is unacceptable, a hydrostatic test may not 
be sufficiently sensitive to detect a slight gas leak. The reason for this is that 
the surface tension of water can act as a barrier to a leakage path that has a 
very small dimension. A gaseous-fluid test medium will leak through a small 
space that water will not pass through because of the surface tension of water. 
If it is sufficient that a system designed to operate a gaseous process is bubble 
tight, pneumatic testing is appropriate. However, if the leakage requirement is 
more stringent than bubble tight, halide or helium leak testing would be required. 
In either case the gaseous test is only more sensitive than the hydrostatic test 
if the system is completely dry at the time of the test. 


Pneumatic Leak Testing 


The fluid normally used for a pneumatic test is compressed air, or nitrogen if the 
source is bottled gas. Nitrogen should not be used in a closed area if the possibility 
exists that the escaping nitrogen could displace the air in the confined space. Persons 
have been known to become unconscious under such circumstances before realizing 
they were short of oxygen. 
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Because of the greater danger of injury with a gaseous test medium, the pressure 
that may be used for visual examination for leaks is lower for some piping codes 
than is the case for a hydrostatic test. For example, for pneumatic tests, ASME 
B31.1 permits the pressure to be reduced to the lower of 100 psig (690 kPa) or the 
design pressure during the examination for leakage. If the pressure required by the 
code is quite high, persons may be barred from the test area and sonic listening 
devices used to search for leaks. However, normally inspection for a leak is done 
with a soapy-water mixture that is applied to the joints and which produces bubbles 
when air is escaping. The applicable code may specify that pneumatic testing can 
only be done with the approval of the owner of the system (for example, ASME 
B31.1 section 137.5.1 and B31.3 section 345.5.1). 


Combination Pneumatic and Hydrostatic Testing 


A low air pressure, most often 25 psig, (175 kPa) is first used to see if there are 
major leaks. This low pressure reduces the danger of personal injury but still enables 
major leaks to be quickly located. Repairs, if needed, can then be done before the 
hydrostatic test. This method can be very effective in saving time, particularly if it 
takes a long time to fill a system with water only to find leaks on the first try. If 
leaks are found in a hydrostatic test, it will take longer to remove the water and 
dry the piping sufficiently to make repairs. 

Hydrostatic-pneumatic leak testing is different from the two-step test in the 
preceding paragraph. In this case the pressure test is conducted with a combination 
of air and water. For example, a pressure vessel designed to contain a process liquid 
with a vapor phase or air above the liquid may have been designed to support the 
weight of liquid to a certain maximum-expected height of liquid. If the vessel was 
not designed to support the weight when completely filled with liquid, it would be 
possible to test this vessel only if it was partially filled with process fluid to a level 
duplicating the effect of the maximum-expected level. 


Initial Service Leak Testing 


This category of testing is limited by the codes to certain situations. For example, 
ASME B31.3 limits the use of this technique to category D fluid service. Category 
D fluid services are defined as nonhazardous to humans and must operate below 
150 psi (1035 kPa) and at temperatures between —20 and 366°F (—29 and 185°C). 
ASME Code B31.1, section 137.7.1, does not allow initial service testing of boiler 
external piping. However, that same section of ASME B31.1 permits initial service 
testing of other piping systems if other types of leak testing are not practical. Initial 
service testing is also applicable to inspection of nuclear power plant components 
by Section XI of the ASME Boiler and Pressure Vessel Code. 

As indicated, this test is usually run when the system is first put into operation. 
The system is gradually raised to normal operating pressure as required in ASME 
B31.1 or design pressure as required in ASME B31.3. It is then maintained at that 
pressure while an examination for leaks is conducted. 


Vacuum Leak Testing 


Vacuum leak testing is an effective way to determine whether or not there is a 
leak anywhere in the system. This is normally done by drawing a vacuum on the 
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system and trapping the vacuum within the system. A leak is indicated if the trapped 
vacuum rises toward atmospheric pressure. A manufacturer of components quite 
often uses this type of leak test as a production leak test. 

However, it is very difficult to determine the location or locations of a leak if 
one exists. Smoke generators have been used to determine the piping location 
where smoke is drawn into the piping. This is very difficult to utilize unless the 
leak is sufficiently great to draw all or most of the smoke into the pipe. If there is 
substantially more smoke generated than can be drawn into the pipe, the smoke 
that dissipates into the surrounding air can easily hide the leak location. 

Obviously, this method is not suitable for testing the piping at or above the 
operating pressure unless the piping is to be operated at a vacuum. 


Static-Head Leak Testing 


This test method is sometimes called a drop test because a drop in the water level 
in the open standpipe, added to the system to create the required pressure, is an 
indication of a leak. Once the system and standpipe is filled with water, the standpipe 
level is measured and noted. After a required hold period, the height is rechecked 
and any decrease in level and the hold period are recorded. Any leak location is 
determined by visual inspection. 


Halogen and Helium Leak Testing 


These test methods use a tracer gas to identify leakage location and leakage quantity. 
In the case of halogen leak detection, the system is charged with halogen gas. A 
halogen detector probe is used to sense leakage of the tracer gas from any exposed 
joint. The halogen leak detector, or sniffer, consists of a tubular probe which sucks 
a mixture of leaking halogen gas and air into an instrument sensitive to small 
amounts of halogen gas. This instrument employs a diode to sense the presence of 
halogen gas. The leaking halogen gas is passed over a heated platinum element 
(the anode). The heated element ionizes the halogen gas. The ions flow to a collector 
plate (the cathode). Current proportional to ion formation rate, and thus to leakage 
flow rate, is indicated by a meter. The halogen detector probe is calibrated using 
an orifice that passes a known leakage flow. The detector probe is passed over the 
orifice at the same rate that will be used to examine the system for leakage. The 
preferred tracer gas is refrigerant 12, but refrigerants 11, 21, 22, 114, or methylene 
chloride may be used. Halogens should not be used with austenitic stainless steels. 

Helium leak testing may also be done in the sniffer mode, as explained above 
for halogens. However, in addition, helium leak testing may be performed using 
two other methods that are more sensitive in detecting leakage. These are the tracer 
mode and the hood or closed system mode. In the tracer mode a vacuum is drawn 
on the system, and helium is sprayed onto the outside of joints to be inspected for 
leakage. The system vacuum draws helium through any leaking joint and delivers 
it to a helium mass spectrometer. In the hood mode, the system to be tested is 
surrounded by concentrated helium. 

The hood mode of helium leak testing is the most sensitive method for detecting 
leaks and the only method accepted by ASME Code Section V as quantitative. 
Manufacturers of components requiring a hermetic seal will use the hood method 
of helium leak detection as a production leak test. In these cases, the component 
may be surrounded by helium in a chamber. A connection to the component is made 
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to a helium leak detector, which attempts to draw the internals of the component to 
a vacuum close to absolute zero. Any leakage of helium from the surrounding 
chamber into the component will de drawn into the helium leak detector by the 
vacuum it is producing. The helium leak detector contains a mass spectrometer 
configured to sense the presence of helium molecules. This closed-system testing 
method is capable of sensing leaks as small as 1X 10" cc/sec (6.15 107? cubic in/sec), 
standard atmospheric air equivalent. The closed-system method is not appropriate to 
measuring a large leak that would flood the detector and render it useless for further 
measurement until every helium molecule could be withdrawn from the detector. 

The closed-system method is not appropriate to a piping system in the field 
because of the large volumes. Also it does not show the location of the leak or 
leaks. Finally, the sensitivity of leak detection, using the closed system, is many 
orders of magnitude greater than normally required. The helium sniffer is the least 
sensitive method and is subject to false indications if helium from a large leak at 
one location in the system diffuses to other locations. A large leak can also flood 
the detector, temporarily rendering it useless until all the helium is removed from 
the mass spectrometer. The helium pressure used in all these methods is normally 
one or two atmospheres, which is sufficient to detect the presence of very small 
leaks. The low pressure also serves to reduce the amount of helium required for 
the test. Helium leak testing is rarely, if ever, used to demonstrate that the system 
can safely withstand the design pressure rating. 

Helium leak detectors will not be successful in finding leaks unless the component 
or piping system is completely dry. Liquid contained in a small leakage path, due 
to capillary action, may seal the leak because of the low pressure of the helium 
and the surface tension of the liquid. Therefore great care is required to use this 
approach under completely dry conditions. Otherwise this system may be even less 
sensitive in detecting a leak than a high-pressure hydrostatic test. Furthermore, the 
helium leak detector is easily contaminated by oils and other compounds and 
rendered inaccurate. Field conditions are normally not free of the possibility for 
contamination of the leak detector. 


Sensitivities of Leak-Testing Methods and Acceptance Standards 


The order in which the various leak-testing methods indicate leak tightness, from 
least sensitive to most sensitive, are 


1. Hydrostatic leak testing with visual observation 

2. Pneumatic testing with visual observation of bubbles in soapy mixture 
. Gas lake testing 
. Helium-mass spectrometer sniffer 


3 

4 

5. Halogen-diode sniffer 

6. Helium-mass-spectrometer tracer technique 
7 


. Helium-mass-spectrometer hood method 


The gas lake method is similar to pneumatic testing, but instead of using a soapy 
mixture to detect leakage, all the pneumatic leakage is collected and passed through 
a water trap to permit a quantitative measurement of total leakage. Obviously the 
gas lake method is practical only with certain piping or vessel configurations that 
make it simple to conduct all the leakage to one location. 
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Pneumatic bubble testing should provide for a sensitivity of at least 10? std cc/ 
sec (6.1 X 10 cu in/sec). Pneumatic testing is at least 57 times more sensitive than 
hydrostatic testing at the same pressure because of the ratio of viscosities. This 
ratio can be even larger when considering the barrier effects of surface tension in 
a hydrostatic test. 

The maximum acceptable leak rate standards in ASME Code Section V for 
tracer gas methods are 


1. Helium sniffer maximum acceptable leak rate of 1 X 10^* std cc/sec (6.1 X 1075 
std cu in/sec) 

2. Halogen sniffer maximum acceptable leak rate of 1 X 10^* std cc/sec (6.1 X 10$ 
std cu in/sec) 

3. Helium-tracer-probe maximum acceptable leak rate of 1 X 10^ std cc/sec (6.1 
X 107 std cu in/sec) 


4. Helium-hood-method maximum acceptable leak rate of 1 X 10~° std cc/sec (6.1 
X 1075 std cu in/sec) 


The maximum sensitivity of the helium-hood method can be increased in special 
cases from 10^"? std cc/sec (6.1 X 10^? std cu in/sec) to 10^" std cc/sec (6.1 x 10775 
std cu in/sec). This is done by allowing the leakage to accumulate in a known 
volume before a measurement of the leakage is made. 


SELECTION OF A TEST METHOD AND FLUID 
TEST MEDIUM 


The test method and fluid test medium to be used are most often known at the 
early stage of design of the piping system. The piping system contract will usually 
specify the applicable codes. Even if the applicable codes are not spelled out, the 
piping designers will know which codes will apply, based upon the piping system 
application and the jurisdiction. The codes in turn specify the allowable pressure 
and leak-testing methods. The designers will almost always know from experience 
which of the various testing methods permitted by the applicable code will be 
employed by the contractor. Based on this knowledge, the piping-system designers 
will provide the means required for running the tests, such as properly located 
connections for filling, venting, pressurizing, and measuring the test pressure of the 
system. They may even provide for additional temporary supports for the weight 
of a liquid test medium if the piping is for a gaseous-process medium. 

They will also consider how portions of the system that are not to be tested 
may be isolated from the portions under test. This is usually done with isolating 
valves and flange blinds. In some cases field tests need to be conducted on subassem- 
blies of process piping or equipment. In those cases the piping or vessels may have 
openings for later connection to the final system. If there are open ends of the 
piping or open connections to a vessel that must be sealed during the pressure test, 
hydrostatic test plugs may be more economically employed for this purpose than 
temporarily sealing these openings by welding. Cross-sectional views of hydrostatic 
test plugs, shown in Fig. B14.1 and B142, are discussed in greater detail in the later 
section titled Hydrostatic Test Plugs. The advance knowledge of a requirement for 
hydrostatic test plugs can be especially important for plug sizes larger than NPS 
12 (DN300). Larger test plugs usually require longer delivery times. 
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GRIP TIGHT TEST PLUG INSTALLED IN PIPE 


FIGURE B14.1 ID test plug. (Courtesy of Expansion Seal Technologies, Harleysville, PA.) 
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OD TEST PLUG BEFORE PRESSURE IS ADMITTED OD TEST PLUG AFTER PRESSURE IS ADMITTED 
FIGURE B14.2 OD test plug. (Courtesy of Expansion Seal Technologies, Harleysville, PA.) 
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The chosen leak-testing method must be compatible with the piping-system 
requirements, in addition to meeting the code or standards requirements. Addition- 
ally the fluid test medium must be selected. These two choices are essential in 
establishing the test equipment required to fill or evacuate the piping, set and 
regulate the test pressure, and detect leaks by other than visual means. In addition, 
these two choices establish whether temporary additional supports may be required 
to support the weight of the test fluid medium. This entire test-related equipment 
must be arranged for far enough in advance to be available and in place prior to 
the starting date for the leak test. 

Hydrostatic testing is most often preferred over pneumatic testing because of 
safety considerations. Water is the preferred fluid medium for hydrostatic testing. 
In addition to its relatively incompressible nature, it is also the safest fluid because 
it is nontoxic and nonflammable and it remains in liquid form down to atmospheric 
pressure unless heated above the boiling point. Water is readily and economically 
available. ASME B31.1, section 137.4.3, specifies water as the test fluid for hydro- 
static tests unless otherwise specified. ASME B31.3, section 345.4.1, also specifies 
water as the test fluid for hydrostatic test unless there is the possibility of freezing 
or damage from adverse effects of water on the piping or the process for which 
the piping system is designed. This section provides for other uses of other nontoxic 
liquids as long as the flash point exceeds 120°F (49°C). If hydrostatic testing is being 
considered for a system that was designed for use of a gaseous medium as the 
process fluid, it must first be determined that the piping system will support the 
weight of the test liquid or that the piping can be safely supported during the 
hydrostatic test. 

There are some cases where water cannot be employed as a fluid test medium. 
Traces of water left in the piping may react adversely with the process; for example, 
in piping for liquid sodium or a cryogenic process. If the test is to be run at 
temperature conditions which would make freezing likely, antifreeze may be added 
to the water as long as the antifreeze is not harmful to the piping or the process 
and the disposal of large amounts of antifreeze is not environmentally unacceptable. 
If water cannot be employed as the fluid test medium and another liquid is not 
practical, or if it is not practical to support the weight of a test liquid with piping 
supports, a pneumatic test may be the next best choice. 


Testing of Piping Additions, Modifications, or Repairs 


There is a lesser known technique for testing piping modifications or additions to 
older systems that can save considerable effort by testing only the new, modified, 
or repaired joints without the need for filling the entire piping system. This involves 
using a special device, called a flange test plug, shown in the cross-sectional view 
of Fig. B14.3, that will test only the weld between a weld-neck or slip-on flange 
and pipe. A modification of the flange test plug of Fig. B14.3 can be used to help 
make the weld between a weld-neck flange and a pipe in addition to also testing 
the weld. The modification adds a center port to sense any pressure in the pipe 
behind the plug and lengthens the plug to prevent seal damage from the heat of 
the weld. This device, called a flange weld plug, aligns the parts to be welded, 
provides for any gas purging requirements during the welding, and warns or protects 
the welder against any unexpected increase in pressure back in the pipe. Finally a 
special dumbbell test plug, shown in Fig. B14.4, may also be used to test only a 
single weld. The flange test plug, flange weld plug, and special dumbbell plugs are 
explained in greater detail in the later section titled Hydrostatic Test Plugs Suited 
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FIGURE B14.3 Flange test plug and flange weld plug. (Courtesy of Expansion Seal Technologies, 
Harleysville, PA.) 
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DUMBELL TEST PLUG WITH GRIPPERS 
INSTALLED IN PIPE 


FIGURE B14.4 Specialdumbbellplug. (Courtesy of Expansion Seal Technologies, Harleysville, PA.) 


to Testing a Single Weld. All these devices save considerable time and money in 
testing plant expansions or modifications because it takes only moments to fill the 
small space surrounding the weld to be tested with the fluid test medium. There is 
also a substantial cost saving in the reduced amount of contaminated test liquid to 
be disposed of. It is always best to consider such options at the design stage because 
of the delivery time required for these special devices. 


Test Pressures 


The selected test method and fluid test medium, together with the applicable code, 
will also establish the rules to be followed in calculating the required test pressure. 
In most cases a pressure greater than the design pressure rating is applied for a 
short duration, say at least 10 minutes. The magnitude of this initial test pressure 
is often at least 1.5 times the design pressure rating for a hydrostatic test. However, 
it may be different, depending upon which code is applicable and whether the test 
is hydrostatic or pneumatic. Furthermore, the test pressure must never exceed a 
pressure that would cause yielding, or the maximum allowable test pressure of 
some component exposed to the test. In the case of ASME B31, section 137.1.4, 
and the Boiler and Pressure Vessel Codes, the maximum test pressure must not 
exceed 90 percent of yield for any component exposed to the test. The test pressure 
is needed to demonstrate that the system can safely withstand the rated pressure. 
Following this period of greater than design pressure, it is often permissible to 
reduce the pressure to a lower value for examination of leaks. The examination 
pressure is maintained for the length of time necessary to conduct a thorough 
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Code 
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Test and Examination Pressures 


Test type 


Test pressure 
minimum 


Test pressure 
maximum 


Test pressure 
hold time 
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Examination 
pressure 


ASME B31.1 


Hydrostatic! 


1.5 times design 


Max allowable test 
pressure any compo- 
nent or 90 percent 
of yield 


10 minutes 


Design 
pressure 


ASME B31.1 


Pneumatic 


1.2 times design 


1.5 times design or 
max allowable test 
pressure any com- 
ponent 


10 minutes 


Lower of 100 
psig or 
design 
pressure 


ASME B31.1 


Initial 
service 


Normal op- 
erating 
pressure 


Normal operating 
pressure 


10 minutes or 
time to com- 
plete leak ex- 
amination 


Normal op- 
erating 
pressure 


ASME B31.3 


Hydrostatic 


1.5 times 
design? 


Not to exceed yield 
stress 


Time to com- 
plete leak ex- 
amination 
but at least 
10 minutes 


1.5 times 
design 


ASME B31.3 


Pneumatic 


1.1 times design 


1.1 times design plus 
the lesser of 50 psi 
or 10 percent of test 
pressure 


10 minutes 


Design 
pressure 


ASME B31.3 


Initial 
service? 


Design pressure 


Design pressure 


Time to com- 
plete leak ex- 
amination 


Design 
pressure 


Hydrostatic 


1.5 times max 
allowable 
working 
pressure* 


Not to exceed 90 per- 
cent yield stress 


Not specified, 
typically 1 hr 


Max allow- 
able work- 
ing 
pressure* 


ASME III 
Division 1 
Subsec- 
tion NB 


Hydrostatic 


1.25 times sys- 
tem design 
pressure? 


Not to exceed stress 
limits of design sec- 
tion NB-3226 or 
maximum test pres- 
sure of any system 
component? 


10 minutes 


Greater of 
design pres- 
sure or .75 
times test 
pressure 


ASME III 
Division 1 
Subsec- 
tion NB 


Pneumatic 


1.2 times system 
design 
pressure® 


Not to exceed stress 
limits of design sec- 
tion NB-3226 or 
maximum test pres- 
sure of any system 
component 


10 minutes 


Greater of 
design pres- 
sure or .75 
times test 
pressure 


B.664 
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Test and Examination Pressures (Continued) 


Test type 


Test pressure 
minimum 


Test pressure 
maximum 


Test pressure 
hold time 


Examination 
pressure 


ASME III 
Division 1 
Subsec- 
tion NC 


Hydrostatic 


1.5 times system 
design 
pressure 


If minimum test pres- 
sure exceeded by 6 
percent establish 
limit by the lower of 
analysis of all test 
loadings or maxi- 
mum test pressure 
of any component 


10 minutes or 
15 minutes 
per inch of 
design mini- 
mum wall 
thickness for 
pumps and 
valves 


Greater of 
design pres- 
sure or .75 
times test 
pressure 


ASME III 
Division 1 
Subsec- 
tion NC 


Pneumatic 


1.25 times sys- 
tem design 
pressure 


If minimum test pres- 
sure exceeded by 6 
percent establish 
limit by the lower of 
analysis of all test 
loadings or maxi- 
mum test pressure 
of any component 


10 minutes 


Greater of 
design pres- 
sure or .75 
times test 
pressure 


ASME III 
Division 1 
Subsec- 
tion ND 


Hydrostatic 


1.5 times system 
design pres- 
sure for com- 
pleted com- 
ponents, 1.25 
times system 
design pres- 
sure for pip- 
ing systems 


If minimum test pres- 
sure exceeded by 6 
percent establish 
limit by the lower of 
analysis of all test 
loadings or maxi- 
mum test pressure 
of any component 


10 minutes 


Greater of 
design pres- 
sure or .75 
times test 
pressure 


ASME III 
Division 1 
Subsec- 
tion ND 


Notes: 


Pneumatic 


1.25 times sys- 
tem design 
pressure 


If minimum test pres- 
sure exceeded by 6 
percent establish 
limit by the lower of 
analysis of all test 
loadings or maxi- 
mum test pressure 
of any component 


10 minutes 


Greater of 
design pres- 
sure or .75 
times test 
pressure 


1. Boiler external piping must be hydrostatic tested in accordance with PG-99 of ASME Code Section I. 


2. ASME B31.3 hydrostatic pressure must be raised above 1.5 times design pressure in proportion to yield 
strength at test temperature divided by strength at design temperature but not to exceed yield strength at test 
temperature. Where a vessel is involved whose design pressure is less than the piping and where vessel cannot be 
isolated, the piping and vessel can be tested together at vessel test pressure provided vessel test pressure is not 
less than 77 percent of piping test pressure. 

3. ASME B313 initial service testing permitted only for piping in category D service. 

4. ASME Code Section I hydrostatic test pressure at temperature of at least 70°F (21°C) and examination 
pressure at temperature less than 120°F (49°C). For a forced-flow steam generator with pressure parts designed 
for different pressure levels, the test pressure should be at least 1.5 times the maximum allowable working pressure 
at the superheater outlet but not less than 1.25 times the maximum allowable working pressure of any part of 
the boiler. 

5. ASME Code Section III, Division 1, subsection NB, test pressure limits defined in section NB3226; also 
components containing brazed joints and valves to be tested at 1.5 times system-design pressure prior to installation. 

6. ASME Code Section III, Division 1, subsection NB, pneumatic test pressure for components partially filled 
with water shall not be less than 1.25 times system-design pressure. 
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inspection for leakage. Again the examination pressure depends upon the particular 
code and the selected method of testing. Table B14.1 gives test and examination 
pressures for some of the ASME B31 and Boiler and Pressure Vessel codes. 

The test pressure for each test is calculated by multiplying the code requirements 
for the leak-test method by the design pressure of the weakest component or line 
within the test boundary. An exception to this occurs when the design rating is 
given for a higher temperature than the temperature at which the pressure and 
leak test will be conducted. In this case the test pressure must be increased by an 
amount reflecting the decrease in strength of the material between the test tempera- 
ture and the operating temperature unless that would exceed code limitations 
regarding the maximum test pressure. Another exception occurs in ASME B31.3, 
where a vessel cannot be isolated from the system, and the allowable vessel pressure 
is less than calculated test pressure for the piping. In such a case it is acceptable 
to hydrostatic test the piping at the maximum allowable vessel-test pressure pro- 
vided the owner approves and the reduced test pressure is at least 77 percent of 
the calculated test pressure per ASME B31.3, section 345.4.3. 


PRESSURE TESTING PROCEDURES 


The field engineer, responsible for the implementation of the field test program, 
must first be familiar with the testing provisions of the code or standards that are 
part of the contract. This person must assure coordination between the test supervi- 
sor, QA/QC, the contractor, and owner. The person responsible for the testing 
should begin preparation for the testing phase far enough ahead of piping system 
completion so that all the equipment needed to conduct the test is ready to be used 
and all preparations are completed before testing is scheduled to begin. 


Preparation of Test-Package Documentation 


A P&ID (piping and instrumentation diagram) marked with information concerning 
the pressure test, the piping isometrics, a valve line-up sheet, a test cover sheet, 
and a test data sheet make up the package of test documentation. 

The P&ID should be marked with the scope of the leak test, showing boundary 
valves and test blind locations to isolate connections of the piping to the parts of 
the system which do not need to be pressure tested. If hydrostatic test plugs are 
required to seal any pipe or vessel openings, that requirement should be noted. 
The valve line-up sheet shown in Fig. B14.5 should be completed, showing the 
valve positions required for the test. Also identify any valves which must have the 
internals removed or must be blocked in position. Test blinds may be fabricated 
in accordance with the data given in Table B14.2. The ASME B31 codes do not 
require retesting of a flanged joint once the blinds are removed. 

Determine the required test pressure by reviewing the P&ID drawings to obtain 
the lowest line index and lowest design pressure rating within the boundary of the 
test. Two checks are required for proper test pressure. 

First, review the design documents and vendor information to ensure that the 
test pressure will not overpressurize any equipment or piping component within 
the pressure test boundary. In addition, verify that there will be no possibility of 
brittle fracture at the test pressure and temperature. 

Second, determine the head loss between the lowest part of the piping and the 
gauge location. The head loss in psig is equal to the difference in elevation in feet 
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VALVE LINE-UP DATA SHEET 


PRESSURE TEST NUMBER: PROJECT NO.: 


PNEUMATIC PROJECT NAME: 


VALVE NUMBER DESCRIPTION POSITION TAG NUMBER 


RESPONSIBLE FIELD ENGINEER: 


FIGURE B14.5 Valve line-up data sheet for pressure testing. 


multiplied by 0.4327 psig/ft (9.7 kPa/m) for water as the test fluid. This will establish 
the required gauge readings during the test to avoid overpressure at the lowest 
point in the system. Determine also the pressures that the lowest parts of the system 
will experience. 

The test cover sheet contains an identifying number for the test, test date, test 
pressure, fluid test-medium description, and all release and acceptance signatures. 
Test release authorizations depend upon the project. They may include the welding 
field engineer, instrumentation field engineer, mechanical field engineer, hanger 
field engineer, quality control inspector, superintendent, third party representative, 
and client representative. The piping or hanger field engineer will have to verify 
that the lines are supported to handle the hydraulic loads. The client may also walk 
down the package before the test can be performed. 

The pressure-test data sheet of Fig. B14.6 is used to record the data taken during 
the test. It also contains provision for the sign-off required by the field engineer 
and the code inspector, if applicable, as is the case with boiler external piping (BEP). 
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TABLE B14.2 Test Blind Dimensions 


Test blind fabrication data 


A = Blind plate diameter General notes: 
B = Paddle handle width 
C - Handle height 1. Plate material types 
D - Blind thickness A-36, S — 12,600 PSI 
t — Required blind thickness A-285 GR. C, S = 18,350 PSI 
d = Nominal diameter of pipe A-570 GR. 36, S = 16,300 PSI 
P = Line design pressure (psig) 
S — allowable material stress poy mi $ P 
16 S 


Note: This will provide a safety factor of 1.7 of yield. These same values may be used 
for A36 plate, however, the safety factor will be reduced to 1.4 


Test blind thickness schedule A285 Grade C 


Test pressure t, Test blind thickness 


Pipe size 500 | 700 | 1000 


A = Blind diameter 
B = Grip width 
C = Height from center of paddle to top of grip 


Preparation 


As the piping system nears completion, a check list should be made of items still 
requiring completion before testing can begin. This list must be pursued by the 
person(s) responsible for running the test until all remaining items are completed. 
Otherwise, it could be discovered that the system is not ready to be tested only 
when testing is ready to begin. Reviewing P&ID drawings is the best way to develop 
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PRESSURE TEST DATA SHEET 


PRESSURE TEST NUMBER: | PROJECT NO.: PAGE 1 OF 
TYPE OF TÉST: PROJECT NAME: 


TEST INFORMATION 


SYSTEM: 
TEST BOUNDRIES: 
PIPE CLASS: DESIGN TEMPERATURE: DESIGN PRESSURE: 


TEST METHOD: [ |HYDROSTATIC [ | PNEUMATIC OTHER 
SPECIFY (OTHER): 
TEST MEDIUM: APPLICABLE CODE: 


TEST REQUIREMENTS 

TEST PRESSURE: i psi (kPa) TEST TEMPERATURE: T oF (°C) 

TEST DURATION: -HR. MIN. | AMBIENT TEMPERATURE: °F (°C) 

EXAMINATION PRESSURE: psi (kPa) HOLD TIME: Min. 
GAUGE PRESSURE 
ELEVATION DIFFERENCE BETWEEN GAUGE AND HIGH POINT: Ft. (m) 
STATIC HEAD: psi (kPa) 
PLUS REQUIRED TEST PRESSURE: psi (kPa) 
EQUALS REQUIRED GAUGE PRESSURE: psi (kPa) 
PRE-TEST REVIEW 


FIELD ENGINEER: 
CODE INSPECTOR: 


TEST RESULTS 

TEST DATE: STARTTIME: (JAM [IPM 
FINISH TIME: AM L]PM 
ACTUAL GUAGE PRESSURE: PRESSURE DROP: IN: 

TEST EQUIPMENT 
TYPE: : CAL. DATE: CAL. DUE: 
TYPE: : CAL. DATE: CAL. DUE: 
TYPE: i CAL. DATE: CAL. DUE: 
TYPE: : CAL. DATE: CAL. DUE: 
REMARKS: 


TEST ACCEPTANCE 


FIELD ENGINEER: 
CODE INSPECTOR: 


FIGURE B14.6 Pressure test data sheet. 


this checklist. A comparison of the P&ID drawings and the piping isometrics must 
be made to determine if there are any discrepancies. Review all valve types, flow 
directions, branch tie-ins, and any material changes. Recheck all in-line components 
to verify they can withstand the required test pressure. 

After the crosscheck is complete conduct a physical inspection of the piping 
system using the P&IDs and piping isometrics. Typically systems are inspected for 


Completed and torqued flanges with no missing bolts or gaskets 


All gravity supports installed 


Proper pipe routing 


Correct valve type and orientation 


Vents and drains installed to allow proper filling and draining 
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* Proper material type verified using color codes or markings, and heat numbers 
recorded if required by the codes 


* All required piping stress relief, weld examinations, and welding documentation 
completed and acceptable 


Before the test is to be run, make certain, by reviewing the piping against the 
P&ID and valve line-up sheet, that 


* All equipment not to be tested is disconnected from the test or isolated by closed 
valves or testing blinds 


* Tagging and lockout of any valves used to isolate the test boundaries is in place 
to protect both the testing personnel and any others who may be on site 


* All nonboundary valves in the test boundary are in the open position 


* Expansion joints, if any, have required restraints to protect against damage from 
the test pressure 


* All springs have travel stops to protect against the weight of the test medium 
* All test equipment is checked and all test connections are tight 


For gas systems, additional gravity supports may be required temporarily to 
support the weight of the test liquid. 

Since requirements vary from project to project, the person responsible for the 
test will need to make a specific checklist of items for each project before testing 
can begin. 


Hydrostatic Testing Preparation 


All joints, including welds and flanges, of the portions of the system to be tested 
are left uninsulated and exposed for examination during the test. Some insulation 
may be installed on the straight runs or previously tested piping. If the system 
is to include jacketed piping, the leak tests should be run before any jacketing 
is installed. 

A sample hydrostatic-test setup is shown in Fig. B14.7. A flow water pump is 
substituted for the pressurizing water pump during the filling of the piping. The 
water source should provide clean chloride-free water. The system is filled from 
the bottom to facilitate the venting of all air in the portion of the piping system 
under test. For sloped piping systems, filling should be done against the slope. Vents 
must be located at all high points in the piping and should be open during the 
filling stage. Once it is determined the system is completely liquid filled the vents 
may be closed and a pressurizing water pump connected to the system in place of 
the flow pump. The pressurizing pump must have a capacity greater than the 
allowable leakage of the system. Leakage at the packing glands of valves and pumps 
is permissible by the codes and is necessary to preserve the life of the packing. 
However, if this leakage is so great that the test pressure cannot be controlled by 
being trapped, there will be a problem in running the test. It is not very practical 
to turn the pressurizing pump on and off to maintain the pressure close to the 
required level. One solution is to temporarily tighten all the packings to a greater 
compression than is normally used during regular operation of the system. It may 
also be necessary to tighten flanges, screwed connections, and other mechanical or 
gland-type joints to eliminate leakage. 
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SAMPLE HYDROSTATIC TEST SETUP 


SUMMARY OF HEAD DIFFERENCES: 


= Final sceeptance gauge ei. 72-07 
— 10" GCO-24 èl 66'7-1/27 


ACTUAL GAUGE 
READING 600 PSIG; 
MIN PRESSURE © 


PRESSURE GAUGE USED FOR 


FINAL ACCEPTANCE -[SEE NOTE 10] 


WEEDLE VALVE 


WITH AIR BLEED min test pressure 600 psig. 
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FIGURE B14.7 Hydrostatic test setup. 


Calibrated relief valves should be installed as close as possible to the filling 
connection and to the low point of the system. The relief valves have two purposes. 
First they protect against an accidental overpressure during the pressurization pro- 
cess. To accomplish this they must have sufficient relief capacity to pass the full 
flow of the pressurizing pump (or filling pump if it is also used for pressurizing). 
Second they protect against an increase in pressure during the test that might result 
from an ambient temperature increase. The relief valve should be set to prevent 
the system pressure from exceeding 


e The maximum allowable pressure of the lowest rated component in the test 
boundary 


* The maximum allowable seat or backseat pressure of boundary valves 
* The maximum allowable set pressures for gagged system-relief valves 


* The maximum allowable pressures established by the applicable code or proj- 
ect specification 
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Itis very important to eliminate all trapped air from the piping before pressurizing 
the piping. Trapped air poses at least three problems in hydrostatic tests. First, the 
danger of injury is greater if there is a failure with trapped air in the system. Second, 
if the air is trapped at a piping joint that is leaking, there may not be visible evidence 
of a water leak. Third, the presence of trapped air will lengthen the time required 
to pressurize the system. This last effect may be used as an indication of the presence 
of trapped air. It is also possible to test for trapped air in a piping system by tapping 
the pipe. A hollow sound indicates the presence of trapped air. 

On the other hand there is a potential danger posed by a completely liquid- 
filled piping system. Normally pressure is trapped in the piping system after the 
pressurizing pump has raised it to the test level. With a trapped system, an overpres- 
sure condition can occur with an increase in ambient temperature. This is most 
likely to occur if the system is pressurized and trapped early in the day. Later in 
the day as the temperature increases the system pressure will rise unless controlled. 
This is because the thermal coefficient of expansion of water is an order of magnitude 
greater than that of the piping system metal. As the ambient temperature increases, 
the thermal expansion of the water is greater than that of the piping by at least an 
order of magnitude. Thus with an ambient temperature increase, the water is 
compressed by the piping, with a consequent increase in the water pressure that 
can be dramatic because of the relative incompressibility of water. Because of the 
potential dangers posed by this phenomenon, the ASME B31.1, section 1372.6, 
and ASME B31.3, section 345.2.1, cite precautions to be taken against pressure rise 
during testing. This is usually done with a pressure-relief valve set as indicated 
above. Another means of preventing a thermally induced overpressure is not to 
leave the test unattended. The gauges must be continually monitored and pressure 
bled off at the vents as needed. 

Information concerning the test gauges should be recorded on the test data 
sheet. Calibration of the test gauges should be performed prior to the start of the 
test against a master gauge or deadweight tester whose own calibration is traceable 
to the U. S. National Institute of Standards and Technology (NIST) standards. If 
the gauge employed is an analog device, the test pressure should ideally occur at 
midscale but never below 25 percent of full scale. A 1 percent of full scale accuracy 
device is generally acceptable. If the gauge is a digital gauge it may be used anywhere 
within the range that the accuracy is specified. This is because the accuracy of a 
digital gauge is generally a fixed percentage of the reading rather than full-scale 
reading. After the test is concluded, and the pressure reduced to zero, the zero 
reading of the gauge should be verified. If the gauge fails to repeat the zero reading 
by a significant amount, the test reading is not to be trusted. 


Conducting the Pressure and Leak Test 


Pressurization of the system should be done slowly and in stages only after all 
trapped air has been eliminated. Visual checks for leakage should be made during 
the pressurization process. If the system pressure for the examination of leakage 
is different than the maximum test pressure, the system should be held at the 
maximum test pressure for the prescribed period before it is reduced to the examina- 
tion pressure. When examining the system for leakage, any condensation should 
be wiped away from the system parts to provide a clear and unmistakable view 
of leakage. 

If there are any joints that cannot be visualized during the leak test and it is 
decided to use a trapped pressure for indication of leakage at the hidden joint, be 
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aware of the following: First, there cannot be any significant leakage elsewhere in 
the system. Any leaking flanges or packings must be tightened to shut off their 
leakage. Any leaking joints must be repaired. The shutoff valves and blinds em- 
ployed to isolate the system boundaries, including the valve to the pressure source, 
must be leak tight. If all the trapped air has been eliminated from the portion of 
the system under test, the trapped pressure will increase and decrease substantially 
as the ambient temperature increases and decreases. This occurs, as explained 
before, because of the greater thermal coefficient of expansion of the water as 
compared to the pipe material. A calculation using published values for the linear 
thermal coefficient and the bulk modulus of water estimates that the pressure will 
change approximately 40 psi/°F (497 kPa/°C). Any trapped air would reduce the 
magnitude of this effect. In order for the trapped-pressure test to successfully 
indicate a leak, the ambient temperature must remain reasonably constant. There 
is also another temperature-related effect to be aware of. When the piping is first 
pressurized, the liquid is heated by the compression. This heating immediately 
increases the liquid temperature above its surroundings. As heat transfer takes 
place to the surroundings there will be an exponential decline in liquid temperature 
and pressure. This effect can be recognized by its exponential nature. On the other 
hand a leak could be expected to cause a decrease in pressure at an approximate 
constant rate. 

Normally the piping system, with the exception of possible leakage at pump or 
valve packings, should not show any visible sign of leakage. This is a requirement 
of ASME B31.1. Any sign of leakage at a permanent joint would be cause for 
repair to eliminate the leakage. However, in certain applications some leakage may 
be permitted if the consequences of small leakage amounts are not significant. 
This would have to be by permission of the owner or expressed in the piping 
system contract. 


Draining the System 


After the leakage test is completed the system may be drained. The piping may be 
drained and left to air dry or have hot air blown through it to dry it. Alternatively 
it may be left filled to prevent rust from forming until the system is put into 
operation. If the system is left filled after testing there should be warning tags on 
the valves to advise anyone of the wet layup condition. In draining the system, the 
following precautions should be observed: 


* First make sure all system vents are open. 


* Vents on tank-pressure vessels should be open and functional to avoid damage 
during draining. 


* The rate of drainage should not exceed the allowable rate of the building or 
temporary drainage system. 


Disposal of test liquids containing surface preservatives or other water additives 
must meet local and project environmental requirements. 


* Make certain that temporary piping and instrument connections are relieved of 
pressure before being disconnected. 


* Make sure downstream pressure is relieved in systems containing check valves 
if the valves were not gagged open. 
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Cold Weather Testing 


Hydrostatic testing with water should not be performed when there is chance for 
freezing. If the temperature is at or below 40*F, it is still possible to use water if 
one of the following options is employed to prevent freezing: 


* Steam the line. 

* Run warm water through the pipe. 
* Use electric heat tracing on the line. 
* Add antifreeze to the water. 


The next to the last option may be a safety hazard and should be avoided unless 
the piping insulation is completed except for the area around the joints that need 
to be observed during the test. The last option may not be allowed because of 
environmental concerns about using and disposing of large amounts of antifreeze. 
Another liquid with a lower freezing point might also be considered. 

Extra care should be used in draining systems in cold weather to ensure there 
are no remaining pockets of water that may freeze. 


Pneumatic Testing 


When hydrostatic testing cannot be employed, pneumatic testing may be employed 
with the approval of the owner of the system. Pneumatic testing may be performed 
with a gas as the only fluid or with a combination liquid and gas. The latter is called 
hydropneumatic testing and requires a smaller volume of gas, which reduces the 
danger associated with the test. However, the persons performing the examination 
for leakage must know whether each joint is exposed internally to the liquid test 
medium or the gaseous test medium. This is necessary because in the former case 
the examiner will look for signs of liquid escape whereas in the latter a soapy 
mixture must be applied to the joint to reveal signs of leakage. 

A combination of pneumatic and hydrostatic testing may also be employed. The 
system is first tested with low pressure air, usually 25 psig (175 kPa), for major 
leaks. After any leaks are repaired, the system is hydrostaticly tested at the pressure 
required by the specified code. 

Typically pneumatic tests are conducted with filtered, oil-free air, nitrogen, car- 
bon dioxide, or other suitable nonflammable and nontoxic gas. Test temperatures 
are typically ambient. In pneumatic testing it is especially important to know that 
there will be no parts of the system under test that could have brittle failure at the 
test temperature. 

Compressors or gas bottles with regulators may be used as the pressure source. 
The pressure source must have a capacity in excess of the expected leakage of the 
system. If the pressure cannot be regulated at the test-pressure levels, it must be 
trapped in the system. In this case the leakage must be reduced for the test by 
tightening flanges and packings so that the test pressure may be maintained. Again, 
a trapped gas system is subject to pressure changes due to variations in ambient 
temperature, but this change is much less than that for water. If the gas is presumed 
to behave as a perfect gas, the percentage change of the absolute pressure of the 
test gas would be the same as the percentage change of the absolute temperature 
of the gas. Assuming the test is run at 100 psig (670 kPa) and 65°F (18°C), a trapped 
pressure with no leakage would change 1 psi (6.9 kPa) for a 4.6°F (2.5°C) change 
in its temperature. 
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The following safety precautions must be taken when conducting pneumatic 
testing to reduce the possibility of injury due to rupture in the system or test 
equipment: 


* Correctly sized and calibrated relief valves are installed. 
* All persons in the area of the test are notified that the test will be performed. 
* All unnecessary personnel are removed from the test area. 


* The immediate test area is blocked off or roped off with warning signs so that 
no one can unknowingly enter the test area. 


* The connecting line between the pressure source and the system must be capable 
of withstanding at least the test pressure and preferably the source maximum 
pressure. 


* [tis preferable to double regulate a bottled-pressure source so that if one regulator 
fails, the source is still regulated below the bottle pressure. 


* A properly calibrated test gauge is installed in the system to monitor the pres- 
sure buildup. 


* If leakage is discovered, the system must be vented before repairs or adjustments 
are made. 


* Always check the test equipment before applying pressure. 


During pneumatic testing, the test gauge(s) is normally installed at a remote 
location from the system undergoing the test. The pressure must be increased 
gradually to the test pressure and held for a period, usually 10 minutes. Before the 
examination for leakage is started, the pressure may be reduced to the design 
pressure, or even as low as 100 psig (690 kPa) for ASME B31.1 per section 137.5.5 
if that is lower than design pressure. 

A sonic detector may be used for detecting leakage at a safe distance from the 
system under test if it is considered unacceptable for personnel to be close to the 
piping under test. Otherwise, a leak detector solution may be applied to joints to 
see if bubbles develop at the joint, indicating a leak. Acceptable leak detector 
solutions include: 


* A solution of liquid soap and water 
* Linseed oil 


* Any commercially available leak detection solution 


If verification of a leak rate is required, flowmeters or totalizing meters may be 
used to monitor the test. These may be placed between the pressure source and 
the piping system. 

After the test is completed, the pressure in the system is relieved. Exercise the 
following precautions when releasing the pressure: 


* Make sure any residual downstream pressure is relieved in systems containing 
check valves that were not gagged open. 


* Make sure temporary piping and instrumentation is relieved of pressure prior to 
disconnecting them from the system. 


* Gases should be vented to the atmosphere outside any building 
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HYDROSTATIC TEST PLUGS 


The region of the piping system that must be pressure tested can be isolated from 
other piping by valves or test blinds. However, in those cases where systems that 
need to be tested have open-ended pipes or open connections to pressure vessels, 
another means may be used to seal these openings. Such openings may be sealed 
temporarily by welding them closed. Alternatively, hydrostatic test plugs are also 
used to seal the open ends of pipe or pipe connections to vessels if required for a 
hydraulic test. They have the advantage of eliminating the time to weld a closure 
and the additional time to cut off the welded closure and repair the pipe end. They 
may also be used over and over again. 

Although these plugs have been described as hydrostatic they can also be used 
with gases. However, the greater danger associated with using these plugs for testing 
with gas requires stricter adherence to safety rules to avoid any possibility of 
personal injury should failure occur. Some manufacturers of hydrostatic test plugs 
recommend the use of safety gags when testing with air. Safety gags are devices 
that are assembled over the pipe and secured by clamping them around the pipe. 
At the same time a cable or chain link extending from the safety gag is also secured 
to the test plug to prevent it from doing any damage should the plug be expelled 
from the pipe. 

There are hydrostatic test plugs that seal against the inside diameter of a pipe 
or tube as well as those that seal against the outside diameter. Figure B14.1 illustrates 
the internal or ID (inside diameter) test plug and Fig. B14.2 illustrates the external 
or OD (outside diameter) test plug. Each cross-section view, and a view showing 
the installation of the test plug to the pipe. Both the ID test plug and the OD test 
plug have a seal, made of elastomeric material, which is expanded or contracted, 
respectively, to seal against the pipe. The plugs also have a positive gripping means 
to prevent expulsion from the pipe when pressure is applied. In addition, these 
plugs provide a center port for either filling the pipe with the fluid test medium or 
venting trapped air. This port may also be used as a connection for gauging the 
test pressure. 


Inside-Diameter Hydrostatic Test Plugs 


In the case of the ID test plug of Fig. B14.1, the hex nut on the center shaft is 
tightened to force the segmented grippers to slide up the conical support surface 
and expand outward in a radial direction. The gripper segments are constrained to 
contact the conical support surface by the gripper-retaining spring. The grippers 
have rows of sharp edges, which contact the inside diameter of the pipe. Once these 
sharp edges have been forced to contact the pipe, further tightening of the hex nut 
axially compresses the seal to expand the seal outwardly in a radial direction until 
the seal is also compressed against the pipe inside diameter. The seal is made of 
an elastomeric material, which can deform against the pipe surface to create a leak- 
tight seal. The best designs of hydrostatic test plugs for the inside diameters of 
pipes can seal at any pressure up to the limit of a pressure that will rupture a pipe 
of any wall thickness and strength. For example NPS 12 (DN300) inside-diameter 
plugs of the design of Fig. B14.1 have been tested at pressures as high as 12,000 
psig (82,800 kPa) without failure. In this particular case the test fixture rather than 
the test plug limited the pressure. Smaller plugs have been tested to over 20,000 
psi (138,000 kPa). ID test plugs can be made in sizes up to NPS 42 (DN1050). 
Larger sizes are possible, but the cost increases substantially. 
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Outside-Diameter Hydrostatic Test Plugs 


The outside-diameter test plug of Fig. B14.2 works in the following manner: By 
rotating the insert piece it is advanced deeper into the body. The movement of the 
insert displaces the gripper segments toward the narrower end of the conical section 
of the body thus forcing the grippers inward in a radial direction against the pipe. 
When the gripper segments contact the pipe, the O-ring contained in the wedge- 
shaped annular seal also contacts the pipe but only with light contact force. Notice 
that, in the view illustrating the situation before pressure is applied, that the inside 
diameter of the wedge-shaped seal does not contact the pipe when the grippers 
first touch the pipe. From this point, if the pressure is admitted to the pipe, the 
pressure force will try to move the body away from the pipe end, but at the same 
time, this slight relative movement acts to further tighten the grippers against the 
pipe. Simultaneously, the pressure force acting on the wedge-shaped annular seal 
forces the seal to move away from contact with the narrow end of the grippers and 
deeper into the body cone. This movement continues until the inside diameter of 
the wedge-shaped seal is forced into contact with the outside diameter of the pipe. 
When the inner-diameter surface of the wedge-shaped seal touches the pipe, the 
O-ring is completely trapped in its groove. Because of this, very large pressures 
can be experienced without concern that the O-ring will extrude past the O-ring 
groove regardless of tolerances in the pipe outside diameter. 

An advantage of the outside-diameter test plug shown in Fig. B14.2 is that a 
single plug for one pipe size may be used on any wall schedule. In comparison, a 
different inside-diameter test plug is most often required for each wall schedule. 
However, this advantage over an ID test plug is somewhat offset by the greater 
cost for the outside-diameter test plug. 

The outside-diameter test plug of this design has another advantage over the 
inside-diameter test plug. Hand tightening will generally secure the gripper segments 
against the pipe, as in the case of a good inside-diameter test-plug design. However, 
as we have seen above, hand tightening is also sufficient to enable a leak-tight seal 
for the OD test plug whereas the ID test plug requires tightening with a wrench 
to make the seal leak tight. 

The outside-diameter plug is also capable of having a larger center port for 
greater filling capacity if needed. Because of this feature, two OD test plugs with 
a hose connected between them can be effectively used as a jumper to temporarily 
repair a broken pipe. 

Outside-diameter hydrostatic test plugs in this design are available in sizes up 
to NPS 4 (DN 100) for line pressures up to 10,000 psi (69,000 kPa) for the smallest 
plug, down to 5000 psi (34,500 kPA) for the largest. Outside-diameter plugs can 
be made for larger diameters, but the weight and cost become greater than desirable 
for most applications unless the pressure requirements are considerably lower. 


Factors to Consider in Selecting a Hydrostatic Test Plug 


A number of different designs of inside-diameter test plugs are available from 
different manufacturers. Some very inexpensive versions are made without grippers. 
Plugs, without grippers, rely on the friction force of the seal against the pipe to 
prevent expulsion of the plug by pressure. Test plugs without grippers are limited 
to lower pressures and even with lower pressure are unreliable, particularly when 
the inside surface of the pipe may be slippery. A slippery condition may result from 
moisture, oils, grease, loose material on the inside of the pipe, or a smooth coating 
applied to the pipe. The manufacturers pressure ratings for test plugs without 
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grippers apply only for clean dry uncoated pipe and proper tightening. The actual 
pressure that test plugs without grippers can withstand in slippery conditions is 
drastically reduced. This is because the friction coefficient between the seal and a 
slippery pipe may be as much as one or two orders of magnitude lower. It is always 
safer, regardless of pressure, to use a hydrostatic test plug that has a positive gripping 
means in addition to the seal. Well-designed grippers eliminate any effect from 
lubricants that can easily be displaced. However, grippers cannot entirely overcome 
the bad effects of loose material or smooth and hard surface coatings. 

There are only a few outer-diameter hydrostatic test plug designs that are com- 
mercially available. In choosing a hydrostatic test plug for pressure testing, whether 
it be an inside-diameter or outside-diameter plug, the selected plug must at the 
minimum meet the required pressure rating. In addition, there are a number of 
very important factors to consider beyond just the initial cost alone. For safety 
considerations, it is very important to use a design that has at a minimum the 
following features: 


* The test plug should remain firmly in the pipe at any pressure even though it 
was only hand tightened. 


Some plugs must be tightened to a specific torque to prevent expulsion from 
the pipe at rated pressure or even pressures below the rating. Often the user does 
not have a torque wrench and therefore has no way of knowing when he has 
tightened the test plug in accordance with instructions. Other manufacturers do 
not give a tightening torque but instruct the user to tighten the plug enough to 
make the grippers completely and firmly contact the pipe. Such an instruction does 
not provide the user with any means of knowing when he has tightened the plug 
sufficiently to meet the requirements of the instruction. This is an extremely impor- 
tant safety issue for a first-time user or someone who might have been distracted 
before tightening the plug completely and never completed the job before pressure 
was applied. If the user has inadvertently forgotten to tighten the plug securely or 
simply didn't have the experience to do it properly, the danger is that the plug will 
eject from the pipe when pressure is applied, unless it is of a design that has the 
following construction features: 

The segmented grippers must grip the pipe completely along their length before 
the seal is compressed. Designs which employ the grippers to compress the seal 
cannot have the grippers contact the pipe before the seal does. If the seal contacts 
the pipe before the grippers, it is possible to have a perfect pop gun when pressure 
is applied. 

In addition, a single support cone for the segmented grippers is required to 
obtain the hand-tightening gripping capability. With the single cone, the entire axial 
length ofthe gripper is always in contact with the pipe inside diameter. Furthermore, 
the applied pressure must be able to displace the cone without interference from 
the seal in a direction that will force the grippers outward, along their entire length, 
with a greater force as the pressure increases. Grippers that are supported at either 
end by separated twin-cone surfaces will experience loosening at one end as the 
pressure increases. Furthermore, if twin-cone supports are utilized in a design where 
the grippers are also used to compress the seal, only the gripper end that loosens 
with pressure will contact the pipe, except at very high-tightening torque. Therefore, 
at some high pressure, which depends on how tight the plug has been installed, the 
gripper, supported by twin cones, will start to loose its grip. 


* The test plug should remain firmly gripped in the pipe even at pressures up to 
those which cause bursting of the pipe. 
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A dual cone support for the grippers cannot accomplish the above objective 
because, as pressure is applied, the displacement of the plug expands the gripper 
segments outward at one end of the grippers and allows the grippers to retract 
away from the pipe inside diameter at the other cone support. In such a design, 
increased pressure does not cause increased gripper force along the entire axial 
length of the gripper. 

Another design feature necessary to accomplish this objective requires that the 
compression of the seal and expansion of the grippers must be independent of 
each other. Designs that use the grippers to compress the seal cannot accomplish 
this objective. 

In the case of OD test plugs it is not always practical to meet this objective. 
This is because it is expensive and cumbersome to make the OD test-plug body 
large enough to withstand the combination of the gripper and pressure loading. 


* The seal should never contact the pipe during installation or removal. 


Some test-plug designs incorporate seals that interfere with the pipe even before 
installation and tightening. Sharp edges on the open end of the pipe can damage 
a seal that is already larger than the pipe before installation. In addition, if the seal 
interferes with the pipe during installation, a large force is required to push the 
plug into the pipe. Alternatively, some users of plugs that have seal interference 
lubricate the seal to make it easier to install the plug. A test-plug design which has 
a seal that initially interferes with the pipe is also less tolerant of a wide range of 
pipe tolerances. A preferred inside-diameter test-plug design always has a seal that 
is smaller than the pipe inside diameter when the plug is being installed and removed. 


* A test-plug design should never employ a fixed O-ring to seal the plug against 
the pipe. 


First, a fixed O-ring would have to interfere with the pipe before it was installed 
in order to work at all. Second, having pipe and tube tolerances means that the O- 
ring interference will vary, depending on the tolerance. In the worst cases, the O- 
ring will have major interference with the largest pipe and be difficult to install. 
On the other extreme, with the smallest pipe, the O-ring will have little interference. 
Furthermore, with the smallest pipe, there will be a large gap between the plug 
parts and the pipe, allowing the O-ring to extrude into this gap under high pressure 
and fail. O-ring manufacturers recommend that the gap between the male and 
female parts be limited to a few thousandths of an inch for the highest pressure 
ratings to avoid extrusion of the O-ring out of its groove, and consequent failure. 


* Any test plug should be able to function with only two gripper segments. 


This is very important for cases where the pipe has a very out-of-round condition. 
In such a case it is likely that only two of the gripper segments will contact the 
pipe when pressure is first admitted. 


* The test plug should be easily removable from the pipe after pressure is bled off. 


Some gripper designs provide close to a locking angle, and, because of this, a 
severe impact is required to loosen them from the pipe after the test. In other cases 
the seal becomes wedged in the small space between the pipe and the test-plug 
parts, making it very difficult to remove the plug after the pressure is removed. 
This can be particularly true of test plugs that use low-durometer seals. However, 
some test-plug designs will work only if the seal is made from a low-durometer 
elastomer. 
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Care in the Use of Hydrostatic Test Plugs 


Safety demands care in using any device to seal the open end of a pipe in order 
to run a pressure test. First verify that the pressure rating of the plug is greater 
than the test pressure to be used for the test. Next, the user must inspect the pipe 
end. It should be verified that the pipe diameter is within the range of dimensions 
that the plug is designed for. For example, if the plug seals against the inside 
diameter, that is the dimension that must be checked. Also, the surface against 
which the seal engages must be sufficiently free of defects for the seal to work. 
Finally, check the surface against which the grippers engage. This surface should 
be clean and dry. The pipe should not have a smooth and hard coating. Furthermore, 
there must not be any loose scale on this surface. If the grippers engage a loose 
surface scale as opposed to the pipe itself, the bond between the scale and pipe 
may break when pressure is applied, allowing the plug to slip. 

Next examine the plug itself. It must be in good working condition. If there are 
signs of tearing of any of the gripper teeth they should be replaced. Also check 
that there is freedom of movement between the grippers and the supporting conical 
surfaces. Low friction between these two surfaces is essential to safe operation of 
the test plug. Sometimes users will find that a test plug was not cleaned and dried 
after the last use. If there are any signs of sticking, these parts should be cleaned 
and lubricated. Examine the hex nut and the threads on the shaft(s). They must 
be free of any damage or wear, and the hex nut must turn freely. 

When installing the plug into the pipe always be sure to follow the manufacturer's 
recommended installation instructions. Always clean and properly store a test plug 
after each use. 


HYDROSTATIC TEST PLUGS SUITED TO 
TESTING A SINGLE WELD 


In those cases where a piping job is a repair, modification, or expansion of an 
existing system, it is very desirable not to have to fill and pressurize the entire 
piping system just to check the new welded joints. A device called a flange test 
plug shown in Fig. B14.3 can test a single weld between the pipe and a weld-neck 
flange or slip-on flange. Figure B14.3 shows cross-sectioned drawings of the plug 
before installation and the plug installed in piping. The flange test plug is inserted 
into the pipe after the weld is completed and bolted to the weld-neck flange. It is 
very important that the seal and mating parts are small enough to fit past any weld 
projection during the insertion and removal of the test plug. The seal, located 
behind the weld, is expanded in a radial direction to seal against the pipe by 
compressing the seal axially. The axial compression is accomplished by tightening 
the hex nut on the center shaft in order to squeeze the seal between the back 
washer and front washer. Flange test plugs larger than NPS 8 (DN200) have multiple 
shafts, which must all be tightened evenly to compress the seal. 

Once the plug is installed, the fluid test medium can be admitted to the space 
between the flange and the seal against the pipe through ports located in the flange 
face. These ports also permit venting of the trapped gases for all positions but 
vertical up. In the latter case the trapped gas may be vented by temporarily relaxing 
the seal. Once the space surrounding the weld is completely filled with the test 
medium, it may be pressurized and the exposed weld joint visually examined for 
any signs of leakage. It is also possible to run a trapped pressure test with such a 
device. However, the same temperature effects as discussed before must be taken 
into account. 
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FIGURE B14.8a Special high lift flange test plug. (Courtesy of Expansion Seal Technologies, Harleysville, PA.) 
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FLANGE TEST PLUG INSTALLED IN PIPE 
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FIGURE B14.8b Special high lift flange test plug being installed. (Courtesy of Expansion Seal 
Technologies, Harleysville, PA.) 


The flange test plug can substantially reduce the testing time and cost in a plant 
expansion or modification. In addition, if the test fluid is contaminated by residue 
in the piping, it is necessary only to dispose of a small amount of fluid test medium 
in an environmentally safe manner, as compared to filling the entire piping system. 
This capability also overcomes the argument sometimes advanced that a single weld 
should be subjected to a radiographic examination rather then be pressure tested 
as the code requires. This argument for taking a different approach than the code 
requires has often been made because of the inconvenience and cost of filling and 
pressurizing the entire system. 

There have been some flange test plug applications where the opening in the 
weld-neck flange is smaller than the pipe on the other side of the weld. For example, 
this may occur when the flange rating is considerably higher than that for the pipe. 
There have also been applications for hydrostatic test plugs where these must fit 
through a narrow entrance and then seal against a larger diameter. Both of these 
applications can be accommodated with the special high lift design shown in Fig. 
B14.8a. Figure B14.8b shows a photograph of a 24 inch (DN 600) special high lift 
flange test plug being installed in a west coast refinery. Figure B14.8a shows cross- 
section views before and after the plug has been installed and adjusted so that the 
seal contacts the pipe. After the flange test plug has been inserted into the piping 
and the flanges have been bolted together, the hex nuts at the flange end are 
tightened gradually in sequence. Initially, during the tightening process, the seg- 
mented supports are urged to ride up the adjoining conical surface and expand 
outward in a radial direction. Once these segmented supporting surfaces expand 
to a diameter slightly less than the internal diameter of the pipe, further radial 
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expansion of the segmented supports is prevented because the bottom washer 
engages the end of the cone. From this point, further tightening compresses the 
cone-shaped part against the seal to compress the seal axially and expand it outward 
until it seals against the pipe. The result is shown in Fig. B14.8a, identified as 
“Flange test plug installed in pipe," and shows that the segmented pieces now act 
as back-up supports for the seal. The testing fluid medium may be admitted through 
one of the fill ports in the flange while the other serves to vent air from the space 
between the expanded seal and the flange. Once the liquid fill has been completed 
and is pressurized, any bending of the exposed portions of the seal due to pressure 
is resisted by the segmented supports. The use of this design has enabled a NPS 
24 (DN 600) flange test plug to fit through an opening that was % in (22.23 mm) 
smaller than the diameter of the pipe against which the seal worked. In this applica- 
tion, the test pressure was over 2250 psi (15,525 kPa). Upon completion of the 
pressure test, the hex nuts are loosened, permitting both the seal and the seal- 
support segments to retract to their original size before installation. Removal of 
the flange bolts will now permit the flange test plug to be withdrawn through the 
smaller opening of the weld-neck flange. 

A variation of the design of Fig. B14.3, called the flange-weld plug, may be used 
to align the weld-neck flange to the pipe and complete the weld prior to testing 
the weld. The fill ports may be used for inert-gas purging on the inside of the pipe 
during welding. The flange weld plug, unlike the flange test plug, has a center port 
for sensing pressure buildup back in the piping. If pressure were to build up behind 
the flange weld plug before the weld was completed, a dangerous condition wherein 
the plug might be ejected could occur. Gauges connected to the sensing port are 
used to warn the welder of any impending problem. 

A safer design than the flange weld plug would be to use grippers in conjunction 
with the seal, as shown in the dumbbell plug of Fig. B14.4. This plug, unlike the 
hydrostatic test plug, utilizes twin cones supporting the gripper segments to resist 
movement of the plug in either direction due to unbalanced pressure forces. In 
case of an unexpected pressure buildup behind the seal, the grippers would function 
to prevent the plug from being ejected before the weld was completed. However, 
because of the twin-cone construction, the assembly must first be tightened to the 
rated torque before pressure is admitted in order to be certain the plug will not 
move. A single cone gripper would be an improvement. 

Flange test plugs and flange weld plugs are available in sizes from NPS 1 to 36 
(DN 25 to 900) and with flange ratings up to class 600. Higher ratings and sizes 
are possible. 


FREEZE PLUGS 


Thomas J. Bowling, P.E. 
Manager 
Pipe Repairs, Inc. 
Alvin, Texas 


Cryogenic freezing is a cost-effective technique for solidifying liquid in a pipe to 
form a pressure-resistant plug so that maintenance and pressure testing can be 
performed without shutting down the whole system. This technique for creating a 
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freeze plug has been used for over 30 years in process plants, cross-country pipelines, 
and nuclear submarines. Most applications are on water, although other liquids 
may be frozen effectively. Plugs as large as NPS 48 (DN 1200) have been used. 
Beyond this size, this method of isolation is not economical. Typical applications are 


1. Piping repair 

2. Valve replacement 

3. Leakage and pressure testing 

4. Secondary protection on water lines during nuclear fuel changes 


The formation of a freeze plug is typically accomplished by circulating liquid 
nitrogen in a stainless, aluminum, or fiberglass jacket surrounding the pipe. See 
Fig. B14.9a, showing a typical installation for creating a freeze plug. The nitrogen 
inlet is located in the center of the jacket behind a centrally located thermocouple. 
There are two nitrogen vents as well as a drain connection shown. Also, shown in 
Fig. B14.9b, is an end view where the actual freeze plug can be seen. The liquid 
nitrogen extracts heat from the freeze-jacket walls, pipe walls, and the liquid within 
the pipe. The heat absorbed by the liquid nitrogen evaporates some of the nitrogen, 
and this heat is carried away from the jacket by the nitrogen-gas exhaust from the 
jacket. The nitrogen gas leaving the freeze jacket must be conducted away from 
any confined space where personnel are present. Nitrogen is heavier than air, and 
it is surprisingly easy to produce low-oxygen levels that can lead to asphyxiation. A 
few breaths of concentrated nitrogen can cause a loss of muscle function. Immediate 


FIGURE B14.9a Typical installation for creating a freeze plug. (Team, Inc., Alvin, TX) 
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FIGURE B14.9b End view in which actual freeze plug can be seen. (Team, Inc., Alvin, TX) 


cardio-pulmonary resuscitation is required to restore oxygen to the lungs and 
allow recovery. 

The time required to form a freeze plug and the amount of liquid nitrogen 
required for a particular application may be estimated in advance using Freeze Stop 
Tables provided by the manufacturer of the freeze plug system. See Table B14.3 
for an example. Several factors in addition to pipe size influence the amount of 
nitrogen needed. They are: starting liquid temperature, liquid convection currents 
and flow in a connected pipe, high ambient temperature and winds, flow in the 
pipe if any, and radiation from the sun or surroundings. 

The primary indication of plug formation is the temperature of the pipe within 
the freeze jacket. For water, the temperature should be in the range of 0 to —20°F 
(—18 to —29°C). The secondary indication of success is a uniform band of frost 
formed completely around the pipe adjacent to the jacket. However, if a liner or 
process liquid sludge insulates the inside of the pipe, both may be false indications. 

Because the liquid expands upon freezing, once the freeze plug isolates a volume 
of liquid, further freezing of liquid will serve to compress the remaining trapped 
liquid. The pressure in the trapped liquid can rise to a dangerous level unless 
relieved by opening a valve, cracking a flange, or other controllable means. On the 
other hand, as the temperature of the freeze plug drops below the freezing point, 
microcracks will form in the ice because the ice shrinks faster than the pipe. How- 
ever, as soon as liquid enters the microcracks it will freeze and seal them. 

The best way to test a freeze plug is to create a pressure difference across the 
plug, and monitor the pressure in the region trapped by the freeze plug for a change 
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TABLE B14.3 Liquid Nitrogen Requirements for Freeze Stop 


Column III 


Column I 


Column II 


Time to Time to Time to Volume 
Pipe freeze, | Volume, | freeze, freeze, | Volume, | per hour 
diameter hour gallons hour gallons hour gallons to hold 


4 3 3 2 2, 1.06 1.5 


8 9 5 7 i 3 1.5 


19 .9 13 : 7 


57 1.3 39 : 20 


89 1.9 60 : 30 


83 x 42 


225 


350 


641 


768 


1283 


1617 


2435 


2940 


4126 


4832 


6460 


7448 


9073 


1 gallon = 3.785 liters 


180 liters = 47.6 gallons 


Water at 68°F Hold temperature —292°F 
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that would indicate a leak. Freeze plugs have been tested to very high pressures. 
Generally the pipe will fail before the failure of a fully formed plug. This is due 
to the high strength of the bond between the ice and the pipe. However, in the 
interest of safety, any test pressure must be safely below any expected minimum 
value of brittle failure. 

The liquid must wet the pipe to obtain a strong joint between the freeze plug 
and the pipe. Additionally, the plug strength increases with plug length. However, 
freeze jackets longer than three pipe diameters should not be employed due to the 
possibility of forming a double plug. A double plug can cause failure of the pipe 
within the jacket because of the very high pressure that is produced between two 
plugs that are close to each other. 

In order to form a freeze plug that seals, the pipe must be full of liquid. An air 
bubble in the top of the pipe makes it impossible to form a freeze plug across the 
entire pipe diameter. Hydrocarbons with light ends that gas when depressurized 
can prevent the formation of a complete plug. 

Also, hydrocarbon-based liquids, unlike water, do not have a specific freezing 
point temperature. Instead, they have a freeze range and become solid through a 
gradual increase in viscosity. Generally, if there is a question about the freeze point 
and characteristics of a fluid, a test sample may be frozen and evaluated. 

The liquid should be stationary at the time of the freeze. There is a critical flow 
rate and pipe diameter above which it is impossible to achieve a fully closed plug. 
The critical flow rate is determined by several factors in addition to pipe size. 
These are pipe orientation, pipe material and thickness, pipe diameter, inlet fluid 
temperature, fluid freezing temperature, pressure-head-creating flow, and flow rate. 
Generally it is not possible to freeze plugs under flowing liquid conditions unless 
the pipe is small and the flow and water temperatures are both low. 

It is sometimes difficult to know if there is flow in the line during a freeze unless 
there is an obvious leak. Undetected flow is probably the most common cause for 
an unsuccessful freeze. If freezing is taking longer than expected it may be possible 
to prove that this is due to flow in the pipe. Measuring the pipe wall temperature 
on both sides of the freeze plug does this. A difference in wall temperature on 
either side may indicate flow in a direction toward the lower temperature. Convec- 
tion currents will delay the formation of a freeze plug and can sometimes prevent 
it from forming completely. Eddy currents generated in a branch line by flow in a 
main line can also interfere with the formation of a freeze plug in the branch line. 
Therefore it is best to locate a plug in a branch line as far away as possible from 
a flowing main line. 

The pipe will contract in the longitudinal direction while the freeze plug is 
formed. This contraction will induce stress in any restrained section of pipe. The 
amount of contraction can easily be calculated to determine if resulting stresses 
will be too high to be safe. The freeze plug should not be located in any pipe 
fittings, valves, or other operating components. Although it is not recommended 
to locate freeze plugs at a pipe weld, freeze plugs have been successfully installed 
at pipe welds after adequate inspection and evaluation of the weld. The freeze area 
on the pipe should be inspected visually and nondestructively before a freeze. If 
significant flaws are detected, another section of the pipe should be chosen. 

Once the freeze plug has been successfully formed and tested, the downstream 
side of the plug may be drained to remove the remaining liquid. It is best to maintain 
the freeze operation for another 15 to 30 minutes before opening the pipe and 
making repairs or changes. The freeze must continue to be monitored while piping 
revisions or repairs are made. This is done by watching the temperatures at the 
ends of the freeze jackets and making adjustments to the nitrogen flow to maintain 
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the freeze plug until all work on the pipe is completed. No hammering or impact 
loads should be applied to the piping during a freeze. If it is necessary to unbolt 
a flange it should be hot bolted before freezing. Hot bolting consists of removing 
the studs and nuts one at a time and cleaning and lubricating them or replacing 
them with new studs and nuts. Pressure surges should also be avoided during 
the freeze. 

When the required work on the piping is complete, and the revisions or repairs 
have been tested, the plug(s) may be thawed. The thawing must be done so that 
the plug does not move and cause damage to the piping. The pipe should be 
completely liquid filled on both sides of the plug and the pressure equalized across 
the plug(s) during the thawing operation. These two actions reduce the ability of 
the plug to move during thawing. The liquid nitrogen must be drained from the 
freeze jacket(s) and the jacket(s) removed from the pipe to allow the plug(s) to 
thaw naturally. There is risk involved in warming the pipe from the outside to 
speed up the thawing. External heating of the pipe at the freeze-plug location could 
melt the interface between the plug and pipe wall, allowing the plug to move. This 
is most dangerous if the pipe is vertical, as the buoyancy of the plug would cause 
it to move upwards. 
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INTRODUCTION 


General Description 


Water-distribution systems that serve populated areas and industrial complexes, 
including offices and light and heavy industry, are classified broadly as being of the 
loop, gridiron, or tree types. Figure C1.1 describes these three types. Within the 
broad concept, there may be a combining of all three types used as the building 
blocks for the overall system. 

In the loop system, large feeder mains that surround areas many city 
blocks square serve smaller cross-feed lines connected at each end into the main 
loop. See Fig. C1.1a. 

In the gridiron (or grid) system, the piping is laid out in checkerboard fashion, 
with piping usually decreasing in size as the distance increases from the source of 
supply. See Fig. C1.1b. 

In the tree system, there is a single trunk main, reducing in size with increasing 
distance from its source of supply; branch lines are supplied from the trunk. See 
Fig. C1.1c. 

The grid and loop systems provide better reliability because of their multiple 
paths. Grid and loop systems are often backed up with feeder pipes leading directly 
from the pumping station to remote distribution centers serving to bolster the 
supply to meet increased demands with growth of population. 

Water distribution systems are made up of pipes, valves, and pumps through 
which water is moved from the source to homes, offices, and industries that consume 
the water. The distribution system may include facilities to store treated and un- 
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FIGURE C1.1 (a) Loop system, (b) grid system, (c) tree system. 


treated water for use during periods when demand is greater than the source can 
supply and when special service requirements must be satisfied. 

The distribution systems are subject to the requirements of local ordinances 
and state laws and health regulations. Two important requirements of any water 
distribution system are that it supply each user with a sufficient volume of water 
at adequate pressure; and for treated water systems, that the quality of the water 
be maintained by the treatment facility and distribution system. 


Types of Water Piping Systems 


There are four general types of piping systems in water distribution utilities: trans- 
mission lines, in-plant piping systems, distribution mains, and service lines. Transmis- 
sion lines carry water from a source of supply to the distribution system. Distribution 
mains are the pipelines that carry water from transmission lines and distribute it 
throughout a service area, e.g., a community or industrial complex. Service lines 
are small diameter pipes that run from the distribution mains to the user. 

The prime objective of a distribution network is to supply a sufficient quantity 
of water to all parts of the system, at pressures adequate for the requirements of 
the users at all times and under all conditions of their demands, including sufficient 
flow and pressure for fire-fighting purposes. Therefore, the selection of pipe sizes, 
material, geometry, and configuration in distribution networks is influenced more 
by the necessity of maintaining adequate water pressure than by the economics of 
pumping costs. 

The common industrial or power applications of water systems are condenser- 
circulating water and service cooling-water systems. A condenser uses circulating 
water to condense steam exhausted from the plant's turbines. In a large steam-power 
plant this requires a considerable amount of water to be continuously circulated. 
Consequently, since the circulating water directly affects the plant's efficiency and 
reliability, an efficient, reliable, and economical circulating water system is required. 

Service water systems provide cooling water to a plant's components, heat ex- 
changers, and other services required by the plant. Due to current environmental 
regulations, recirculation-type systems in which the same water is used repeatedly 
must be applied in most cases. Means of cooling the water is provided in the form 
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of cooling towers, spray ponds, or cooling ponds. Initial fill and makeup water, to 
compensate for evaporation, leakage, and blowdown, has to be provided from a 
river, lake, sea, or other large natural body of water. Some service water systems 
and, in nuclear plants, emergency service water systems may be once-through- 
type systems. 

A siphon system is one in which the siphon principle is employed to carry the 
water through elevated parts of the system, such as the condenser, in order to 
reduce the pumping power required. These elevated portions of the water system 
operate under a partial vacuum. A pressure system is one in which the water flows 
under a positive head throughout. This system is generally used with recirculating 
systems, such as with cooling tower installations. 

Vertical pumps set in an intake basin are usually the most suitable for circulating 
water and service water applications. The complexity of the intake structure is 
naturally affected by the number of pumps necessary for the system. Reliability 
points to the use of at least two pumps. The design criteria for the plant will dictate 
the final choice, whether it will be two pumps at two-thirds capacity each, or one- 
half capacity each, or some other number of pumps and load distribution. The 
capacity selection is the subject of a careful analysis, taking into account site space 
and hydraulic conditions, water requirement, variation of pumping head, the best 
efficiency range of the pumps, and the costs of various layouts and options. 

The intake chambers for vertical pumps require careful design for good pump 
operation. The design must bring about a uniform and undistributed flow of water 
to the pump without whirl. Most pump manufacturers and Hydraulic Institute have 
design suggestions for intake chambers for their particular pumps. There are no 
standard solutions to vertical-pump intake problems, so each vertical-pump installa- 
tion should be studied individually. 

Booster pumps may be required to ensure pressure to most distant higher eleva- 
tion points without overpressurizing the lowest components. Horizontal pumps are 
generally suited for this application. 

The intake piping to the suction of horizontal pumps should be designed so as 
to avoid air pockets. Also, the water-flow velocity should be made uniform over 
the suction inlet area by placing bends as far as possible from the pump inlet. 

Discharge Structure. On the discharge end of once-through cooling water sys- 
tems, an underwater (or sealed) discharge must be provided to prevent entry of 
air into the piping, which would otherwise break the siphon action at the condenser. 
For complex systems an extensive load analysis is performed to establish a seal 
elevation that is adequate for all operating conditions. Refer to the section on 
hydraulic grade lines. One means of providing this seal is through the use of a seal 
well, that is, a basin with a water level controlled by an overflow weir. The seal- 
well water level regulates the height of the siphon recovery, and it is the final 
elevation to which the system circulating pump delivers the water. 

Beyond the seal well, the discharge into the river or other body of water must 
be done in such a way that the discharge velocity is dissipated without washing 
away banks, tearing up the bottom, undermining the discharge piping, or permitting 
uncontrolled recirculation to the intake. 

These systems require attention to problems such as air binding and water 
hammer, as discussed in this chapter. 

A concern about maintaining reliability in plants utilizing raw water for cooling 
is the accumulation of microbiological growth and sediment accumulation (silting). 
A critical concern in nuclear plants is keeping piping and components free of 
clogging or bacterial attack. Strong prevention and maintenance programs are the 
norms for important systems. 
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The design of high-temperature, high-pressure piping such as boiler feedwater 
(FW) systems require considerable experience and study. Refer to Chap. B2. Besides 
those typical hydraulic problems inherent in lower pressure, lower temperature 
systems, concern for flashing cavitation and the problems associated with handling 
two-phase flow and large-system transients are encountered. Refer to Chap. B8 
and App. E9. 

Velocities ranging from 10 to 25 ft/sec (3 to 7.6 m/sec) in high-pressure and 
high-temperature water systems are normal, as the fluid is usually high-quality, low- 
solids water. Piping material can range from carbon steel, such as ASTM A106 on 
the low-temperature end, to carbon, molybdenum and chrome, and molybdenum 
alloy steels such as ASTM A335 after the high-pressure heater temperature above 
750°F (399°C). FW piping is usually seamless and employs welded joints. Flanged 
connections, where required, must use a temperature-resistant gasket. Refer to 
Chap. A7. 


Network Analysis of Distribution Systems 


The complexity of the analysis required for a well-designed water-distribution sys- 
tem is comparable to that of utility electric power networks. There are several 
procedures that may be used for the analysis of flow in complex piping networks, 
such as the Hardy-Cross method. All such methods involve the solution of a flow 
problem considering head losses of a complex distribution network resulting in 
extremely tedious and time-consuming trial and error calculations. With the devel- 
opment of state-of-the-art computer hardware and software, complex network prob- 
lems involving hundreds of branches can be solved in a relatively short time. Illustra- 
tive Example Cl.1 presents a sample problem using the Hardy-Cross method of 
flow-network solution. 


Illustrative Example C1.1 


1. Make a skeleton drawing of the network. Indicate by appropriate arrows the 
points of constant flow input or output, constant head input or output (see Fig. C1.2). 


2. Number all loops in the system in arbitrary sequence. Do not include “loops 
around loops." For example, in Fig. C1.3 there are two loops, not three. The large 
loop (abcdefg) is not numbered. The two basic loops (abfg and bcdef ) are numbered. 


3. Number each line. A line has two ends. An end may be a point at which 
water is drawn from or added to the system, one at which pipe characteristics 


d 
e 


FIGURE C1.2 FIGURE C1.3 
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FIGURE C1.4 FIGURE C1.5 


change, or a tee joint. For example, in Fig. C1.4, the point x is the meeting of three 
lines, not two; point y is the meeting of two lines where an NPS 8 (DN 200) pipe 
joins a NPS 10 (DN 250) pipe; point z is simply a bend in the single pipe and is 
not the end of any line, although it could have been specified as one, if desired. 
Figure C1.4 shows the complete numbering of the system shown in Fig. C1.2. Note 
that each line is numbered once and only once, even though it may be in more 
than one loop. Also note that the numbering is serial; that is, if there are n branches, 
each of the numbers from 1 to n must be used in the numbering. 


4. Assign a base direction. Put an arrow on each line in loop 1, indicating the 
clockwise direction (as shown in Fig. C1.5). Then put an arrow on each line in loop 
2, indicating clockwise direction, except where a line which previously has been 
assigned a direction is encountered. Then the original assignment is not changed. 
In Fig. C1.5, line 4 is a member of loop 1 and also of loop 2 but has been given a 
base direction of loop 1. The line 4 assignment is not changed. This process is 
continued for every loop in the network, an arrow being assigned in a clockwise 
direction whenever it has not been assigned previously. 


5. In water-distribution systems, the situation often is encountered where system 
pressure must be raised by the use of booster pumps in series with the supply 
pipeline. If the higher pressure area is connected to the remainder of the system 
at one point only, the two pressure-zone networks are hydraulically independent 
problems. If the pressure zones are connected at two or more points, the booster 
pumps must be included in the appropriate loops. 

For all loops containing booster pumps, an unbalanced or residual head Ho must 
be determined. This is done by algebraically summing the assumed constant head 
changes at the boosters in a clockwise direction. 

Note that head /osses are considered as positive in sign, so proceeding from the 
suction side of a pump to the discharge side gives a negative head loss. 

Following the hydraulic analysis, a 
check should be made to assure that the 
pumping head assumptions are suffi- 
ciently accurate. The resulting flow-rate 
values should allow optimum hydraulic 
design of the booster-station installa- 
tions. 


A 


6. Additional *pseudo-loops" must 
now be added to the list if there is more 
than one constant head input (see Fig. 
C1.6). If the number of such inputs FIGURE C1.6 


Pseudo- loop 
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is m, trace (m — 1) paths between inputs in the same manner in which the loops 
were traced, making sure that each constant head input is used at the end of at 
least one of these loops. If the direction of procedure is from the lower to the 
higher input in each path, Ho will be the positive difference in the head loss between 
the two inputs. If booster pumps are encountered, the head change across such 
pumps must be algebraically added to the head difference between the inputs in 
order to obtain the Hj, for the pseudo loops. 

When the listing of all the loops has been completed (including the consideration 
of booster pumps), the work should be carefully checked, preferably by a second 
person, since any errors will completely upset the calculations. 

Note that pseudo loops do not introduce any new lines. Note also that each 
pseudo loop must be assigned its own number. 


7. 'The only remaining task is to supply initial flow values and pipe characteristics 
which the computer can use as starting values for the calculations. The only restric- 
tion on these values is that they satisfy the mass balance condition at each junction. 
That is, the sum of the flow into a junc- 
tion must equal the sum of the flows out 150 
of the junction. For example, Fig. C1.7 
shows the junction of lines 3, 4, and 6; 
flows of 50 gpm in line 3 and 100 gpm 
in line 6 would satisfy the condition. 

Proceeding in this manner, balance 

every junction in the network, working 
toward the variable-flow  (constant- FIGURE C1.7 
head) inputs which can take up the slack. 
When all flows are specified, check the accuracy of the work by summing the inputs 
and outputs. If these sums are unequal, some computational error has been made 
and must be corrected. The complete schematic for this system is shown in Fig. 
C1.8. This schematic includes the assumed starting values of the flows. 


Several personal computer (PC)-based and main-frame computer software pro- 
grams are available that handle steady-state and transient-flow analysis in piping 
systems. Refer to App. E9 for list of computer programs. Any system configuration, 
including a variety of components such as storage tanks, pumps, check valves, 
pressure regulating valves, variable pressure supplies, among others, can be ana- 
lyzed. These programs can also utilize extended-period simulations of a piping 
system over a long period of time. These simulations can assess the effect of varying 
water levels in tanks or reservoirs and can take into account such occurrences as 
pump operation controlled by water levels or pressure levels. Demand patterns can 
be varied throughout the simulation to provide a set of solutions for study. These 
programs can handle any liquid using English and Standard International (SI) units. 

In all flow network problems the following conditions must be satisfied: 


1. The algebraic sum of the pressure changes around each circuit must be equal 
to zero. 
2. The algebraic flows into and out of each junction must equal zero. 


3. The proper relationship between head loss, h, and discharge flow, Q, must be 
maintained for each pipe. 


Parallel and Series Piping. A combination of two or more pipes connected so 
that the flow is divided among the pipes then joined again, is a parallel-pipe system. 
In series pipes the same fluid flows through all the pipes, and the head losses are 
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FIGURE C1.8 


cumulative; however, in a parallel piping system the head losses (hj, hp, hy) are 

the same in each parallel branch associated with that system, and the discharge flows 

(Qi. Q2, Q3) are cumulative. When analyzing parallel-pipe systems, an assumption is 

made to add minor losses into the lengths of each pipe as equivalent lengths. 
From Fig. C1.9 the conditions to be satisfied are 


Pa Pp 
hfi, hyo, hg = (<t+24)- (2 +z.) (C1.1) 


in which Z,, Zg are elevations of points A and B, y, is the density of the fluid and 
Q is the discharge flow through the approach pipe and the exit pipe. 
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FIGURE C1.9 
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Illustrative Example C1.2 

Lj = 3000ft D, =1ft s; = 0.001 ft 

Ly = 2000 ft Do, —8in & = 0.0001 ft 

L3 = 4000 ft D3 = 16in 23 = 0.0008 ft 

p = 2.00 slugs/fÜ v = 0.00003 ft?/s pa = 80psi za = 100 ft zg = 80 ft 
For a total flow of 12 ft/s, determine flow through each pipe and the pressure at B. 


Assume Q', = 3 ft/s; then V'i = 3.82, R', = 3.82 X 1/0.00003 = 127,000, 
e,/D, = 0.001, f', = 0.022, and 


3000 (3.82)? 


h^, — 0.022 x 
L0 644 


— 14.97 ft 


For pipe 2 


2000 V7? 


Hore be 


Then £;/D, = 0.00015. Assume f’, = 0.020; then V’, = 4.01 ft/s, R'; = 4.01 X 
2% X 1/0.00003 = 89,000 f’, = 0.019, V'; = 4.11 ft/s, Q'; = 1.44 ft/s. 

For pipe 3 
4000 V? 


14.97 = 1333 26 


Then ez;/D, = 0.0006. Assume f', = 0.020; then V’; = 4.01 ft/s, R', = 
4.01 X 1.333/0.00003 = 178,000, f’; = 0.020, Q'. = 5.60 ft/s. 
The total discharge for the assumed conditions is 


EO’ = 3.00 + 1.44 + 5.60 = 10.04 ft*/s 


Hence 
0r 308 E A T Oya T 
!— 1004 mE y 2 — 10.04 AD : 
5.60 
= 12 = 6.70 f? 
Qs 10.04 * P 


Checking the values of h4, hz, hs, 


3.58 
VQ = — = 4.46 R, = 152,000 f; =0.021 hj, —204ft 
m/4 
1.72 : : 
Vo = —— = 4.93 R= 109,200 /f5-0.19 HAy,-21.6ft 
7/9 i 
6.70 ; : 
V3 = ——— = 4.80 R; =213,000 f3} =0.019 hy;-—204ft 


4n /9 
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f» is about midway between 0.018 and 0.019. If 0.018 had been selected, h, would 
be 20.4 ft. 


To find pz, 
PA pas zp thy 
Y Y 
or 
Peo 80 x 144 
= + 100 — 80 — 20.8 = 183.5 
y 62.4 


in which the average head loss was taken. Then 


_ 183.5 x 2 x 32.2 


PR 144 81.8 psi 

Two types of problems occur (1) with the elevation of the hydraulic grade line 
at A and B known, to find the discharge Q; (2) with Q known, to find the distribution 
of flow and the head loss. Sizes of pipes, fluid properties, and pipe wall roughness 
are assumed to be known. 

The first type is the solution of a traditional pipe discharge problem, as the head 
loss is the drop in the hydraulic grade line. The individual discharges are then added 
to determine the total discharge. The second type is more complex, as neither the 
head loss nor the discharge for any one pipe is known. This type of problem can 
be solved by 


. Assuming a discharge Q’, through pipe 1 
. Solving for h,, using the assumed discharge 
. Using h'n, find Q^, Q's, 


. With the three discharges flowing with a common head loss, now assume that 
the given Q is split up among the pipe in the same proportion as Q'i, Q^», Q’; thus 


Qi 


A U N B 


Qi = Q (C1.2) 
Qo»-— 2 (C1.3) 
Q3 = e (C1.4) 


5. Check the correctness of these discharges by computing hp, hy, hy; for the 
computed Q,, Q, and Q; flows. 


Some other important relationships to consider in complex flow problems include 
the following: 


eV 


Values of (VD ") for water at 60°F (velocity in ft/s X diameter in inches) 


04 02 03 040508 08 1 2 3 6 8 10 30 40 60 dead 400 600 800 1000 * 2000 4000 8000 10,000 
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Relative roughness £/D 


Friction factor f 


Reynolds number R = VD /v (Vin ft/s, Din ft, v in ft/s) 


FIGURE C1.10 Moody diagram. Friction factors for any kind and size of pipe. (Hydraulic Institute.) 
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TABLE C1.1 Properties of Water at Various Temperatures from 32 to 720°F 


Specific gravity 


C.13 


Specific Vapor 
Temp. Temp. volume 39.2F 60 F 68 F Wt in pressure 
(°F) (°C) (Cu: ft/lb) Reference Reference Reference  lb/cu ft psi abs 
32 0 .01602 1.000 1.001 1.002 62.42 0.088 
35 1.7 .01602 1.000 1.001 1.002 62.42 0.100 
40 4.4 .01602 1.000 1.001 1.002 62.42 0.1217 
50 10.0 .01603 .999 1.001 1.002 62.38 0.1781 
60 15.6 .01604 .999 1.000 1.001 62.34 0.2563 
70 21.1 .01606 .998 .999 1.000 62.27 0.3631 
80 26.7 .01608 .996 .998 .999 62.19 0.5069 
90 32.2 .01610 .995 .996 .997 62.11 0.6982 
100 37.8 .01613 .993 .994 .995 62.00 0.9492 
120 48.9 .01620 .989 .990 .991 61.73 1.692 
140 60.0 .01629 .983 .985 .986 61.39 2.889 
160 71.1 .01639 .977 .979 .979 61.01 4.741 
180 82.2 .01651 .970 .972 .973 60.57 7.510 
200 93.3 .01663 .963 .964 .966 60.13 11.526 
212 100.0 .01672 .958 .959 .960 59.81 14.696 
220 104.4 .01677 .955 .956 .957 59.63 17.186 
240 115.6 .01692 .947 .948 .949 59.10 24.97 
260 126.7 .01709 .938 .939 .940 58.51 35.43 
280 137.8 .01726 .928 .929 .930 58.00 49.20 
300 148.9 .01745 .918 .919 .920 57.31 67.01 
320 160.0 .01765 908 909 910 56.66 89.66 
340 171.1 .01787 896 898 899 55.96 118.01 
360 182.2 01811 .885 .886 .887 55.22 153.04 
380 193.3 .01836 873 .874 .875 54.47 195.77 
400 204.4 .01864 .859 .860 .862 53.65 247.31 
420 215.6 .01894 .846 .847 .848 52.80 308.83 
440 226.7 .01926 .832 .833 .834 51.92 381.59 
460 237.8 .0196 .817 .818 .819 51.02 466.9 
480 248.9 .0200 .801 .802 .803 50.00 566.1 
500 260.0 .0204 -785 .786 787 49.02 680.8 
520 271.1 .0209 765 .766 767 47.85 812.4 
540 282.2 .0215 746 747 748 46.51 962.5 
560 293.3 .0221 -720 127 728 45.8 1133.1 
580 304.4 .0228 -703 -704 .704 43.9 1325.8 
600 315.6 .0236 .678 .679 .680 42.3 1542.9 
620 326.7 .0247 .649 .650 .650 40.5 1786.6 
640 337.8 .0260 617 .618 .618 38.5 2059.7 
660 348.9 .0278 577 577 578 36.0 2365.4 
680 360.0 .0305 525 526 527 32.8 2708.1 
700 371.1 .0369 434 .435 .435 27.1 3093.7 
720 374.1 .0503 319 319 320 19.9 3206.2 


Computed from Keenan & Keyes' Steam Table. 
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In the turbulent region, Reynolds number above 2000 (see Moody diagram, Fig. 
C1.10, to determine region and establish relationship for head loss), the pressure 
drop A varies as the 1.85 power of the flow rate Q, that is: 


h 1.85 


In the viscous flow region (low flow, Reynolds number below 2000), the pressure 
drop varies directly as the flow or 
h 
EO (C1.6) 
h Q2 


For the same flow, pressure drop varies approximately as the fifth power of the 
inside diameter D, so that, 


hi D?\° 
oD (C1.7) 


These relationships have been widely used and have resulted in handy pressure 
drop tables. Appendix E.4 provides friction-loss data for water and commonly used 
steel pipe and lined ductile iron pipe (DIP) in some representative sizes. Table 
C1.1 provides properties of water at various temperatures. Figure C1.10 provides 
friction factors for any kind and size of pipe, based on pipe relative roughness and 
Reynolds number. 


HYDRAULIC AND ENERGY GRADE LINES 


The concepts of hydraulic and energy grade lines are useful in analyzing more 
complex water flow problems (see Fig. C1.11). If, at each point along a pipe system, 
the term P/y is determined and plotted as a vertical distance above the center of 


120ft x 


Energy grade line 
Hydraulic grade line 


6-in.-diam pipe 


K=10 f=0.020 
Arbitrary datum 2 


E 
Loss due to nozzle 0.10 2g 


FIGURE C1.11 Hydraulic and energy grade lines. 
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the pipe, the connection of these points is the hydraulic grade line. More generally 
the plot of the two terms 


Pz 
y 


for the flow as the ordinate against length along the pipe as abscissa produces the 
hydraulic grade line. 

The hydraulic grade line is the locus of heights to which liquid would rise in 
vertical glass tubes connected to piezometer openings in the line. When the pressure 
in the line is less than atmospheric, p/y is negative and the hydraulic grade line is 
below the pipeline. 

The energy grade line is a line joining a series of points marking the available 
energy in ft-Ib/Ib for each point along the pipe as the ordinate, plotted against 
distance along the pipe as the abscissa. It consists of the plot of 

y2 

ee ee, 

2g y 
for each point along the line, where g = acceleration due to gravity, 32.2 ft/sec? 
[9.8 m/sec?]. The energy grade line is always vertically above the hydraulic grade 
line by a distance of V?/2g, neglecting the kinetic-energy correction factor. 


FIGURE C1.12 Pipes connected in series. 


Pipes in Series 


When two pipes of different sizes or roughness are connected so that fluid flows 

through one pipe and then through the other pipe, they are said to be connected 

in series. By applying the energy equation, including all losses, for the system in 

Fig. C1.12, for known lengths and sizes of pipes, the relationship between head loss 
and flow can be expressed as 

Hu ge fili VQ RAV? DUE 

2g Dj 2g D, 2g 2g 


(C1.8) 


where 
K, = entry loss coefficient 
Kexit = exit loss coefficient 
Lı, Ly = pipe length of sections | and 2 respectively 
Di, D2 = pipe diameter of sections 1 and 2 respectively 


Vi, V2 = velocity of flow in sections 1 and 2 respectively 
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Series pipes may be solved by the method of equivalent lengths. Two-pipe 
systems are said to be equivalent when the same head loss produces the same 
discharge in both systems. This is expressed as 


L L 
fi 2 E f 2 (C19) 
D} D; 
Solving for L, 
bo =L (2 (C1.10) 
d 'RNDI ` 


which determines the length of a second pipe to be equivalent for use with velocity 
of the first pipe. 


REFERENCE DOCUMENTS 


Codes and Standards 


Table C1.2 provides a listing of the most commonly used industry codes and stan- 
dards in water-systems design, fabrication, assembly, and testing. 


American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel 
Code. The ASME code covers design and construction of boilers (Section I) or 
nuclear power plant components (Section III). Insurance companies and most state 
and municipal authorities recognize this code and make it a prerequisite for accep- 
tance and installation of such power equipment within their jurisdiction. 

The Code involves eleven sections, of which the following are concerned with 


piping: 
Section I Power Boilers 
Section II Materials 
Section III Nuclear Power Plant Components 
Section XI Rules for Inservice Inspection of Nuclear Power Plant Components 


ASME Code for Pressure Piping, B31 


B31.1 Power Piping 
B31.3 Process Piping 
B31.9 Building Services Piping 


Other Standards 


American Petroleum Institute 
American Welding Society 
American Water Works Association 


TABLE C1.2 


AWWA 


designation designation 


ANSI 
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Title 


C-104-95 
C-105-93 
C-110-93 
C111-95 
C115-94 
C150-96 
C151-96 


C153-94 


C200-97 
C203-97 


C205-95 


C206-97 
C207—94 


C208-96 


C209-95 


C210-97 


C213-96 


C214-95 


C215-94 


C216-94 


C217-95 


A21.4 
A21.5 
A21.10 
A21.11 
A21.15 
A21.50 
A21.51 


A21.53 


AWWA standards for ductile-iron pipe and fittings 


Standard for Cement-Mortar Lining for Ductile-Iron Pipe and 
Fittings for Water 

Standard for Polyethylene Encasement for Ductile-Iron 
Piping for Water and Other Liquids 

Standard for Ductile-Iron and Gray-Iron Fittings, 3 in. (75 mm) 
through 48 in. (1200 mm) for Water and Other Liquids 

Standard for Rubber Gasket Joints for Ductile-Iron and 
Gray-Iron Pressure Pipe and Fittings 

Standard for Flanged Ductile-Iron Pipe with Threaded Flanges 

Standard for Thickness Design of Ductile-Iron Pipe 

Standard for Ductile-Iron Pipe, Centrifugally Cast in Metal 
Molds or Sand-Lined Molds, for Water or Other Liquids 

Standards for Ductile-Iron Compact Fittings 3 in. through 
24 in. (75 mm through 610 mm), and 54 in. through 64 in. 
(1400 mm through 1600 mm) for water service 

AWWA standards for steel pipe 

Standard for Steel Water Pipe 6 in. (150 mm) and Larger 

Standard for Coal-Tar Protective Coatings and Lining for Steel 
Water Pipelines Enamel and Tape—Hot Applied 

Standard for Cement-Mortar Protective Lining and Coating for 
Steel Water Pipe 4 in. and Larger—Shop Applied 

Standard for Field Welding of Steel Water Pipe 

Standard for Steel Pipe Flanges for Waterworks Service Sizes 
4 in. through 144 in. (100 mm through 3600 mm) 

Standard for Dimensions for Fabricated Steel 
Water Pipe Fittings 

Standard for Cold-Applied Tape Coatings for the Exterior of 
Special Sections, Connections, and Fittings for Steel 
Water Pipelines 

Standard for Liquid Epoxy Coating Systems for the Interior 
and Exterior of Steel Water Pipelines 

Standard for Fusion Bonded Epoxy Coating for the Interior 
and Exterior of Steel Water Pipelines 

Standard for Tape Coating Systems for the Exterior of Steel 
Water Pipelines 

Standard for Extruded Polyolefin Coatings for the Exterior 
of Steel Water Pipelines 

Heat-Shrinkable Cross-Linked Polyolefin Coatings for the 
Exterior of Special Sections, Connections and Fittings for 
Steel Water Pipelines 

AWWA Standard for Cold-Applied Petrolatum Tape and 
Petroleum Wax Tape Coatings for the Exterior of Special 
Sections, Connections, and Fittings for Buried Steel Water 
Pipelines 
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TABLE C1.2 (Continued) 


AWWA ANSI 
designation designation Title 

C218-95 — AWWA Standard for Coating the Exterior of 
Aboveground Steel Water Pipelines and Fittings 

C219-97 — AWWA Standard for Bolted, Sleeve-Type Couplings for 
Plain-End Pipe 

C220-92 = AWWA Standard for Stainless Steel Pipe, 
4 in. (100 mm) and Larger 

C221-97 = AWWA Standard for Fabricated Steel Mechanical 
Slip-Type Expansion Joints 

AWWA standard for concrete pipe 

C300-97 — Standard for Reinforced Concrete Pressure Pipe, Steel 
Cylinder Type, for Water and Other Liquids 

C301-92 = Standard for Prestressed Concrete Pressure Pipe, Steel 
Cylinder Type, for Water and Other Liquids 

C302-95 = Standard for Reinforced Concrete Pressure Pipe, 
Non-cylinder Type 

C303-95 — Standard for Concrete Pressure Pipe, Bar-Wrapped 
Steel-Cylinder Type 

C304-92 — Standard for Design of Prestressed Concrete Cylinder 


Pipe Asbestos-Cement Pipe 
AWWA standards for asbestos-cement pipe 
C400—93 = Standard for Asbestos-Cement Distribution Pipe 
4 in. through 16 in. (100 mm through 400 mm), 
for Water Distribution Systems 
C401-93 — Standard for the Selection of Asbestos-Cement Pressure 
Pipe, 4 in. through 16 in. (100 mm through 400 mm), 
for Water Distribution Systems 
C402—95 — Standard for Asbestos-Cement Transmission Pipe, 18 in. 
through 42 in. (450 mm through 1050 mm) for Potable 
Water and Other Liquids 
C403—95 — Standard for the Selection of Asbestos-Cement Transmission 
and Feeder Main Pipe, Sizes 18 in. through 42 in. 
(450 mm through 1050 mm) 
AWWA standards for valves and hydrants 


C500—93 = Standard for Metal-Sealed Gate Valves for 
Water-Supply Service 

C501-92 = Standard for Cast-Iron Sluice Gates 

C502-94 — Standard for Dry-Barrel Fire Hydrants 

C503-88 — Standard for Wet-Barrel Fire Hydrants 

C504-94 — Standard for Rubber-Seated Butterfly Valves 

C507-91 = Standard for Ball Valves 6 in. through 48 in. 
(150 mm through 1200 mm) 

C508-93 = Standard for Swing-Check Valves for Waterworks Service, 
2 in. (50 mm) through 24 in. (600 mm) NPS 

C509-94 — Resilient-Seated Gate Valves for Water Supply Service 

C510-97 — AWWA Standard for Double Check Valve Backflow- 
Prevention Assembly 

C511-97 = AWWA Standard for Reduced-Pressure Principle 


Backflow-Prevention Assembly 


TABLE C1.2 (Continued) 
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AWWA ANSI 
designation designation Title 

C512-92 — AWWA Standard for Air-Release, Air/Vacuum, and 
Combination Air Valves for Waterworks Service 

C513-97 = AWWA Standard for Open-Channel, Fabricated Metal 
Slide Gates 

C540-93 = Standard for Power-Actuating Devices for Valves and 
Sluice Gates 

C550-90 = Standard for Protective Epoxy Interior Coatings for 
Valves and Hydrants 

AWWA standards for pipe installation 

C600—93 = Standard for Installation of Ductile-Iron Water Mains and 
Their Appurtenances 

C602-95 x Standard for Cement-Mortar Lining of Water Pipelines— 
4 in. (100 mm) and Larger in Place 

C603-96 == Standard for Installation of Asbestos-Cement Pressure Pipe 

C605—94 — AWWA Standard for Underground Installation of Polyvinyl 
Chloride (PVC) Pressure Pipe Fittings for Water 

C606-97 = Standard for Grooved and Shouldered Joints 

C651-92 = Standard for Disinfecting Water Mains 

C652-92 = Standard for Disinfection of Water Storage Facilities 

C653-97 = Standard for Disinfection for Water Treatment Plants 

C654-97 = Standard for Disinfection of Wells 

AWWA standards for meters 

C700—95 — Cold Water Meters— Displacement Type, Bronze 
Main Case 

C701-88 = Cold Water Meters—Turbine Type, for 
Customer Service 

C702-92 = Cold Water Meters—Compound Type 

C703-96 aS Cold Water Meters—Fire-Service Type 

C704—92 — Cold Water Meters— Propeller Type for Waterworks 
Applications (R 1984) 

C706—96 = Standard for Direct Reading Remote-Registration Systems 


C707-82(R 92) 
C708—96 
C710-95 
C800-89 
C900—97 
C901—96 


C905-97 


for Cold Water Meters 

Standard for Encoder-Type Remote-Registration Systems 
for Cold Water Meters 

Standard for Cold Water Meters—Multi-Jet Types 

AWWA Standard for Cold-Water Meters—Displacement 
Type, Plastic Main Case (Includes addendum C710a—91.) 

AWWA standard for service lines 

Standard for Underground Service Line Valves and Fittings 

AWWA standard for plastic pipe 

Standard for Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. 
through 12 in. (100 mm 300 mm) for Water Distribution 

Standard for Polyethylene (PE) Pressure Pipe and Tubing, 
15 in. (13 mm) through 3 in. (76 mm) for Water Service 

Standard for Polyvinyl Chloride (PVC) Pressure Pipe and 
Fabricated Fittings, 14 in. through 48 in. (350 mm through 
1,200 mm), for Water Transmission and Distribution 
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TABLE C1.2 (Continued) 


AWWA ANSI 
designation designation Title 

C906—90 — Standard for Polyethylene (PE) Pressure Pipe and Fittings, 
4 in. through 63 in., for Water Distribution 

C907—91 — Standard for Polyvinyl Chloride (PVC) Pressure Fittings 
for Water—4 in. through 8 in. (100 mm through 200 mm) 

C908—97 = Standard for PVC Self-Tapping Saddle Tees for Use on 
PVC Pipe 

C950-95 ree Standard for Fiberglass Pressure Pipe 

AWWA standards for storage 

D100-96 m Standard for Welded Steel Tanks for Water Storage 

D101-53(R86) — Standard for Inspecting and Repairing Steel Water Tanks, 
Standpipes, Reservoirs and Elevated Tanks for Water 
Storage (R 1986) 

D102-97 — Standard for Painting Steel Water-Storage Tanks 

D103-97 = Standard for Factory-Coated Bolted Steel Tanks for 
Water Storage 

D104-97 — Standard for Automatically Controlled, Impressed-Current 
Cathodic Protection for the Interior of Steel Water Tanks 

D110-95 ES Standard for Wire- and Strand-Wound Circular Prestressed- 
Concrete Water Tanks 

D115-95 ux AWWA Standard for Circular Prestressed Concrete Water 
Tanks with Circumferential Tendons 

D120-84(R89) — Standard for Thermosetting Fiberglass-Reinforced 
Plastic Tanks 

D130-96 = Standard for Flexible Membrane-lining and Floating Cover 


Materials for Potable-Water Storage 
AWWA standard for vertical turbine pumps 
E101-88 — Standard for Vertical Turbine Pumps—Line Shaft 
and Submersible Types 


Pipe Fabrication Institute 


National Fire Protection Association (NFPA) 


DESIGN BASIS CONSIDERATIONS 


Design Criteria 


Design Pressure. In the design of water piping systems the following guidance is 

provided in determining and specifying system-design pressure requirements. 
The design pressure shall be based on the maximum expected operating pressure 

of a particular system which is determined from the maximum operating pressure 
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of the connected pump, pressure vessels, relief valve settings, et cetera, depending 
on the type of system and equipment used. Reasonable margin shall be added to 
cover variations in expected maximum performance, transients, and control toler- 
ances. 

The internal design pressure, including the effect of the static head and allowance 
for pressure surges, shall not be less than the maximum sustained fluid operating 
pressure. Consideration shall also be given to pump shut-off pressure. 

Piping subject to external pressure shall be designed for the maximum differential 
pressure anticipated during operating, shutdown, or test conditions, excluding pres- 
sure tests. Refer to Chap. B2. For buried piping this includes loading due to earth 
cover and traffic. 

In accordance with ASME B31.1, Paragraph 102.244, the piping system shall be 
considered safe for occasional short operating periods at higher than design pressure 
or temperature, if the calculated stress value is not exceeded by more than 15 
percent during less than 10 percent of any 24-hour operating period or by more 
than 20 percent during less than 1 percent of any 24-hour operating period. 

A piping system is considered safe for operation if the maximum sustained 
pressure and temperature which may act at any part or component of the system 
does not exceed the maximum pressure and temperature determined in accordance 
with Code rules by the Power Piping Code ASME B31.1. Allowable stress values 
and pressure-temperature ratings are provided by the piping codes and the standards 
referenced therein. 


Design Temperature. In the design of water distribution systems, the following 
guidance is provided in determining and specifying system-design temperature re- 
quirements. 

The design temperature shall be determined on the basis of the maximum 
expected operating temperature. The effects of pumping, throttling, heating, cooling, 
et cetera, must be considered in the determination of the design temperature of 
the piping system. 


Pipe Sizing Criteria. Typically, total piping system cost is approximately 7 to 8 
percent of the total plant investment. These values range upward to 30 percent for 
municipal water systems and some ships. Selection of pipe sizes, beside affecting 
initial cost, will also affect operating costs due to their sensitivity to changes in 
pressure drop, heat losses, and maintenance requirements. 

Selection of a pipe-line size involves determination of an optimum size. For 
instance, if extra pumping is needed to boost the fluid pressure or if the heat rate 
will be affected adversely, then the cost of the extra energy required becomes a 
significant factor in the evaluations. The optimum pipe size is obtained when the 
sum of installed and operating costs is at the minimum. 

Piping optimization is not widely used in preliminary calculations. Where the 
pressure drop is defined by other considerations, the minimum pipe size compatible 
with good engineering practice will be selected. 

Other related considerations which have an important impact on pipe size selec- 
tion, include: 


1. Noise—which can result from high velocity flow, cavitation or two-phase flow. 


2. Vibration—which can result from noise, excessive velocities at changes in the 
direction of the fluid flow, or the causes of cavitation. 


3. Erosion or corrosion—due to chemical action of the fluid, excessive velocities, 
cavitation, and excessive turbulence at fittings, valves, branch connections, etc. 
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4. Flow distribution—the more uniform the cross-sectional velocity profile, the 
more likely that the above factors will be reduced. This can be achieved by using 
reasonable velocities along with a piping layout that will produce a smooth 
flow pattern. 


5. Cavitation—which can result from the collapse of bubbles close to a metallic 
surface at a high enough velocity to cause erosion, and two-phase flow fluids. 


Effects of Velocity. Higher allowable velocities will lead to smaller pipe sizes and 
higher pressure drops. Excessively high velocities can cause noise, vibration, and 
erosion. Velocities in pump-suction lines shall be kept sufficiently low in order to 
maintain the pump’s required net positive suction head (NPSH). 

The pressure drop in a system can be decreased by selecting a larger pipe size 
or sometimes by using more than one pipe for the total flow. 

For water piping systems a velocity in the range of 4 to 15 ft/sec (1.2 to 4.6 
m/sec) is acceptable. Depending upon the material selected, piping design and size 
is either in the low or high side of this range, considering the economics of system 
installation and operation. For example, for brass pipe a velocity between 4 to 15 
ft/sec (1.2 to 4.6 m/sec) would be recommended, while for steel pipe, a velocity of 
7 to 10 ft/sec (2.1 to 3 m/sec) is the recommended range, while velocities to 30 
ft/sec (9.1 m/sec) may be acceptable. Higher velocities are acceptable if materials 
less susceptible to erosion (e.g., stainless steel) are selected. Concurrently reducing 
vibration and meeting system hydraulic requirements will reduce the piping’s suscep- 
tibility to erosion. In all cases, it should be recognized that these ranges are recom- 
mended only if system operating requirements are also satisfied. High velocities 
are often conducive to water hammer problems. 


Pipe-Wall Thickness Selection. After determining the internal diameter of the 
pipe, the designer must select materials, consider their strength, and select a pipe- 
wall thickness or schedule, as a function of temperature, pressure, corrosion, erosion, 
vibration, and external loads, as required. 

Pipe-wall thickness determination begins with the basic hoop stress in the pipe 
wall. This stress calculation ignores longitudinal wall stress that exists if the pipe 
has closed ends. An example of this is a flask or short header. 

Advanced analysis shows that for thin-wall pipe, the outside diameter should 
be used in the hoop stress equation: 


p PD, 
F 2tmin 


(CI.11) 


where P = internal design pressure, psig (kPa) [gauge] 
D, — outside diameter of pipe, in (mm) 
tmin = minimum required pipe wall thickness, in (mm) 
S — allowable stress, psi (kPa) 


This equation, called the Barlow formula, is the basis for most code stress- 
pipewall-thickness calculations such as those provided in ASME B31.1 and B313. 
The formula also applies to thick-walled pipe. 

The Barlow formula allows determination of wall thickness for flexible pipe 
required to handle internal pressure. Pipe-wall thickness must also be adequate to 
handle external loads such as soil cover and vehicle loads, vacuum, and buckling. 
For flexible pipe such as steel, ductile iron, PVC, and HDPE, determination of 
thickness for internal pressure and determination of thickness to handle external 
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loads are calculated separately, and the greater of the two thicknesses is used. For 
flexible pipe, thickness required to handle deflection from external soil and vehicle 
loads is calculated using the Modified Iowa formula: 


AX — (Dj x K x W x r/(E x D 4 (061 x E' x r3)} (C1.12) 


where D, = deflection lag factor 
K = bedding constant 
W = load per unit length of pipe 
r = pipe radius 
E = modulus of elasticity of pipe material 
I = moment of inertia of pipe 
E' — modulus of soil reaction 
AX — deflection 


The minimum thickness is determined based on maximum allowable deflection. 
Maximum allowable deflection varies for different materials, e.g., steel, ductile iron, 
PVC, HDPE, et cetera. For steel and ductile iron, the limiting factor in maximum 
allowable deflection is the nature of lining and coating of the pipe, with concrete 
lining or coating limiting deflection to less than that for a more flexible lining or 
coating such as epoxy. For PVC and HDPE, the allowable stress and strain in the 
pipe wall determines the maximum allowable deflection. In the municipal water 
works industry, guidance for calculating pipe wall thickness for steel pipe is provided 
in AWWA Manual M11, in AWWA C900 and C905 and Manual M23 for PVC, 
in AWWA C906 and manufacturers' literature for HDPE, and in AWWA C150 
for ductile iron. 

For certain types of rigid-pressure pipe, for example, prestressed concrete— 
cylinder pipe and cast-iron pipe (no longer used), design is based on combined 
loading, wherein internal pressure and external load are considered simultane- 
ously—as internal pressure increases, allowable external loading decreases, and 
vice-versa. Design guidelines for prestressed concrete—cylinder pipe are found in 
AWWA Manual M9. 

In the design of pipe, various configurations of bedding, backfill, and trench 
preparation can contribute to the pipe’s adequacy to handle external load. These 
factors are addressed in the aforementioned manuals and specifications. 

The allowable stress in a pipe wall is not determined solely by the material’s 
strength at the service temperature. In pipe with a longitudinal welded seam, the 
efficiency of the welded joint must also be considered. 

ASME Power Piping Code, Section B31.1, provides efficiency factors of 0.60 
for a furnace butt weld, 0.85 for an electric-resistance weld, and 1.00 for single or 
double butt weld with 100 percent radiography. Allowable stress for welded pipe 
is determined by multiplying the allowable stress value for seamless pipe at the 
given temperature by the efficiency factor. Tables of allowable stress in Codes, such 
as B31.1, include the joint efficiency. The B31.1 Code further specifies the following 
formula for determining the minimum thickness of pipe wall at design temperatures, 


PD, 


tm = ——"— + A 
4 USE+Py) 


(C1.13) 
or, 
Pd +2SEA+2yPA 


(C1.14) 
X(SE 4- Py — P) 


m= 
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and the design pressure shall not exceed 


u L2SE(. —A)- (C1.15) 
i D, = 25 (tm UU A) f 
2SE (tm — A) (C1.16) 


Tode 23A) 


where £,, = minimum pipe wall thickness, in (mm) 

P — internal design pressure, psig (kPa [gage]) 

D, — outside diameter of pipe, in (mm). For design calculations, the outside 
diameter of pipe, as given in tables of standards and specifications, is 
used in obtaining the value of t,. When calculating the allowable working 
pressure of pipe on hand or in stock, the actual measured outside 
diameter and actual measured minimum wall thickness at the thinner 
end of the pipe may be used to calculate this pressure. 

d — inside diameter of pipe, in (mm). For design calculations, the inside 
diameter of pipe is the maximum possible value allowable under the 
purchase specification. When calculating the allowable working pressure 
of pipe on hand or in stock, the actual measured inside diameter and 
actual measured minimum wall thickness at the thinner end of the pipe 
may be used to calculate this pressure. 

SE — allowable stress for the material due to internal pressure and joint 
efficiency, at the design temperature, psi (kPa) 

A = allowance for threading, grooving, mechanical strength, and the effects 
of erosion and corrosion, in (mm) 

y = 0.4 for ferritic steels and austenitic steels for temperatures up to 900°F 
(480°C). For pipe with a D,/t, ratio less than 6, the value of y for ferritic 
and austenitic steels designed for temperature of 900 F (480°C) and 
below shall be taken as: 


NN 
— d+D 


y (C1.17) 


If pipe is ordered by its nominal wall thickness, the manufacturing tolerance on 
wall thickness must be taken into account. After the minimum pipe wall thickness 
tm is determined by equation C1.13 or C1.14, this minimum thickness shall be 
increased by an amount sufficient to provide the manufacturing tolerance allowed 
in the applicable pipe specification or required by the process. The next heavier 
commercial wall thickness shall then be selected from thickness schedules such as 
contained in ASME B36.10M, ASME B36.19, or from manufacturers’ schedules 
for other than standard thickness. Refer to Chap. B2 for details on calculating the 
pipe-wall thickness. For cast piping components, or to compensate for thinning in 
bends, refer to the applicable Code. 

Where ends are subject to forming or machining for jointing, the wall thickness 
of the pipe, tube, or component shall not be less than ¢,,, after such forming and ma- 
chining. 

The thickness of gray and ductile-iron pipe conveying liquids may be determined 
by selection from AWWA/ANSI C110/A21.10, AWWA/ANSI C115/A21.15, 
AWWA/ANSI C150/A21.50, AWWA/ANSI C151/A21.51, and Federal Specifica- 
tion WW-P-421. 

While the thickness of steel pipe determined from Eq. C1.13 or C1.14 is theoreti- 


WATER SYSTEMS PIPING C.25 


cally ample for both bursting pressure and material removed in threading, the 
following minimum requirements are mandatory to provide added mechanical 
strength: 


1. Where steel pipe is threaded and used for water service above 100 psi (700 kPa) 
with water temperature above 220°F (105°C), the pipe shall be seamless, having 
the minimum ultimate tensile strength of 48,000 psi (330 MPa) and a weight at 
least equal to Schedule 80 of ASME B36.10M. 

2. Where threaded brass or copper pipe is used for the services described previously, 
it shall comply with pressure and temperature classifications permitted for these 
materials by other paragraphs of the applicable Code and shall have a wall 
thickness at least equal to that specified for steel pipe of corresponding size. 

3. Plain-end nonferrous pipe or tube shall have minimum thickness as follows: 

a. For nominal sizes smaller than NPS %4 (DN20O), the thickness shall not be 
less than that specified for Type K of ASTM B 88 for copper tubing. 

b. For nominal sizes NPS ?4 (DN20) and larger, the wall thickness shall not be 
less than 0.049 in (1.25 mm). The wall thickness shall be further increased as 
required by determining the minimum wall. 

4. After calculating the required minimum wall thickness, choice is usually made 
from standard thickness or schedules. Tables of pipe sizes and wall thickness 
(schedules) are presented in App. E2 and E2M. For tubing, refer to App. E3 
and E3M. 

5. For piping systems other than steel or cast iron, the reader is referred to the 
applicable code. 


Design Features 


Materials. This section discusses the most commonly used materials for water- 
distribution-system piping and piping components. Pipe description, material-speci- 
fications characteristics, available sizes, normal use, and advantages or disadvantages 
of different materials are briefly noted in Table C1.3. It should also be noted that 
state and local regulations may govern the preferred types of pipe to be used for 
water distribution systems. 

The selection of water-distribution-system piping is based upon the following 
considerations: strength, ductility, modulus of elasticity, toughness, corrosion, ero- 
sion and abrasion resistance, weldability, workability, and surface smoothness. The 
most common piping materials are steel, either low-carbon, low-alloy, or stainless; 
plastic, either thermoplastic or thermosetting with fiberglass reinforcement; or con- 
crete, lined and unlined. Aluminum, copper, brass, titanium, and high-nickel alloys 
are also used for some specific applications. 

The metallurgy of the various types of metallic pipe material is somewhat compli- 
cated; however, an understanding of the basic physical properties and their effects 
is necessary for design engineers concerned with selecting pipe material, pipe fabri- 
cation process, welding process, and corrosion resistance properties. The most 
commonly accepted piping standards are those of the American Society for Testing 
and Materials (ASTM), American Water Works Association (AWWA), American 
National Standards Institute (ANSI), the American Society of Mechanical Engi- 
neers (ASME), and the American Petroleum Institute (API). 

These standards have been developed by experimentation, testing, and experi- 
ence. Most regulatory agencies use these guidelines to set their own requirements. 
Pipe manufacturers also publish product literature that is useful in pipe selection 
and installation. Table C1.4 summarizes the advantages and disadvantages of piping 
materials and related data of pipe joints and their applications. 
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TABLE C1.3 Piping Material Specifications, Standards, and Applications Material 


Material 


Industry standards 


Common sizes 
diam in (mm) 


Normal maximum 
working pressure 
psi (kPa) 


Advantages 


Disadvantages 


Cast-iron pipe 

Ductile iron 

Centrifugally cast in metal 

Molds or sand-lined molds 
for water and other liquids 


Concrete 

Reinforced concrete 
pressure 

Pipe noncylinder type for 
water and other liquids 


Prestressed concrete 

Pressure-pipe steel cylinder 

Type for water and other 
liquids 

Steel 

Seamless pipe for high 
temperature service 

Seamless and seam-welded 
pipe 

Forged and bored pipe for 
high-temperature service 


Polyvinyl chloride (PVC) 
PVC plastic pipe 
Schedule 40, 80 pressure 

rated (SDR) series 
PVC pressure pipe 


ANSI/AWWA/CI51/A21.51 
ASTM A377 


AWWA C302 


ANSI/AWWA C301 
and C304 


ASTM A106, A335, A376 


ASTM A53, A312, A333, 
A714 
ASTM A426, A451, A452 


ASTM D1785 
ASTM D2241 


ANSI/AWWA C900 and 
C905 


4-30 (100-760) 


12-168 (300-4300) 


16-144 (410 mm- 
3660 mm) 


4-120 (100-3000) 


4-36 (100-900) 


350 (2414) 


50 (345) 


250 (1724) 


High 


200 (1380) 


Durable, strong, flexural-strength, 


lighter weight than cast iron, 
greater carrying capacity, same 
external diameter, fracture 
resistant, easily tapped. 


Durable with low maintenance, 
good corrosion resistance, 
good flow characteristics, 
generally suited for gravity 
systems with low gradient. 


Durable, low maintenance, good 
corrosion resistance, good flow 
characteristics, resists backfill 
and external loads. 


Easy to install, tensile strength, 
low cost, good hydraulically 
when lined, adapted to 
locations where some 
movement may occur. 


Light weight, easy to install, 
excellent resistance to 
corrosion, good flow 
characteristics, high tensile and 
impact strength 


Subject to electrolysis and attack 
from acid and alkali soil, heavy 
to handle; may require thrust 
blocks at changes in direction 
or restraint of joints to 
counteract unbalanced forces. 


May deteriorate in alkaline soil if 
cement type is improper or in 
acid soil if not protected; may 
require thrust blocks at changes 
in direction or restraint of joints 
to counteract unbalanced forces. 


Same as above. 


Subject to electrolysis external 
corrosion in acid or alkali soil, 
poor corrosion-resistance 
welded unless properly lined, 
coated, and wrapped; low 
resistance to external pressure 
in large sizes; air-vacuum valves 
imperative in large sizes; subject 
to tuberculation when unlined. 


Difficult to locate underground; 
requires special care when 
tapping; susceptible to damage 
during handling; aboveground 
use may require more supports. 
PVC pipe also requires thrust 
restraint at change in direction 
or velocity. 
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TABLE C1.3 Piping Material Specifications, Standards, and Applications Material 


Material 


Copper 

Seamless copper 
Standard sizes 
Seamless copper 
Water tube for general 


Common sizes 
Industry standards 


diam in (mm) 
15-12 (3-300) 
ASTM B42 
ASTM B88 


Normal maximum 
working pressure 
psi (kPa) 


<700 (4828) 


(Continued ) 


Advantages 


Disadvantages 


plumbing 

Purposes 

Seamless, threadless copper 
pipe 

Seamless copper tube 

Copper nickel, seamless 
copper, nickel pipe and 
tube 

Welded copper nickel pipe 

Welded copper and copper 
alloy 


Heat-exchange tube, 90-10 
and 70-30 


Aluminum 


Aluminum and aluminum 
alloy 


Seamless-pipe extruded tube 
Drawn seamless tube for 
condensers and heat 

exchangers 

Aluminum-alloy drawn 
seamless tube 

Titanium 

Seamless and welded 
titanium 

Alloy pipe 

Seamless and welded 
titanium 

Alloy tube for condensers 
and heat exchangers 


ASTM B302 


ASTM B75 
ASTM B466 


ASTM B467 


36-12 (3-300) 
ASTM B241 


ASTM B234 


ASTM B210 


Y&-12 (3-300) 
ASTM B337 


ASTM B338 


«300 (2069) 


High 


Excellent resistance to corrosion; 
ideal for use in water supply 
and plumbing, including DWV, 
compressed-air-instrumentation 
lines, and heat transfer 
equipment. 


High level of corrosion resistance 
of copper nickel; 1096 to 
corrosion and bifouling make 
ideal for use in piping systems 
for brackish or sea water. 
Copper nickel, 30% provides 
the best service under the most 

adverse condition. It offers 
excellent corrosion resistance 
to high-velocity seawater, 
immune to stress-corrosion 
cracking and resistant to the 
action of ammonia. 

Light weight, durable, strong, 
ideal for use in cyrogenic 
systems, heat-transpressure 
lines, process systems where 


performance requirements 
outweigh cost. 


Excellent for general corrosion 
resisting and elevated 
temperature service. Lighter 
than steel while having 
strength comparable with alloy 
steel. Excellent for use with 


cooling water, fresh brackish 
or salt, polluted, etc., 


essentially immune to all forms 


of corrosion in condenser 
Note: Materials used for piping within the jurisdiction of ASME I and ASME III, and boiler external piping are designated by SA/ 


specifications SA/SB in Section II of the ASME Boiler and Pressure Vessel Code. 


environments. 
SB numbers and are derived from ASTM ^A" specifications for ASME Boiler and Pressure Vessel Code applications, see related 


Copper deteriorates rapidly under 


high temperature and repeated 
stresses. 


May undergo a general attack or 
uniform thinning in aggressive 
environment containing high 


concentration of oxygen and 
carbon-dioxide. 


Requires special techniques and 
skills for brazing or welding 


joints depending on type of 
alloy. 


Resistance to bifouling is 

relatively poor when compared 
to copper alloy for similar 
application; coupling of titanium 
tubes with copper-alloy tube 
sheets in condensers may result 
in galvanic attack on the tube 
sheet in all types and make it 


essential to provide some form 
of cathodic protection. 
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TABLE C1.4 Pipe Joints and Their Applications 


Pipe 
material Type of joints Applications 

Steel Mechanical-type couplings Pipes are less than 24 in od, especially 
linings. 

Steel Welded joints Pipes 24 in od and larger with inside coat- 
ings ideal for soft soils where settlement 
may be excessive. 

Steel Flanged joints Where flanged valves, fittings or nozzles 
of equipment are to be attached. Offer 
ease of assembly and disassembly. 

Copper Welded, flanged, threaded, ^ Generally used in underground water ser- 

screwed, or brazed, vice, interior water, steam, gas, fuel, oil 
flared fittings and for some underground drainage. 

Copper-nickel X Flanged, soldered, or Used in condenser tubing, systems for sea 

brazed fittings used with or brackish water. 
hard drain temperatures; 

flared compression fit- 

tings used with annealed 

temper tubes 

Aluminum Brazed, welded Used in cryogenic systems, heat transfer, 
process systems and pressure lines. 

Titanium Welded Used with any kind of cooling water in 


large power plant condenser tubing. 


Pipe Toughness. Pipe toughness is the ability of piping to absorb impact without 
brittle rupture. Service metal temperature is important in design, as most pipe metals 
have a transition range over which ductile behavior changes to brittle behavior on 
impact as the temperature drops. 

Gray and Ductile-Iron Pipe. Cast-iron pipe has been the standard for water 
distribution systems worldwide for many years. There are more miles of this pipe 
in use today than any other pipe. Two types of cast iron commonly found in 
distribution systems are gray cast-iron pipe (CIP) and ductile-iron pipe (DIP). (In 
this text, CIP is used as the abbreviation for gray cast-iron pipe; it does not stand 
for cast-iron pipe in general.) 

Gray cast-iron pipe is strong but brittle, usually offers a long service life, and is 
reasonably maintenance free. Ductile-iron pipe resembles CIP in appearance and 
has many of the same characteristics. It differs from CIP in that the graphite is 
distributed in the metal in spheroidal or nodular form, that is, in ball-shape form 
rather than in flake form. This is achieved by adding a material called an innoculant, 
usually magnesium, to the molten iron. Ductile-iron pipe is much stronger, tougher, 
and more ductile than CIP. Gray cast-iron pipe has not been produced since 1980, 
due to the increased reliability of DIP, but is still used in the manufacture of valves 
and fittings. 

Although unlined cast iron has a certain resistance to corrosion, aggressive waters 
can cause the pipe to lose carrying capacity through corrosion and tuberculation. 
The process for lining pipe with a thin coating of cement mortar made it possible 
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to minimize tuberculation and maintain the carrying capacity of the pipe. The 
cement-mortar lining is approximately V6 in (3 mm) thick and adheres to the pipe. 
The lined pipe may be cut or tapped without damage to the lining. Ductile-iron 
pipe internal lining can be cement mortar. Various thermoplastic and other 
epoxy-lined pipe are also available but are expensive. Generally these would be 
used to handle fluids considerably more corrosive than water. Bituminous external 
coating and polyethylene wraps are methods commonly used to reduce external cor- 
rosion. 

Ductile-iron pipe is available with standard wall thickness (referred to as TC) 
in diameters of 4 in (100 mm) and larger. The standard lengths are 18 and 20 ft 
(5.5 and 6.1 m). Ductile-iron pipe is strong and can withstand the working pressures 
found in distribution systems. It is also durable and can be cut and tapped in 
the field. 

CIP and DIP Joints. Gray cast-iron and ductile-iron joints of the following 
types have been used to join pipe lengths together (listed in order of development): 


* Flanged joints 

* Bell-and-spigot joints 

* Mechanical joints 

* Ball-and-socket or submarine joints 

* Push-on joints 

* Bolted retainer-gland joints, to prevent pullout 

* Push-on joints with restrained gaskets to prevent pullout 


Flanged joints are easy to make and require no special tools. They are used 
aboveground in water plants, pump houses, and other places where rigidity, self- 
restraint, and tightness are required. Flanged joints will not flex and are not normally 
used underground. 

Mechanical joints are made by bolting a moveable follower ring on the spigot 
to a flange on the bell and compressing a rubber gasket to form a tight seal. The 
mechanical joint is less economical than previously mentioned joints but is easily 
made and requires no special skill. Since the bell-and-spigot ends need not fit tightly, 
each joint can be made to deflect slightly. 

Bell-and-socket joints are special-purpose joints most commonly used for sub- 
merged installations. Their great advantage is that they can accommodate large 
deflections (up to 15?). This makes them very useful for pipe lines laid across 
mountainous terrain or under rivers. Boltless flexible-pipe joints, designed on the 
brass-and-socket principle, are also available. 

Push-on joints are the most popular joints in water-distribution-system installa- 
tion today. The joint consists of a bell with a specially designed recess to accept a 
rubber ring gasket and a beveled-end spigot. The joint offers ease of installation, 
and when made up, the rubber ring gasket is compressed to produce water tightness 
and locked in place against further displacement. Push-on joints are available in 
several designs. In addition to ease of installation and water tightness, the joint 
permits deflections of 3? to 5?, depending on the design, for installation on a curve 
or irregular terrain. Small diameters may be assembled by hand; larger sizes usually 
require mechanical aids. For detailed discussion on the above joints, refer to 
Chap. A2. 

Steel Pipe and Reinforced Concrete Pipe. | Steel pipe and reinforced concrete 
pipe are sometimes used as large feeder mains in water-distribution systems. 
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Plastic Pipe. Plastic pipe is also used in water-distribution applications. Plastic 
pipe was first introduced in the United States around 1940. 

Plastic pipe materials include polyvinyl chloride (PVC), chlorinated polyvinyl 
chloride (CPVC), polyethylene (PE), and a crylonitrile-butadiene-styrene (ABS). 
ASTM and AWWA standards cover PVC pipe in sizes from NPS 4 to 12 (DN100 
to 300) in diameter. Polyvinyl chloride pipe is a rigid pipe manufactured by an 
extrusion process. Fittings are made by a mold process. It is available in diameters 
up to NPS 36 (DN900); lengths of 20—40 ft (6-12 m); and various types, grades, 
and pressure ratings. Within a given nominal pipe diameter, there are several 
equivalent systems for specifying internal and external diameters. Larger than NPS 
12 (DN300) plastic pipe is normally specified by a sizing system other than the 
iron-pipe size (IPS) system. 

The AWWA standard is based on outside diameter, the same as DIP. A new 
sizing system, termed the standard dimension ratio-pressure rated (SDR-PR) sys- 
tem, is a ratio of the outside pipe diameter to wall thickness. See Table C1.5. For 
more detailed discussion of thermoplastic pipe, refer to Chap. D1. 

The SDR-PR system recognizes the strength properties of plastic and allows 
pipe of one pressure rating to be available in various sizes. State and local regulations 
should be checked to determine what types and sizes of plastic pipe are approved 
for a particular application. 

Manufacturers’ recommendations should be consulted when tap diameters ex- 
ceed NPS 2 (DN50). 

PVC pipe may be joined by a bell-and-spigot push-on joint or by a solvent-weld 
joint. Refer to Chap. D1 of this handbook. 

Steel Pipe. Application may dictate the need for steel piping to be lined or 
coated with a plastic, tar, plastic-encapsulated cement, or rubber. ASME B31.1 
App. IV, Corrosion Control for ASME B31.1— Power Piping Systems provides 
guidelines for the control of corrosion of steel piping. 

The American Water Works Association likewise provides guidelines and stan- 
dards for coating and lining potable water lines for corrosion protection. Also, refer 
to Chaps. B9, B10, B11, and B12. 

Special applications might require the use of stainless steel, ductile iron, copper, 
copper alloys, plastic, fiberglass, and aluminum-alloy pipe. Utilization of these 
materials is generally based on their corrosion-resistance properties and ease of in- 
stallation. 

Copper is widely used in service connections for potable water. Heat-exchanger 
tubing is a common use for nonferrous metals, including copper, copper-nickel 
alloys, titanium, and aluminum. 

Copper and its alloys, e.g., brass, are useful in this application because of their 
good thermal conductivity and favorable cold or hot working properties and corro- 
sion resistance. 

Aluminum's low density and relatively high strength of its alloys give it good 
corrosion resistance and good working properties. 

Titanium and its alloys have strength comparable to alloy steels at 60 percent 
of its weight. Corrosion resistance is superior to that of aluminum and even stain- 
less steel. 


Expansion, Flexibility, and Support 


Expansion and Flexibility. Water systems piping shall have adequate flexibility 
to account for thermal expansion. Water systems operating under low temperature 
(less than 250°F [121°C]) and low pressure (less than 300 psig [2070 kPa(gage)]) 
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TABLE C1.5 PVC Type I Pressure Rated Pipe 


Nominal pipe 


Nominal 


size (DN) od Min wall Average id weight per ft 
SDR 26 NSF—W.P. 160 PSI (Water € 73.4?F) 
Ve (15) See SDR 13.5 
34 (20) See SDR 21 
1 (25) 1.315 0.060 1.175 0.164 
1% (32) 1.660 0.064 1.512 0.221 
1% (40) 1.900 0.073 1.734 0.284 
2* (50) 2.375 0.091 2.173 0.432 
2V5* (65) 2.875 0.110 2.635 0.622 
3* (80) 3.500 0.135 3.210 0.915 
3% (90) 4.000 0.154 3.672 1.183 
4* (100) 4.500 0.173 4.134 1.494 
5 (125) 5.563 0.214 5.109 2.288 
6* (150) 6.625 0.255 6.085 3.228 
8* (200) 8.625 0.332 7.921 5.468 
10* (250) 10.750 0.413 9.874 8.492 
12* (300) 12.750 0.490 11.710 11.956 
14 (350) 14.000 0.538 12.860 14.430 
16 (400) 16.000 0.615 14.696 18.810 
18 (450) 18.000 0.692 16.534 23.860 
20 (500) 20.000 0.769 18.370 29.470 
24 (600) 24.000 0.923 22.043 42.520 
SDR 41—W.P. 100 PSI (Water @ 73.4°F) 
18 (450) 18.000 0.439 17.070 15.370 
20 (500) 20.000 0.488 18.970 18.920 
24 (600) 24.000 0.585 22.748 27.320 
SDR 21 NSF—W.P. 200 PSI (Water @ 73.4°F) 
Ve (15) See SDR 13.5 
34 (20) 1.050 0.060 0.910 0.129 
1 (25) 1.315 0.063 1.169 0.170 
1% (32) 1.660 0.079 1.482 0.263 
1% (40) 1.900 0.090 1.700 0.339 
2 (50) 2.375 0.113 2.129 0.521 
2% (65) 2.875 0.137 2.581 0.754 
3 (80) 3.500 0.167 3.146 1.106 
3% (90) 4.000 0.190 3.596 1.443 
4 (100) 4.500 0.214 4.046 1.825 
5 (125) 5.563 0.265 5.001 2.792 
6 (150) 6.625 0.316 5.955 3.964 
8 (200) 8.625 0.410 7.155 6.679 
SDR 13.5 NSF—W.P. 315 PSI (Water @ 73.4°F) 
Ve (15) 0.840 0.062 0.696 0.104 
Source: Harvel Plastics Inc. Product Bulletin 112/401, Effective 7.1.87, Revised 1/1/89, 


Harvel Plastics, Inc. 
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conditions are considered to have adequate flexibility if the following conditions 
are Satisfied: 


Dy 
= 003 (C1.18) 
(L- U} 


where D = Nominal pipe diameter, in (mm) 
y = Thermal growth of the pipe, in (mm) 
L = Length of pipe in the system, ft (m) 
U = Distance between rigid supports, ft (m) 


If the conditions above are not met, a detailed analysis of the piping system 
may be needed. The reader is referred to Chap. B4, Stress Analysis of Piping 
Systems, for more information. 

In piping systems without adequate flexibility, thermal expansion may lead to 
failure of piping or anchors. It may also lead to joint leakage and excessive loads 
on nozzles. The thermal expansion of piping can be controlled by use of proper 
locations of anchors, guides, and snubbers. Where expansion cannot be controlled, 
flexibility is provided by use of bends, loops, or expansion joints (bellows or slip- 
joints). 

Detailed calculations for underground water-piping systems are not needed 
unless significant settlement, seismic, or temperature changes are expected. Buried 
piping, although supported throughout by proper bedding and backfilling proce- 
dures, also requires thrust restraint for unrestrained joints at changes of direction. 

Pipe Support Systems. Standard component supports are normally used to 
carry dead weight and thermal expansion loads. The dead weight and thermal 
supports typically used are defined in MSS-SP-58. Part B, Chap. B5 of this handbook 
discusses pipe-support design and selection in detail. 

Valve Selection. In water-piping systems, valves are generally used for isolating 
a section of a water main, draining the water line, throttling fluid flow, regulating 
water-storage levels, controlling water hammer, bleed off of air, or preventing 
backflow. Refer to Chap. A10. 

Isolation. Gate valves are used to isolate specific areas of the system during 
repair work or to reroute water flow throughout the distribution system. An open 
gate valve allows water to flow through in a straight line. The valve may be closed 
during an emergency, such as a water-main break, or during routine maintenance. 

Gate valves commonly used in water distribution systems are the iron-body 
bronze-mounted (IBBM) nonrising-stem (NRS) gate valves. Buried gate valves are 
usually nonrising-stem valves. In situations where an operator will need to know 
by observation whether a valve is open or closed, a rising-stem valve with an outside 
screw and yoke (OS&Y) is often used. 

Service stops valves are used to shut off service lines to individual homes or 
businesses. Specific types of service stops include the corporation stop, which is 
tapped into the main, and the curb stop, which is located near the property line. 
Access to the curb stop is through a curb box. Small plug valves are used as curb 
stops and corporation stops. 

Butterfly valves are also used for isolation purposes. Because the disk remains 
in the water path in all positions, the butterfly valve may create a slightly higher 
head loss than the gate valve. The position of the disk also makes it difficult to 
clean scale from a pipeline because the pig or swab is blocked by the valve disk. 
However, butterfly valves open easily, as the water pressures acting on one-half of 
the upstream side of the disk tends to force it open, balancing the pressure on the 
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other half, which tends to force it closed. The cost of NPS 16 (DN400) and larger 
butterfly valves is less than the cost of large gate valves, as large gate valves normally 
require reduction gears, a bypass valve, rollers, tracks, and scrapers. Butterfly valves 
should be located away from sources of turbulence to preclude damaging effects 
of turbulence to the disk. 

Draining the Water Line. Drain or blow-off valves may be installed at low 
points to flush sediment from the main or to drain the entire main. Gate valves 
are commonly used as drain valves. Where rapid draining is not important, globe 
valves may be used to drain lines where sediment accumulation is not a problem. 
Though quicker to operate and less costly to repair than gate valves, NPS 3 (DN80) 
and larger globe valves are less economical. 

Throttling Flow and Regulating Water-Storage Levels. In addition to on-off 
control of flow, globe valves may be used to regulate or throttle flow. This can be 
done manually, although it is usually done automatically. For throttling under low- 
flow and low-pressure conditions, butterfly valves are also used. Large-plug valves 
may be used for throttling. 

An altitude valve is a type of control valve, diaphragm or piston type, used to 
control the level of water in a tank supplied from a pressure system. There are two 
general types of altitude valves: single acting and double acting. 

A single-acting altitude valve is used for filling the tank. A bypass line with 
check valves around the altitude valve is needed to permit backflow out of the tank 
and into the distribution system when the inlet pressure is lower than the tank. 
The tank discharges through a separate line or through a check valve in a bypass 
line around the altitude valve. 

A double-acting altitude valve allows to flow both to and from the tank. When 
the tank becomes full, the valve closes to prevent overflow. When the distribution 
pressure drops below the pressure exerted by the full tank, the valve opens to 
discharge water into the distribution system. 

Controlling Water Hammer. | In a water distribution system, opening or closing 
a valve too fast can cause water hammer. This phenomena is discussed in Chap. 
B8. Pressure-relief valves are used to help control water hammer by releasing some 
of the energy that is created by a sudden stop in flow. They are fitted with an 
adjustable spring to set the maximum pressure of the line. When line pressure 
becomes greater than the set pressure, the valve opens until the pressure is equalized. 
Other choices include standpipes open to atmosphere and various kinds of surge 
tanks. 

Bleed Off of Air and Breaking Vacuum. Air tends to collect in water lines. 
Under the pressure of the distribution system, air dissolves and can reappear as 
microscopic air bubbles, which gives water a cloudy appearance. A more common 
operating problem occurs when air collects in high places in the distribution system 
producing air pockets. Air pockets effectively reduce the area of pipe through which 
water flows, causing an affect known as air binding. The result is pressure loss and 
increased pumping costs. 

Air vacuum and air release valves can be installed to eliminate these problems 
in pumping stations where air can enter the system and at high points where it can 
collect. Air-relief/release valves solve the problem by automatically venting any 
air that accumulates. Conversely, vacuum caused by column separation can be 
broken with vacuum-relief valves. Combination air and vacuum relief valves are 
used for this application. 

Figure C1.13 shows a spring-loaded check valve that opens during forward flow 
and is closed by the spring when flow stops. When pressure drops to a low value, 
a second valve opens and allows air to enter this breaker. With this arrangement, 
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FIGURE C1.13 Pressure and vacuum breaker. 


the breaker can remain under supply pressure for long periods without sticking 
and can be installed upstream from the last shut-off valve. 

Figure C1.14 shows an atmospheric vacuum breaker, consisting of a check valve 
operated by water flow and a vent to the atmosphere. When flow is in the forward 
direction, the valve lifts and shuts off the air vent; when flow stops or reverses, the 
valve drops to close the water-supply entry and open an air vent. 


NORMAL FLOW BACKSIPHONAGE 
FIGURE C1.14 Atmospheric vacuum breaker. 


Preventing Backflow. Backflow in a pump discharge line can be prevented by 
installing a check valve to allow flow in one direction only—away from the pump. 
However, check valves can contribute to water hammer problems, especially in the 
case of pump failure. Proper precautions to avoid or relieve these surges must 
be taken. 

Backflow, or reversed flow, could result in contaminated or polluted water 
entering the water system. Backflow can occur through a cross-connection under 
two conditions: back pressure and back-siphonage (see Fig. C1.15). If a pressurized 
nontreated system is cross connected with a lower-pressure treated water system, 
then the pressure in the nontreated system can force nontreated fluid into the 
treated supply. This situation is referred to as backflow due to back pressure. 

Valves are used as backflow-prevention devices. A device that can be used in 
every cross-connection situation and with every degree of risk is the reduced- 
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FIGURE C1.15 Examples of backflow due to back siphonage. (a) Backsiphonage due to 
pressure loss; (b) backsiphonage—hose forms cross connection; (c) backsiphonage from a 
booster pump; (d) backsiphonage due to a broken main. (Introduction to Water Distribution 


Principles and Practices of Water Supply Operations, American Water Works Association, 
1986.) 
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pressure-zone backflow. This device consists of two spring-loaded check valves with 
a pressure-regulated relief valve located between them. Two check valves, even 
though well designed and constructed, are not considered sufficient protection, 
because all valves leak from wear or obstruction. For this reason, a relief valve is 
positioned between the two checks. Typical backflow conditions are illustrated in 
Fig. C1.16. 


= 


x 
E CHEMICAL STORAGE TANK 50 PSIG 


Ay RRS 
Wig ko See 
; Al TREE FARM 


3 E 
E SUPPLY 30 PSIG: 


FUGLIC WATER 
(a) 


PUBLIC ass RECLAIMED 
WATER SUPPLY [| WASTEWATER 


30 PSIG 


(b) 


FIGURE C1.16 Examples of backflow due to back pressure. (a) Cross connection 
between pressurized nonpotable system and lower pressure potable system; (b) back- 
flow from recirculated system. (Introduction to Water Distribution Principles and 
Practices of Water Supply Operations, American Water Works Association, 1986.) 


If a treated water-distribution system is cross connected to a nontreated source 
that is open to the atmosphere, and if the pressure in the treated system falls below 
atmospheric pressure, then the pressure of the atmosphere can force the nontreated 
fluid into the treated supply. This situation is called backflow due to backsiphonage. 
Examples of backsiphonage conditions include overpumping by fire or booster 
pumps, undersized distribution piping, and a broken main. When backsiphonage 
occurs, the partial vacuum pulls liquid back into the supply line. If air enters the 
line between a cross-connection and the source of the vacuum, then the vacuum 
will be broken and backsiphonage will be prevented. 
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Water Hammer and Surge Control. The problem of water hammer in water 
piping systems consists of containing the pressure and dissipating the water-flow 
energy. For example, the energy necessary to move the water through the piping 
is supplied by the pump. If a valve is suddenly closed at the end of the discharge 
line, the moving column of water is brought to a stop at the valve. The kinetic 
energy contained in the column of water, originally given to the water by the pump, 
is still present and must be dissipated. The column of water compresses, the pressure 
rises, and some of the kinetic energy is transformed to internal energy. The higher 
water pressure acts upon the pipe wall and does work in stretching it, but only a 
small percentage of energy will be lost in this. The pipe will obey the laws of 
vibration and return most of the energy to the water. 

The water-hammer effects are obtained from equations that define relations 
between head and flow in the discharge line during the transient flow condition 
which results from water-hammer wave action. 

Water-column separation might occur at high points near the hydraulic gradient 
on long discharge lines. This condition can create high-pressure conditions at the 
moment of rejoining of the separated water columns. 


TABLE C1.6 Waterhammer Velocity in Piping Systems (a, wave velocity in 
feet per second) 


Steel Cast iron Transite 

Dit (E = 28 X 10° psi) (E = 16 X 10° psi) (E = 3.4 X 10* psi) 
20 4300 4100 3000 
40 4000 3600 2300 
60 3800 3350 2000 
80 3600 3100 1750 
100 3400 2900 1600 
150 3100 2500 1300 
200 2800 2250 1150 
250 2600 2050 

300 2400 


Table C1.6 gives the water-hammer wave velocity as a function of diameter-to- 
thickness ratios for three different piping materials encountered frequently in water- 
supply or distribution systems. In this tabulation, a is the wave velocity in ft/sec 
(m/sec), D/t is the dimensionless ratio of diameter to thickness, and E is the modulus 
of elasticity. 

If a valve is closed in the time of one wave cycle (in the time a pressure wave 
travels to the other end of the pipeline and returns to the closing valve) or less, 
then the water hammer should be calculated on the basis of instant valve closure. 

To determine time for the wave cycle, use 

2L 


pe (C1.19) 
a 


To determine water hammer for instantaneous valve closing, use 
aV 
8 


h (C1.20) 
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where T = time for one wave cycle, sec 
L — pipeline length, ft (m) 
h — water-hammer head above static head, ft (m) 
a — velocity of pressure wave, ft/sec (m/s) 
V — water velocity at instant before valve closure, ft/sec (m/s) 
g = 322 ft/sec’ (9.81 m/sec’) 


To determine water hammer for slower valve closing, use 


hyo —h, = Bi Ya) (C1.21) 
g 


where h, = pressure after partial closing of valve, ft (m) 

pressure before start of valve closing, ft (m) 

h, — h, = pressure rise due to water hammer, ft (m) 
V; — water velocity before start of valve closing, ft/sec (m/s) 
V, = water velocity after partial closing of valve, ft/sec (m/s) 


= 
ll 


The phenomenon and damaging effects of water hammer is discussed in detail 
in Part B, Chap. B8 of this handbook. 

A means of eliminating water hammer is to permit the liquid to surge into a 
tank or discharge to atmosphere. To quickly suppress all the momentum in a long 
pipe system would require high-pressure piping, which is very costly. With a surge 
tank or relief valve as near the valve as feasible, the development of excessive 
pressure in this region is prevented. 

Surge tanks may be classified as simple, orifice, and differential. The simple 
surge tank has an unrestricted opening into it and must be of adequate size so that 
it will not overflow and so it will not be emptied to permit air to enter the pipeline. 
An orifice surge tank has a restricted opening between pipeline and tank and allows 
more rapid pressure changes in the pipeline. A more rapid pressure change causes 
a more rapid adjustment of flow. A differential surge tank is a combination of an 
orifice surge tank and a simple surge tank of small cross-sectional area. 

Surge tanks under air pressure are utilized in certain circumstances, such as after 
a reciprocating pump. They are generally uneconomical for large pipelines. 

Relief valves are available in various types from spring loaded to control blow- 
down diaphragm types. 

Air Binding. Air which accumulates in water piping will reduce the effective 
cross-sectional area for water flow and thus increase pumping costs through the 
resulting extra head loss. Air enters the piping system from several sources, such 
as the release of air from the water, air carried in through vortices into the pump 
suction, air leaking in through joints that may be under negative pressure, and 
having air present in the piping system before filling. 

The water from the water source may be nearly saturated with air. If the tempera- 
ture of this water is raised and the pressure is lowered by the siphon action, the 
water will release most of its air. However, this air release is not instantaneous but 
proceeds on a time-rate release and is therefore dependent upon the length of time 
the water remains in the piping. Experience indicates that the actual air release in 
a circulating water system of a conventional power-generating plant is probably on 
the order of 10 percent of calculated theoretical release. 

On gentle downward slopes, a continuous air pocket may form along the top 
of the pipe for the entire slope. In a sharper downward slope, several air pockets 
may form, each air pocket terminating in a hydraulic jump. Slopes may require a 
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water velocity in excess of 10 fps (3 m/s) to assure that the piping remains free of 
air. In a 90? drop, an air pocket may form in the upper portion of the bend and a 
velocity in excess of 7 fps (2 m/s) may be required for air elimination. Connections 
for air vents should be provided at all high points in the piping system and along 
sloping piping of considerable length. Air-release valves at the high points of these 
systems’ mains eliminate air pockets. 

Pipeline Alignment. Alignment, both horizontal and vertical, is one of the 
most important considerations in the design of a pipeline system. The pipeline must 
be buried deep enough to prevent freezing of pipe contents as well as to prevent 
flotation where the pipe is in a high-groundwater environment and may be empty 
on occasion. The designer must provide an alignment that provides sufficient clear- 
ance from other existing and proposed pipelines and structures, minimizes need 
for fittings, and avoids highways or other paving when possible. Under important 
roadways, the highway authorities may require the pipe to be placed in a casing. 
Additionally, the alignment should be such that it minimizes damage to life and 
property in case of pipeline failure. 

Finally, changes in pipeline direction or change in fluid velocity cause unbalanced 
forces in the pipeline. To provide pipeline stability, these forces must be restrained, 
using either thrust blocking or harnessing joints of enough pipe lengths to mobilize 
sufficient friction to counteract unbalanced forces. 


Corrosion and Erosion Effects 

Corrosion. All raw water coming from wells, rivers, lakes, or ocean is an 
extremely dilute water solution of mineral salts and gases. The salts are mineral 
matter dissolved by water flowing over and through the earth layers. The salts are 
mainly sulfates, bicarbonates, chlorides of calcium, sodium, and magnesium. These 
minerals give water its hardness (destroying soap and preventing lather) and precipi- 
tate as a white lime-type scale. The dissolved gases are atmospheric oxygen and 
carbon dioxide, picked up by water-atmosphere contact (e.g., spray, raindrops, and 
ammonia from decaying vegetable matter). 

The dissolved gases are the prime agents of chemical corrosion that act on the 
metals of piping systems. The oxygen attacks the iron or steel, and the process is 
accelerated by the carbon dioxide. The rate and extent of the chemical corrosion 
are influenced by the amounts of mineral salts dissolved in the water. 

The calcium content of water is used to measure the tendency of water to corrode 
or form scale. For this purpose, values are assigned to the calcium content and the 
alkalinity of the water. Adjustments are made for temperature and the effect of 
totally dissolved solids. The resultant value is compared with the observed pH of 
the water to determine whether it is corrosive or scaling. This is basically the 
Langelier saturation index as reported by Larson-Buswell in the Journal of the 
American Water Works Association, Vol. 28. 

The water is corrosive when the Langelier index (calcium carbonate saturation 
index) is minus (—). The water analysis will generally, but not always, show a pH 
value below 7 (acidic). 

The scaling in water lines occurs when the Langelier index is plus (+). The 
water analysis will generally show a pH value above 7 (basic). 

The precipitation of calcium carbonate as a scale or film thickness may be 
desirable as a means of protection against corrosion if the rate of buildup is suffi- 
ciently low. Calcium carbonate is undesirable on heat-transfer surfaces. Since tem- 
perature lowers the solubility of calcium carbonate and calcium sulfate, the Langelier 
index will vary for colder water and for warm water. 

The exterior of unprotected buried metallic pipe is subject to similar chemical 
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action due to exposure to water. In addition, the pipe exterior is susceptible to 
attack by aerobic and anaerobic bacteria, galvanic action, and stray electric currents. 
The chemical action on the pipe exterior may be more intense because of concentra- 
tion of oxygen, salts, and other chemicals leached out of the surrounding earth by 
ground water. 

Some forms of anaerobic bacteria that thrive only in the absence of free oxygen 
obtain their oxygen by the chemical breakdown of oxygen compounds in the earth, 
with the resultant production of substances such as hydrogen sulfide that will corrode 
the base-metallic buried pipeline. There are also many types of aerobic bacteria 
that produce sulfuric acid, sulfate, and ferric hydroxide, compounds that are all 
corrosive to steel or iron. Organic soil should be kept away from the vicinity of 
the pipeline to minimize possibility of this corrosive action. 

Also, when iron or steel is in contact with a more cathodic material, for example, 
copper or brass, a galvanic cell is formed, electrolysis results, and the corrosion 
rate of steel or iron increases. If iron or steel is in contact with a more anodic 
material, for example, zinc, the zinc will be the affected material and the corrosion 
rate of the steel or iron will decrease. 

There is some natural resistance to chemical corrosion of the base-metallic pipe 
materials. The chemical-corrosion product, an oxide film, may build up sufficiently 
to slow down or prevent further corrosion. 

The natural coating characteristics of the most commonly used piping materials 
are mentioned briefly below. 

On cast iron, the rust (iron oxide) builds up into a strong adhesive coating that 
finally forms a barrier sufficient to stop or slow down further corrosion. The higher 
silicon cast iron has the best characteristics in this respect. 

On steel, the rust powders and flakes off easily and does not build up into an 
adhesive, providing sufficient protective coating. 

For concrete and cement piping, the corrosion is of a different form. These 
materials are subject to leaching of the free lime from the cement, deterioration 
in alkali soils, and attack by organic growth. 

Cathodic Protection. If no protective coating is used, or if a low-cost, limited- 
life coating has been selected, cathodic protection may be considered as a means 
of limiting the main agent of corrosion, which is the electro-chemical process. In 
this process, the moist earth is the electrolyte, two dissimilar materials are the anode 
and the cathode, and the pipe wall between them completes the electric circuit. 
This process may be set in motion in a number of different ways, among which are 
dissimilar metals, galvanic action of a single metal due to dissimilar soils, variation 
in moisture and chemical content of soil, nonuniformity of metal caused by mill 
scale, surface scarring, welding, and even temperature differentials. 

The current flows from the anode to the cathode and causes corrosion at a rate 
greater than that which would occur by normal chemical means. Corrosion rate is 
increased at the anode end and decreases at the cathode end. The anode is the 
point or area at which the current leaves the metal, and the cathode is the point 
at which the current enters the metal. 

The electro-chemical galvanic series (Table C1.7) gives the relation between 
metals. The metal listed nearer the top of the table is the anode that will waste 
away. The metal nearer the bottom of the table is the cathode and will be protected. 
The farther from each other the metals are located in the table, the greater the 
potential difference will be between them and the greater the corrosion rate of the 
anode end. 

A typical example of the galvanic action of dissimilar metals is represented by 
a steam condenser having a steel shell, steel-tube sheets, and copper-alloy tubes. 
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TABLE C1.7 Galvanic Series 


Anode end (least noble, the wasting end) 
Magnesium 
Magnesium alloys 

Zinc 

Aluminum 

Aluminum alloys 
Cadmium 

Carbon steel 

Cast iron 

Stainless steel (active) 
Soft solder 

Tin 

Lead 

Nickel (active) 

Brasses 

Copper 

Bronzes 

Nickel-copper alloys 
Nickel (passive) 
Stainless steel (passive) 
Titanium 

Silver solder 

Silver 

Graphite 

Gold 

Platinum 

Cathode end (most noble, the protected end) 


The steel is nearer the anode end than is the copper alloy and, as a consequence, 
the corrosion of the steel tube sheets and shell is accelerated. Always, that metal 
which is higher in the galvanic series will waste away. 

Cathodic protection is a means of diverting the electro-chemical corrosion from 
the pipeline to wasting anodes. 

There are two methods of providing cathodic protection. The less costly installa- 
tion is the galvanic method based on a natural battery action between the position 
of metals in the electro-chemical table. An anode or wasting piece is deliberately 
used. This approach requires very careful analysis of all the varying conditions in- 
volved. 

The second and more costly cathodic protection is the impressed-current method 
that requires an external source of electricity. The impressed-current renders the 
piping cathodic to the surrounding soil by a controlled difference of potential. 

In locations where there may be stray currents, the installation of removal wires 
at designated points so that the current may leave the pipeline should be considered. 
In other words, stray currents are utilized to provide cathodic protection for the 
pipeline. 

Protective Coatings. Since corrosion of metal is a surface reaction, it is obvious 
that, if a protective coating which is continuous, impervious, chemically inert, and 
electrically insulating can be bonded to the interior or exterior of the piping, corro- 
sion cannot take place on the pipe surface as long as the protective coating remains 
in place undamaged and without cracks or pinholes. 
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The basis of selection for the best coating differs for the interior and exterior 
of the pipe. 

The coating on the interior of the pipe, to perform its function properly, would 
be selected for its chemical inertness, imperviousness, adhesiveness, adjustment to 
pipe deformation, and resistance to erosion caused by the flowing water. 

The coating on the exterior of the pipe would be selected for its chemical 
inertness, electrical resistance, imperviousness, adhesiveness, adjustment to pipe 
deformation, and resistance to shear and compression due to varying earth condi- 
tions. 

Galvanizing. The zinc used for galvanizing pipe is on the anodic (wasting) or 
electro-chemical protective side of the steel, and it is wasted or changed to zinc 
compounds before the steel pipe will be attacked. 

Coal-Tar Enamel. Specification AWWA C203 covers the coal-tar enamel pro- 
tective coatings for steel water pipe. This standard delineates the specifications for 
the materials involved, method of application to the inside and outside of the 
piping, the thickness required, protection of the coatings, testing, and other specifi- 
cations. 

The type of enamel is specified as AWWA coal-tar enamel and is described in 
this standard with full characteristics and the ASTM tests required. 

Erosion. Erosion effects in water piping systems is fundamentally an acceler- 
ated form of corrosion and as such is distinguishable from mechanical processes 
such as erosion abrasion and cavitation. Single-phase and two-phase erosion-corro- 
sion differ in that a second damage process (droplet impingement) is available 
under two-phase conditions, and this can accelerate the overall rate of attack. In 
the most severe cases of two-phase erosion-corrosion, rapid rates of metal loss 
(approximately 40 mils/year) have been reported. 

Erosion is observed only when specific combinations of material, water chemistry, 
and hydrodynamic conditions coexist. Most problems have been associated with 
plain carbon or very highly alloyed steels having a low content of dissolved oxygen 
and a pH less than about 9.3. Detrimental erosion occurs at temperatures within 
the range of 212°F to 525°F ([100?C to 274°C] but most rapidly between 260°F and 
400°F [127°C and 204°C]) and is restricted to locations where the mass-transfer 
coefficient is high. This can be either as a result of a high-fluid flow rate or because 
of the presence of a geometric flow discontinuity such as an impingement orifice, 
bend, tee, et cetera. 

Erosion under both single-phase and two-phase conditions can lead to a charac- 
teristic scalloped surface appearance, and in carbon steels the pearlite is preferen- 
tially attacked. Corrosion films are typically very thin and the surface sometimes 
appears polished, in marked contrast to adjacent regions which generally are more 
heavily oxidized. 

A number of laboratory investigations of erosion have been conducted (almost 
exclusively in single-phase water flow only), and major variables affecting the process 
have been identified and their effects documented. Quantitative mechanistic under- 
standing is not yet complete, but empirical predictive models are available. Labora- 
tory studies have shown the feasibility of a variety of mitigating actions and remedies, 
and several of these have been applied successfully. The physical picture of the 
erosion process that has emerged from this work is illustrated in Fig. C1.17. As can 
be seen, erosion can be viewed as a flow-accelerated corrosion process characterized 
by the presence of a poorly adherent magnetite film. 

The rate of metal removal depends on interactions between the rates of a number 
of subprocesses. 
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FIGURE C1.17 Phenomena occurring during erosion-corrosion. 


The laboratory work shows that three main groups of variables affect the rate 
of metal loss by erosion under single-phase conditions: 


* Material variables (chiefly the chemical composition) 


* Water-chemistry variables (temperature, pH, oxygen concentration, impurity 
content) 


* Hydrodynamic variables (flow rate, geometry) 


Some largely empirical models have been developed (Ref. 5) and are capable 
of metal-loss predictions within the range of the data on which they are based. 

Erosion occurs most readily in plain carbon steel. Austenitic stainless steels 
essentially are immune to erosion-corrosion. In ferritic steels, alloying elements 
such as molybdenum, copper and particularly chromium (even when present at 
levels of 1 percent or less) can greatly improve the erosion-corrosion resistance. 

The effect of steel composition depends on the severity of hydrodynamic condi- 
tions; as conditions become more demanding, higher alloy contents are required 
to confer the same resistance to erosion-corrosion. However, in the relatively mild 
situation typical of feedwater piping, significant effects of small changes in material 
composition would be anticipated based on the laboratory data. 

The effects on the erosion rates of water temperature, pH, and dissolved oxygen 
content have been studied by a number of investigators. For the orifice configuration 
tested, the temperature dependence at pH 9.05 has a flow-rate-dependent peak at 
about 284°F (140°C), suggesting that the erosion-corrosion rate is controlled by 
oxide dissolution kinetics at low temperatures and by mass-transfer limitations at 
higher temperatures. A marked decrease in erosion rate accompanies increases 
of pH. 


C.44 PIPING SYSTEMS 


Dissolved oxygen also has a marked effect in neutral water. Iron-release rates 
from carbon steel in 100°F to 400°F (38°C to 204°C) water at a flow rate of 6 
ft/sec (1.8 m/s) have been shown to decrease by up to two orders of magnitude as 
oxygen concentration was increased over the range 1 to 200 ppb. Tests indicated 
that it is important to keep oxygen levels above 15 to 20 ppb, and oxygen dosing 
is a fairly common practice. 

The effects on erosion of ionic impurities such as chlorides and sulfates have 
not been widely studied. In particular, there is little information which bears upon 
the question of whether a long prior period of adverse chemistry could have any 
irreversible effects. 

Plant experience indicates that geometry and flow rate are important factors in 
erosion. The physical picture of the process shown in Fig. C1.17 suggests that the 
importance of geometry and flow rate rises through their influence on the rate of 
mass transfer of oxide dissolution products away from the oxide-water interface. 
Laboratory studies have confirmed that the mass-transfer coefficient is the control- 
ling parameter; however, the exponent of the power function relating the erosion- 
corrosion rate and the mass-transfer coefficient is dependent on temperature. Since 
the mass-transfer coefficients for simple flow geometries can be calculated, the 
existence of these empirical relationships allows the erosion rate to be estimated 
for a variety of situations. However, local mass-transfer coefficients are sensitive 
to local geometrical discontinuities and at present can only be derived empirically. 

Component redesign or flow-path geometry improvements, aimed at reducing 
the mass-transfer coefficient, can sometimes be used to remedy erosion-corrosion 
problems. 

Referring to Fig. C1.17, the phenomena occurring during erosion is 


A. Iron hydroxides are generated: 


Fe + 2H;0 — Fe(OH), + Hp. 


B. Magnetite is formed according to the Schikorr reaction: 


3Fe(OH2) — Fe304 + H5 + 2H20. 


C. A fraction of the hydroxides formed in step B and hydrogen generated in steps 
A and B diffuse along pores in the oxide. 


D. Magnetite can dissolve in the pore. 
E. Magnetite dissolves at the oxide-water interface. 


F. Water flow removes the dissolved species by a convection mass transfer mech- 
anism. 


Example C1.3. The following presents a sample calculation of the rate of erosion- 
corrosion under single-phase flow conditions. The methodology used is based upon 
the work performed by Coney (Refs. 6 and 7). 

Physical and flow conditions for this example are 


Pipe outside diameter — 18.00 in (0.46 m) 
Pipe inside diameter = 17.00 in (0.43 m) 
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Wall thickness (nom.) — 0.50 in (.013 m) 


pH =9 

Pressure = 367 psig (2531 KPa) [gauge] 
Temperature = 380°F (193°C) 

Flow Rate = 5,000,000 Ibm/hr (630 kg/s) 


For these conditions the Reynolds number, Re, is 
Re = VDup/u (C1.22) 
where V = velocity, ft/sec (m/sec) 
Dy = inside diameter, ft (m) 
u = dynamic viscosity, Ibm/sec ft (N-s/m’) 


p = density, Ibm/ft? (kg/m?) 


Since the flow rate is known, the velocity can be calculated: 


W = pAV (C1.23) 
or 
W 
y = — (C1.24) 
Ap 


where W = flow rate, lbm/hr (kg/sec) 
A = flow area, ft? (m?) 


and 


|OOS RS) x IDE GR) asa) 


i — 1.29 x 107 
Boo Scl t Eran) 
5 x 10%) bm (Ke) x 1hr coc 

v= G x TO (ac) X aiee — 17 ft/sec, (m)/sec 
Z(E) ftm?) x 5538 (8) 


The mass-transfer rate is now calculated. 

In order to calculate the mass-transfer coefficient, an empirical correlation must 
be used. The Berger and Hau correlation is used prediciting this coefficient. The 
recommended range of this correlation is 10* < Re < 10°. This correlation will be 
used for two reasons: 


1. The turbulent-flow mass-transfer correlations are based, by analogy, on heat- 
transfer correlations. And heat-transfer correlations of the same form as Berger 
and Hau typically are valid up to Re = 10’. 


2. In view of the limited mass-transfer data at very high Reynolds number, this 
was judged to be the most suitable correlation for this application. 
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The Berger and Hau (Ref. 8) correlation is 


Sh = 0.0165 Re? 86 sc95? (C1.25) 


where the Sherwood number and the Schmidt number are dimensionless numbers 
defined as 


KD 
Sci nec 


(C1.26) 


Sc = 


d 
"m 
— C1.27 
"m ( ) 


where K = mass-transfer coefficient, ft/sec (m/sec) 
d= diffusivity, ft?/sec (m?/sec) 


The diffusivity of dissolved species in water, d, is equal to about 135 X 10° 
ft?/sec (m?/sec) for the temperature of interest. 


Thus, 
9.66 x 1075 (22) (Ns 
Sc = £ - — ra (en) Ca) = = 13 
pd SS) (ar) x135 x 10-7) 


Using the Berger and Hau correlation and rewriting to solve for K, 


K= (5. JOR So (C1.28) 
Dy 


Since everything is now known, K is calculated 


o (135 x 10° È) (a 


K = x) (0.0165)(1.37 x 107)956(13)9:9 


Gs) Gs) 


K = 0.005 ft/sec or 1.53 mm/sec 


This mass-transfer coefficient is for a straight pipe. For a rupture occurring near 
a change in flow direction, the straight pipe value should be increased. Figure C1.18 
presents a wide range of data showing the increase of heat and mass transfer with 
bends of various geometries. At the value corresponding to the elbow (0.5), the 
data range from about 0.4 to almost 2.0, with most of the data less than 0.7. To 
bound the problem, three calculations have been made. A low case at a value of 
0.4, a midcase at a value of 0.55, and a high case at a value of 0.7. For a straight- 
pipe mass-transfer coefficient of 1.53 mm/sec, the low-, mid-, and high-mass transfer 
coefficients in the elbow are: 2.14, 2.35, and 2.60 mm/sec, respectively. 

There is a large amount of experimental data correlating mass-transfer coefficient 
and erosion rate. The data are presented in Fig. C1.19. Using this figure, at the 
above values, and a pH of 9.0, the predicted erosion-corrosion rates are about 0.4, 
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FIGURE C1.18 Comparison of Eq. (77) of Ref. 6 with the data of various authors 
on heat and mass transfer in bends. 


0.5, 0.8 mm/year, respectively. How long would it take at the nd erosion rate to 
erode the pipe to one-half its original thickness? 


. thickness 
time = —————— (C1.29) 
erosion rate 


0.25 inches x 25.4 


inches 


time = 


= 12.7 years 
0.5 mm/year 
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Geometry: Orifice 2.72 mm dia. 
Tube 8.34 mm I.D. 


Flows: 


o x 926kgh^' 

a 

pH 9.05, 129.5°C à js is 2 
vO 291kg h^ 
e x 827kgh^! 
A v 579 kg h^! 
4$ 413kgh^ 
m 289kgh^ 


pH 9.50, 131?C 


Erosion Rate, (mm yr) 


0.1 


0.01 


0.1 


Mass Transfer Coefficient (mm s71) 


FIGURE C1.19 Mass transfer coefficient dependencies at different pHs. Correlations from 
loss profiles of specimens at four flow velocities. 


At the low rate, the time to thin the wall to half the original thickness is about 
15.9 years. At the high erosion rate it is about 7.9 years. 


Start-Up, Operation, and Maintenance Considerations 

Start-Up and Operation. Prior to start-up of water systems, the piping system 
should be cleaned as required. In some cases, chemical solvents are utilized, followed 
by flushing. Care should be taken that components not compatible with the chemical 
being used are removed during the cleaning and flushing process. Temporary strain- 
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ers are sometimes included in the system for preoperational purposes. This practice 
protects pumps and valve-seating surfaces from large particles left in the pipe from 
the installation and testing periods. Temporary strainers are replaced by spool 
pieces when the system is ready for start-up. The strainers should be kept on hand 
and installed in the system during major work or repair to the system and replaced 
by the spool pieces after the system is certified to be clean. Potable water lines are 
disinfected prior to being put in service. 

Prior to starting any system, the following precautions should be taken and 
included in plant procedures: 


1. Verify that the system is free of debris, has been cleaned and flushed thoroughly, 
and that all testing and inspections are complete. 


2. Verify that all components function as required. Rotate pumps by hand to 
ensure that impellers rotate freely, exercise valves several times, and if necessary, 
adjust packing. 

3. Verify that all instrumentation is in place and root valves open. 


4. Verify that the system piping and components are properly vented and drained. 
For high-pressure or high-temperature systems, ensure that vents and drains are 
routed away from personnel or sensitive equipment. Close the valves as evidence 
of complete venting and drainage occur. 


5. Verify valve line up intended for start-up, especially the required positions of 
pump discharge valves and minimum-flow recirculation valves. 


6. Monitor system initial operation for anomalies, such as surges, spikes, leaks, and 
control failures, and make necessary adjustments or shutdown the system and 
correct any problems. 


7. Monitor system pressures, flow rates, and component response as a regular 
planned routine. Logs should be maintained to develop a baseline condition for 
comparison for all modes of operation. 


8. System shutdown should generally be performed in reverse of the startup proce- 
dure. It is important, however, that specific instructions for the shutdown and 
securing of a system be included in operational procedures. In most cases drains 
should be left opened. 


9. High-energy systems require extra precautionary measures such as tagging or 
locking valve positions and the active overrides to controls and interlocks. 


Flow Balancing. The system through which water flows offers resistance to 
flow (as discussed) such as friction, static head, and back pressure. Flow rates in a 
system vary, depending on several factors, such as 


1. Variations in static head 

2. Valve alignment 

3. System demands or loads 

4. Flow control valve operation 


All affect system resistance. 

To design and operate a system, it would be ideal to assume steady-state opera- 
tion. If steady-state operation is assumed and the system contains branch lines of 
flow, it is important for economy and system stability to proportion flow in accor- 
dance with the specific demands of each branch or service. This is achieved by flow 
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balancing. On a theoretical basis this is done by plotting the system resistance 
curves for each branch for a given system flow. Since the total flow must equal the 
sum of all branch flows and the total pressure drop across each branch between 
junction points must be identical, the flow divides to produce these identical losses. 
The sum of the flow rates through each branch at a particular head provides the 
total flow rate for the system at that head. The total system flow required can be 
determined from load data, and resistance can be added to the branch lines by 
adjusting throttle-valve positions. In some cases orifices may be warranted. 

This practice in the field can be tedious but may be made easier with the proper 
flow- and pressure-measuring instrumentation and favorable throttle-valve charac- 
teristics. 

Maintenance. A major factor in developing a maintenance program is the acces- 
sibility of piping and components. Although accessibility should be designed into 
a system, it is not always practical; for example, in intake or municipal water systems, 
where most of the piping is buried. In cases such as this, it is cost effective to 
maintain piping upon failure. The designer should therefore be attentive about the 
design for buried pipe, including wall design to handle internal pressure and external 
loading, coating and linings to protect from corrosion, and other design elements. 
In considering accessibility of buried piping, the designer considers an alignment 
that will provide sufficient clearances from adjacent pipelines and structures to 
allow for possible future excavation and repair. Likewise, the designer may choose 
an alignment that avoids existing or future paved areas in order to minimize the 
expense of demolition or repair of the pavement and to minimize traffic disruption 
during initial construction as well as subsequently if pipeline maintenance is re- 
quired. Generally, the buried portion of a system is limited to passive components. 
Piping and normally opened or closed valves not usually requiring normal mainte- 
nance fall in this category. Other active components such as pressure regulators, 
relief valves, pumps, large valves, and metering devices should be located in build- 
ings, modules, or manholes and be readily accessible. For this latter category of 
components, a rigorous maintenance schedule should be developed. 

Depending on the degree of importance for safety and operation of a system, 
an inspection program should be instituted. Inspection during operation is mostly 
visual; however, some systems may be fitted with taps or probes for on-line in- 
spection. 

Beyond inspection, there are components which must be maintained on a regular 
basis regardless of need. The components' manufacturer provides instruction manu- 
als which recommend maintenance and spare parts for replacement. The station 
operator must also use judgment and operating experience in the development 
and implementation of maintenance procedures. Generally speaking, bolt tensions, 
gasket condition, and packing leakage can be monitored daily. Pressure and temper- 
ature monitoring can show evidence of component deterioration or malfunction. 
Problems such as clogged strainers, hung-up valves, and leaks or breaks can be 
determined by instrumentation readings when the problem is not normally visible. 
Instrument calibration for both system components and testing instruments should 
be more tightly controlled, although frequency varies. Inspection of coatings and 
painting on a scheduled basis will help to eliminate corrosion problems for ex- 
posed components. 

Accordingly, a sufficient supply of spare parts should be on hand. The system 
can be surveyed to determine which parts should be ordered. Operating experience 
can also help predict the expected life of parts that wear. 

Water sampling should be performed routinely. Depending on the service, it 
can determine the safety of the supply (if it is for human consumption) or prevent 
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corrosive or abrasive attack on internal components of the system. Sampling proce- 
dures should be developed to locate sampling points and to facilitate storage or 
transportation to the testing laboratory. Procedures should also contain acceptance 
criteria for each system application and associated water-treatment solutions for 
unacceptable water quality. 

Occasionally, water systems require flushing or mechanical cleaning. These oper- 
ations remove bacteriological growth, silt deposits, and scale buildup on pipe walls. 
Again, strict procedures must be developed and adhered to in order to control work. 

Installation and Testing. Designer’s piping-arrangement drawings and isomet- 
rics, if provided, are the governing documents for installation of piping. Unless 
existing site conditions warrant otherwise, piping shall be installed in accordance 
with the piping-arrangement drawings. 

Buried Piping. The trench for installation of buried piping shall be of sufficient 
width and depth to provide necessary bedding and cover, depending on traffic 
volume and depth of frost line, and to facilitate joining, tapping, and future mainte- 
nance considerations. Pipe should be laid flat on the bedding and not supported 
on the end by the bell. 

The trench should be filled in accordance with the specified requirements for 
fill material, rock size, and compaction. When specified, an insulating type of initial 
fill may be used. As indicated previously, configuration of trench and type and 
compaction of bedding and backfill can have a large impact on pipe adequacy to 
handle external loads. Generally, in the municipal waterworks industry, ductile- 
iron pipe is installed in accordance with AWWA C600, PVC in accordance with 
AWWA C905, prestressed concrete pipe in accordance with AWWA Manual M9, 
and steel pipe with AWWA Manual M11. 

Aboveground Piping. For support of aboveground piping, there are two gener- 
ally accepted procedures. One is to temporarily support the piping during fit-up 
and then to install the supports. The second procedure is to install the pipe support, 
then the piping. In either case, location tolerances should be provided and adhered 
to during design so as not to invalidate stress-analysis calculations. Cold springing 
of pipe should also be avoided but, if required, kept within tolerances. 

Prior to being placed in service, pipelines are generally tested for a specified time 
period at pressures that include operating and possibly surge-allowance pressures. 
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INTRODUCTION 


General 


Fire protection systems are unique in that the majority of their service life is spent 
in a static, no-flow condition. However, when required to operate in an emergency, 
fire protection systems can be critically important to the safety of building occupants, 
the protection of property, and the continued operation of a facility. For these 
reasons, the piping associated with fire protection systems must be designed to 
minimize service interruptions and be capable of operating reliably over an extended 
period of time. 

To ensure that fire protection systems are reliable, building and insurance author- 
ities require that they be constructed in accordance with nationally recognized 
standards. Federal regulations or locally adopted requirements may also be appli- 
cable. 

Fire protection piping, as treated in this chapter, deals with the network of 
distribution piping that delivers fire extinguishing agents. This chapter presents 
general information on piping materials, available references, and design considera- 
tions for both aboveground system piping and underground water supply piping. 


Types of Fire Suppression Systems 


There are numerous types of fire suppression systems. All of them use piping or 
tubing to convey fire suppression agents to a protected area or to a specific fire 
hazard. The type of fire suppression system selected for a particular building or 
location depends on the nature of the fire hazard, the value of the building and 
contents, applicable code and regulatory requirements, and physical considerations 
such as environment and aesthetics. The common fire suppression systems are 
described in the following subsections. 


C.53 


C.54 PIPING SYSTEMS 


Automatic Sprinkler Systems. An automatic sprinkler system, for fire protection 
purposes, is a network of piping to which automatic sprinklers or open sprinklers 
are attached. The system is connected to an automatic water supply. The piping 
network and connected sprinklers are distributed throughout the protected area in 
accordance with fire protection engineering standards. 

Automatic sprinkler systems may be wet pipe, dry pipe, preaction, or deluge 
type (each discussed independently in the following paragraphs) depending upon 
the conditions by which water is admitted into the piping for distribution out of 
the sprinklers. With the exception of the deluge-type system, which uses open 
sprinklers, all automatic sprinkler systems use automatic sprinklers. 

Automatic sprinklers are sealed by a heat-responsive element such as a eutectic 
solder link or a frangible glass bulb. When the heat-responsive element of an 
automatic sprinkler reaches its predetermined operating temperature during a fire, 
the individual sprinkler opens, discharging water to control the fire. 

System operation is generally stopped manually by closing the system control 
valve. Control valves should be kept in the open position until the fire is completely 
extinguished and should be constantly manned during postfire overhaul operations 
in case the fire rekindles. 

The wet pipe system is the most basic and common type of automatic sprinkler 
system. See Fig. C2.1. It is the most economical system as well as the most reliable 
one due to its simplicity. In the wet pipe system, the system piping is constantly 
charged with water under pressure. In addition to the main control valve, the system 
may also have sectional control valves. The system is also required to include at 
least a local water flow alarm. It is now common to use central station signaling 
systems to monitor water flow in the system; to supervise the open position of 
system control valves; and to supervise the ready condition of water supply elements 
such as pumps, pressure tanks, and gravity tanks. 

The water flow alarm device for any automatic sprinkler system is located in 
the main supply pipe of the system, generally a vertical section of main termed the 
system riser. For a wet pipe system the alarm device is usually either an alarm check 
valve or a paddle-type water flow switch. An alarm check valve (see Fig. C2.2) is 
a valve with a free-swinging, hinged clapper that opens when water flows through 
the system and automatically reseats when the flow stops. Moving the clapper from 
its seat, as in a system flow condition, opens ports that permit water to flow to 
mechanical water gongs or electric pressure switches. In a water flow switch, (Fig. 
C2.3) the paddle in the water piping lies motionless until water flows through the 
system. Movement of the paddle by water flow closes contacts used to initiate 
electrical alarms. 

Automatic wet pipe sprinkler systems are provided for general fire suppression 
throughout an area where fixed suppression is required and where there are no 
special considerations that restrict their use. 

Dry pipe automatic sprinkler systems are used primarily in unheated occupancies 
and structures. See Fig. C2.4. In a dry pipe system, a dry pipe valve is located in 
the main supply header or system riser. All piping downstream of the dry pipe 
valve is charged with air or nitrogen to hold the clapper of the dry pipe valve 
closed. The dry valve is configured to give a mechanical advantage to the downstream 
pressure, such that 30 to 40 psi (200 to 300 kPa) air or nitrogen pressure can hold 
back up to 175 psi (1200 kPa) water pressure. When a sprinkler opens, the air or 
nitrogen is released, tripping the dry pipe valve and introducing water to the system 
piping. See Fig. C2.5. 

Deluge systems are used to provide fire protection specifically for high-hazard 
equipment or areas such as transformer areas and ammunition magazines. A deluge 
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FIGURE C2.1 Typical wet pipe system. 
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FIGURE C2.2 Typical wet pipe system alarm check valve. 


valve, as described for the preaction system, is provided in the main supply header 
or system riser. See Fig. C2.6. A deluge valve is a normally closed, automatic control 
valve located in the system riser that prevents water from entering the system piping 
until required. Operation of the deluge valve is achieved by an electric, hydraulic, 
or pneumatic signal initiated by a separate detection system located within the 
protected space. The detection system can employ fixed temperature or rate-of- 
rise heat detectors, smoke detectors, infrared or ultraviolet detectors, or separate 
“pilot line" sprinklers. The deluge valve must also be arranged to be operated 
manually. Open sprinklers or spray nozzles are mounted to the piping network of 
deluge systems in lieu of sealed automatic sprinklers. When the deluge valve is 
opened upon activation of the separate detection system, water simultaneously 
flows from all sprinklers or spray nozzles on the system. 

Preaction sprinkler systems are provided for fixed fire suppression where it is 
particularly important to prevent the accidental discharge of water into an area. 
The piping network of a preaction sprinkler system is maintained dry until water 
is needed for fire suppression. Automatic sprinklers are installed on the piping 
network. See Fig. C27. 

A deluge valve is provided for each preaction system. The preaction system is 
generally required to be charged with a low supervisory air pressure. 

Preaction systems can be configured in various ways. The traditional preaction 
system, in which water enters the piping based only upon the activation of the 
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FIGURE €C2.3 Water flow detector/switch. 


detection system, is now termed a single-interlock preaction system. A noninter- 
locking preaction system is one configured such that either the activation of the 
detection system or the operation of an automatic sprinkler permits water to flow 
into the system piping. A double-interlock preaction system, intended for use in 
freezers and other locations where water trapped in the piping would cause damage, 
requires both the activation of the detection system and the operation of one or 
more automatic sprinklers in order to release water into the system piping. 


Gaseous Fire Suppression Systems. Gaseous fire suppression systems are provided 
in areas where water is not the extinguishing agent of choice, such as for specialized 
electronic equipment rooms or water-sensitive storage areas. Nevertheless, it is 
often recommended that gaseous fire suppression systems be supplemented with 
an automatic sprinkler system protecting the same area due to the high reliability 
of the latter. 

Gaseous fire suppression systems formerly included halogenated gas (Halon) 
suppression systems, but these have been largely eliminated by international 
agreement due to their ozone-depleting properties. New alternative “clean agents" 
have joined carbon dioxide as acceptable gaseous fire suppression system agents. 
These extinguishing agents are generally stored in pressurized cylinders or tanks. 
The number of cylinders and quantity of extinguishing agent required for a particular 
area is dependent on the volume of the protected space, the design concentration 
demonstrated to achieve fire control or extinguishment, and the physical arrange- 
ment of system piping and nozzles. 

Automatic activation of these systems is initiated by an electrical signal from a 
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FIGURE C2.5 Schematic dry pipe valve diagram. 


separate detection system installed in the protected space. When the detection 
system senses the fire condition, the extinguishing agent is released into the protected 
space. Manual means for discharging the systems are also provided. Discharge of 
gases that would create a hazard to life safety must be accompanied by warning 
systems within and around the protected area. 
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FIGURE C2.6 Typical deluge system diagram. 
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FIGURE C2.7 Typical preaction sprinkler system diagram. 


To be effective, the extinguishing agent must be maintained in the protected 
area at design concentrations for a sufficient length of time, often 10 minutes or more. 
To maintain the concentration level, the protected space should have boundary 
penetrations appropriately sealed to prevent leakage of the agent. 


Foam Fire Suppression Systems. Foam fire suppression systems are used primarily 
to protect hazards or areas having flammable liquid fire hazards. The fire extinguish- 
ing foam is made by mixing foam concentrate and water within the piping network. 
The foam extinguishes fire by smothering the fire, suppressing flammable vapor 
production, and cooling the fuel in adjacent areas. 

The specifications for piping material that carries foam concentrate and solution 
must be closely coordinated with the recommendations of the foam manufacturer. 
Often stainless steel piping is recommended. Selecting an inappropriate piping 
material may increase maintenance needs on the system and decrease the piping’s 
usable service life. 

Foam can also be added to automatic sprinkler systems to improve performance, 
especially for fires involving flammable liquids. 


Chemical Extinguishing Systems. Dry and wet chemical extinguishing systems 
are generally preengineered systems, meaning that flow rates, nozzle pressures, 
and quantities of agent are predetermined for the geometries of specific hazards. 


FIRE PROTECTION SYSTEMS PIPING C.61 


Historically, the most common application for these systems has been for restaurant, 
commercial, and institutional hoods, plenums, and ducts, mainly those associated 
with cooking appliances. Dry chemical systems employ a powder composed of 
very small particles, usually with a base of either sodium bicarbonate, potassium 
bicarbonate, or ammonium phosphate. Wet chemical systems employ a solution of 
water and either potassium carbonate-based or potassium acetate-based chemicals. 


Water Mist Systems. Water mist systems were developed in part to substitute for 
the use of Halon, and in part as an alternative to the use of automatic sprinkler 
systems where water supply must be kept to a minimum due to limitations on either 
weight or volume. Water mist systems are distinguished from automatic sprinkler 
systems by their smaller droplet sizes, which tend to be more effective in cooling 
but less effective in penetrating upward fire plumes. Some water mist systems are 
configured much like automatic sprinkler systems, utilizing small orifices to produce 
the small droplet diameters. Others utilize pressures in excess of 1500 psi (10 MPa) 
to produce the water mist. Still others employ twin fluid nozzles, using air or nitrogen 
under pressure to break a water stream up into a fine mist. 


Standpipe Systems. A standpipe system consists of a network of piping that sup- 
plies water for manual fire suppression throughout a building or facility. The network 
is supplied by a fire protection water supply system and it distributes water to 
normally closed standpipe valve outlets or hose stations. 

Standpipe systems often serve as the source of water supply to automatic fire 
sprinkler systems, particularly in high-rise buildings. In such cases, sprinkler systems 
on each floor are fed from the vertical standpipe riser through floor control valves. 
Each floor is provided with a water flow switch and a combination test/drain valve, 
connected to a separate drain riser. This enables the alarms from the flow switches 
on each floor to be tested. 


Hydrant Systems and Water Supplies. Hydrant systems are generally used in 
conjunction with private fire service mains, which also serve to distribute water 
from the source of supply to most water-based fire protection systems. In many 
cases the source of supply is the public water main as maintained by the public 
water works company. In other instances, such as in a large industrial plant, the 
water supply system may be privately owned and operated. Regardless of ownership, 
the design of the water supply to fire protection systems is a critical factor in assuring 
reliable fire protection. 

A fire protection water supply system may consist of storage tanks, pumps, 
underground and aboveground piping, and associated control and isolation valves. 
Underground valves are normally of the post indicating type. 

The capacity and pressure required of a particular water supply system is gener- 
ally related to the design demands of the water-based fire suppression system in 
conjunction with the normal water consumption for a facility. Additionally, local 
authorities and insurance organizations often prescribe fire flow requirements for 
individual properties. 


REFERENCE DOCUMENTS 


Codes and Standards 


As a rule, building and fire codes do not specifically address fire protection system 
piping, but instead reference system installation standards. The generally recognized 
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standards that address fire protection systems piping are those developed by the 
National Fire Protection Association (NFPA). Federal regulations may reference 
applicable NFPA standards, but often include special requirements for unique fire 
protection systems such as those protecting marine, military, or nuclear facilities. 
Local, municipal, or state regulations may also be applicable. 

Some insurance organizations publish their own standards or supplements to 
the NFPA standards that may be applicable to a particular project. 

Some generally recognized standards that relate to fire protection piping systems 
are listed in Table C2.1. Table C2.2 contains additional standards referenced with 
regard to materials, joining and installation methods. 

There are additional NFPA codes, standards, and recommended practices and 
guides which may contain specific design criteria for particular hazards or facilities. 
A complete listing of available documents developed by NFPA technical committees 
is available by contacting the National Fire Protection Association, Batterymarch 
Park, P.O. Box 9101, Quincy, MA 02269-9101. 

Fire protection standards often require specific equipment or materials to be 
“listed.” The term listed means that the equipment or material has been evaluated 
by a recognized product evaluation organization and has been found to meet appro- 
priate standards or has been tested and evaluated for use in a particular fire protec- 
tion application. Recognized organizations concerned with product evaluation pub- 
lish lists of evaluated and approved, i.e., listed products. Additionally, the listing 
organization performs periodic follow-up inspections of the production of listed 


TABLE C2.1 National Fire Protection Association (NFPA) System Standards 


NFPA standard no. Title 

NFPA 13 Standard for the Installation of Sprinklers 

NFPA 13D Standard for the Installation of Sprinkler Systems in One- and 
Two-Family Dwellings and Mobile Homes 

NFPA 13R Standard for the Installation of Sprinkler Systems in Residential 
Occupancies Up to Four Stories in Height 

NFPA 14 Standard for the Installation of Standpipe and Hose Systems 

NFPA 20 Standard for the Installation of Centrifugal Fire Pumps 

NFPA 22 Standard for the Installation of Water Tanks for Private Fire Pro- 
tection 

NFPA 24 Standard for Private Fire Service Mains and Their Appurtenances 

NFPA 11 Standard for Low-Expansion Foam 

NFPA 11A Standard for Medium- and High-Expansion Foam Systems 

NFPA 15 Standard for Water Spray Fixed Systems 

NFPA 16 Standard for Deluge Foam-Water Sprinkler and Spray Systems 

NFPA 16A Standard for the Installation of Closed-Head Foam-Water Sprin- 
kler Systems 

NFPA 231 Standard for General Storage 

NFPA 231C Standard for Sprinkler Protection for Rack Storage of Materials 

NFPA 12 Standard on Carbon Dioxide Extinguishing Systems 

NFPA 12A Standard on Halon 1301 Fire Extinguishing Systems 

NFPA 17 Standard for Dry Chemical Extinguishing Systems 

NFPA 17A Standard on Wet Chemical Extinguishing Systems 

NFPA 750 Standard on Water Mist Fire Protection Systems 

NFPA 1963 Screw Threads and Gaskets for Fire Hose Connections 

NFPA 2001 Standard on Clean Agent Fire Extinguishing Systems 
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TABLE C2.2 Additional Standards for Fire Protection Piping 


ASME B36.10M 
ASME B36.19M 
ASME B120.1 
ASME B16.18 
ASME B16.22 


ANSI/AWWA A21.50/C150 
ANSI/AWWA A21.51/C151 


ASME B31.1 
ASME B31.3 
ASTM A795 
ASTM A53 

ASTM A135 
ASTM A268 
ASTM A269 
ASTM A632 


ASTM A778 


ASTM A789/A789M 


AWWA C203 


AWWA C205 


NFPA 51B 


Welded and Seamless Wrought Steel Pipe 

Stainless Steel Pipe 

Pipe Threads, General Purpose 

Cast Copper Alloy Solder Joint Pressure Fittings 

Wrought Copper and Copper Alloy Solder Joint Pressure 
Fittings 

Thickness Design of Ductile-Iron Pipe 

Ductile-Iron Pipe, Centrifugally Cast, for Water or Other 
Liquids 

Power Piping Code 

Process Piping Code 

Black and Hot-Dipped Zinc Coated (Galvanized) Welded 
and Seamless Steel Pipe for Fire Protection Service 

Welded and Seamless Steel Pipe 

Electric Resistance Welded Steel Pipe 

Seamless and Ferretic Stainless Steel Tubing for General 
Service 

Seamless and Welded Austenitic Stainless Steel Tubing for 
General Service 

Seamless and Welded Austenitic Stainless Steel Tubing 
(Small Diameter) for General Service 

Welded Unannealed Austenitic Stainless Steel Tubular 
Products 

Seamless and Welded Ferritic/Austenitic Stainless Steel 
Tubing for General Service 

Standard for Coal-Tar Protective Coatings and for Steel 
Water Pipelines—Enamel and Tape—Hot Applied 

Standard for Cement/Mortar Protective Lining and Coat- 
ing for Steel Water Pipe [4 in (100 mm) and Larger]— 
Shop-Applied 

Standard for Fire Prevention in Use of Cutting and Weld- 
ing Processes 


equipment and material. It is important that all fire protection piping products be 
used in applications consistent with their listing. 

For fire suppression system equipment, two product evaluation organizations in 
the United States are generally recognized by authorities having jurisdiction as 
providing appropriate listing services: Underwriters Laboratories, Inc. (UL) and 
Factory Mutual Research Corporation (FM). 


Other Reference Documents 


Other references related to the design of fire protection piping systems include 


the following: 


* NFPA Fire Protection Handbook, National Fire Protection Association 


* Fire Protection Equipment List, Underwriters Laboratories, Inc. 


* Factory Mutual System Approval Guide, A Guide to Equipment, Materials and 
Services Approved by Factory Mutual Research for Property Conservation 
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* Automatic Sprinkler Systems Handbook, National Fire Protection Association 


* The SFPE Handbook for Fire Protection Engineering, Society of Fire Protec- 
tion Engineers 


* AWWA Handbooks, Manuals and Standards, American Water Works Associ- 
ation 


* Federal Regulations, Standards and Specifications 
* State and Local Codes and Standards 
* [nsurance Organization Standards and Manuals 


Federal agencies and departments that regulate fire-protection-related matters 
reference NFPA standards extensively. However, specific federal regulations may 
be issued. When issued for enforcement, these federal regulations are published in 
the Code of Federal Regulations, available from the General Services Administra- 
tion. Departments of the U.S. Government that issue regulations related to fire 
protection include the General Services Administration; the departments of De- 
fense, Energy, Labor, Veterans Affairs, and Housing and Urban Development; and 
the U.S. Coast Guard and branches of the military. 

Several insurance organizations publish standards to be used in the evaluation 
of property insurance risks and to provide fire protection guidance to their insureds. 
Such organizations include the Factory Mutual Research Corporation (FMRC), 
Industrial Risk Insurers (IRI), and Kemper Insurance. The Insurance Services 
Office (ISO) relies exclusively on the use of NFPA standards. Other insurance 
associations that exist for special underwriting risks such as the nuclear, marine, 
textile, and food industries sometimes have their own guidelines and special require- 
ments. 

Most standards related to fire protection piping have been developed based on 
the needs and experience of a particular region or industry. In North America, 
these standards are generally based on NFPA codes and standards. With the increas- 
ing global community and economy, awareness of standards from other countries 
and communities is becoming imperative. Examples include DIN (German Stan- 
dards Institute), AFNOR (French Standards Association), and BSI (British Stan- 
dards Institute). It should be recognized that many European standards are currently 
being harmonized as CE (European Community) standards. 


DESIGN CONSIDERATIONS 


To ensure that all necessary aspects that could impact fire protection piping systems 
are considered, design goals should be established based on present and projected 
system needs and conditions. These design goals must consider expected fire sup- 
pression system demands, building locations, economic constraints, reliability, water 
supply source availability, design pressures, and environmental conditions. 


Design Conditions 


Working Pressure. The maximum working pressure of a particular installation 
must be considered when selecting the type and class of pipe to be used. To 
determine the maximum working pressure for water systems, designers should 
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consider fire pump shut-off head, elevation changes, and the expected range of 
Source pressures. 

Pipe in underground fire service mains is generally expected to withstand a 
working pressure of not less than 150 psi (1.0 MPa). System components are 
listed accordingly. 

Pipe in overhead fire protection systems such as sprinkler systems and standpipe 
systems is generally listed for a minimum working pressure of 175 psi (1.2 MPa). 
This matches the usual minimum working pressure of system components such as 
automatic sprinklers, water flow switches, alarm valves, and dry valves. However, 
some components are listed for higher working pressures. When working pressures 
exceeding 175 psi (1.2 MPa) are expected, all valves, fittings, and pipe should be 
rated for the appropriate pressure. Several types of pipe specifically listed for fire 
protection service are listed for a working pressure of 300 psi (2.0 MPa). 

Because sprinkler system components are generally intended for use up to 175 
psi (1.2 MPa), higher pressures should be avoided. However, in design situations 
such as high-rise buildings and large multibuilding complexes, higher pressures may 
be necessary. When these situations occur, sprinkler system components should be 
protected from excessive pressures. This is accomplished by utilizing approved 
pressure-reducing valves. 

Pressure-reducing valves are intended to protect components from both high 
static (nonflowing) and flowing pressures. A pressure relief valve that simply drains 
away flow to relieve pressure is not a pressure-reducing valve, nor is a restricting 
orifice that simply reduces flowing pressures. A pressure control valve is a pilot- 
operated pressure-reducing valve that can be used to reduce the downstream water 
pressure to a maximum specific value under both static and flowing water conditions. 
The setting of the valve must be carefully controlled and its operability regularly 
maintained to assure that sufficient pressure is available to properly operate the 
fire protection systems. 

When evaluating the impact of fire pump operating pressures on the maximum 
working pressure conditions, the total discharge pressure at pump shut-off should 
be considered. Centrifugal fire pumps, the types of pumps used in most water-based 
fire protection systems, are permitted to have a shut-off or churn pressure of up 
to 140 percent of rated pressure. 

The minimum operating pressure at the discharge point of sprinklers or spray 
nozzles must be maintained to assure proper discharge flow and water spray distribu- 
tion. Operating below these minimums can prevent a system from controlling or 
suppressing a fire. 

NFPA 13 requires a minimum discharge operating pressure of 7 psi (48 kPa) for 
any sprinkler. Higher minimums are required for devices with special applications or 
nonstandard coverage areas and flows, such as extended-coverage sprinklers. The 
minimum pressure required for such specific application sprinklers can be unique 
to manufacturer, model, and intended application. These higher minimums are part 
of the sprinkler's listing and are described in the manufacturer's product literature 
that is approved at the time of the product listing. 

The working pressures for gaseous suppression systems and water mist can be 
substantially higher than those normally found in most water-based fire protection 
water systems. Storage cylinders with pressures of 600 to 850 psi (4 to 6 MPa) are 
typical for gaseous systems, and pressures in excess of 1500 psi (10 MPa) are 
encountered with some types of water mist systems. These pressures result in 
substantial thrust forces and piping stresses that are critical factors in the design 
of these fire suppression piping systems. 
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Sources of Water Supply. Water for fire protection purposes can be obtained from 
public water systems, storage tanks, and raw water sources such as rivers, lakes, 
and reservoirs. The source must be reliable and of sufficient flow and capacity to 
operate the connected fire protection systems. 

The required flow capacity and residual pressure for a particular building is 
dependent on automatic sprinkler system demand, hose stream demand for interior 
fire fighting purposes, and exterior hose stream demand from fire hydrants. The 
required flow capacity at minimum residual pressure is often referred to as the 
system demand. For a sprinkler system, system demand is the minimum water supply 
required to operate the number of sprinklers contemplated to open from a particular 
fire hazard, plus an allowance for manual hose stream operations. NFPA 13 covers 
water supply requirements for most automatic sprinkler systems. 

NFPA 14 provides requirements for the water supply necessary for various 
classes of standpipe systems. For fully sprinklered buildings, the water supply for 
sprinklers need not be added to the standpipe system demand required by NFPA 
14. This is in recognition of the reduced likelihood of a large uncontrolled fire in 
a fully sprinklered building. For partially sprinklered buildings, the sum of the 
sprinkler system demand and standpipe system demand must be supplied by the 
water source. 

Water demand requirements for a particular building in excess of minimum 
standards may be set forth by the loss-prevention department of the property's 
insurance carrier. 

When raw water is the supply source 
for automatic sprinkler systems, special 
provisions are required to reduce the ac- 
cumulation of sediment in piping drop 
nipples. Return bends are required to 
prevent the accumulation of sediments 
in drop nipples that might eventually 
plug sprinklers, obstructing the flow of 
water (see Fig. C2.8). 

All sprinkler system cross mains must 
be arranged for flushing with easily re- 
movable fittings. Internal inspections of 
fire protection piping systems should be FIGURE C2.8 Typical return bend arrange- 
conducted whenever any of the follow- ment. 
ing conditions are observed: 


* Defective intake screens for fire pumps taking suction from open bodies of water 
* Discharge of obstructive material during system tests 
* Foreign material in fire pumps or system valves 


Plugged sprinklers, nozzles, or piping during system alterations 


Failure to flush yard piping or surrounding public mains at time of new installation 
or repairs 


* Record of broken public mains in the vicinity 


Abnormally frequent false tripping of dry pipe valve(s) 


* System returned to service after shutdown exceeding a year 


Reason to suspect sodium silicate or highly corrosive fluxes were used within 
system piping 
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Freezing Temperatures. Fire protection piping systems must be protected from 
freezing when temperatures cannot be constantly maintained above 40°F (4°C). For 
underground mains, burying pipes below the frost line is the usual method to protect 
against freezing. The depth of cover for underground water mains to avoid freezing 
in different regions of the United States and Canada is shown in Fig. C2.9. 

In fire protection system piping, there may be no circulation of water through 
the piping such as exists in a public waterworks system. As such, depth of bury is 
usually deeper than with other piping systems. Exposed short sections of pipe should 
be boxed or wrapped and heated, since the use of exterior insulation only on 
exposed pipes is likely to be ineffective for prolonged exposure to freezing condition. 

Aboveground fire protection systems must also be protected from low tempera- 
tures. Where required, this is usually accomplished by providing special suppression 
systems such as a dry pipe sprinkler system. For dry pipe systems, the dry pipe 
valve must be located within a heated enclosure. Attempts to use heat tape to 
protect dry valve bodies against freezing can result in damage to internal gaskets 
and seals. 

For residential sprinkler systems, where the pipe is separated from the heated 
area by no more than a sheet of gypsum board, R-19 insulation carefully installed 
between the system piping and the exterior walls and roof is considered capable 
of protecting the pipe from exterior temperatures as low as —40°F (—40°C). This 
assumes that the building interior is maintained at a minimum 50°F (10°C) tempera- 
ture. Insulation should never be used between the sprinkler system piping and the 
heated space. 


Corrosive Environments. Corrosive conditions, both in soil and in air, require 
special precautions for fire protection system piping, fittings, and hangers. The 
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FIGURE C2.9 Depth of cover (in feet) map. 
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precautions may involve the use of corrosion-resistant material or the application 
of protective coatings or wraps. The method of protection depends on the expected 
severity of the corrosive conditions. 

All buried ferrous metal pipe be lined, and steel pipe must be coated and wrapped 
to meet the requirements of NFPA 24. Galvanizing, either internally or externally, 
does not satisfy these requirements. Buried steel pipe fittings must also be lined, 
and fittings and joints must be field-coated and wrapped after assembly. 

Cement mortar lining should be in accordance with the requirements of AWWA 
C104 for ductile iron pipe and fittings, of AWWA C205 for steel water pipe, or of 
AWWA C602 when lining pipe in place. Polyethylene encasement in accordance 
with AWWA C105 is recognized for protecting ductile iron pipe. When coal-tar 
enamel protective coatings are used for steel water pipe, the requirements of 
AWWA C203 apply. AWWA C105 is referenced for polyethylene encasement of 
steel pipe as well. 

Damage to piping due to corrosive atmospheric conditions can be a problem in 
areas with high levels of moisture, salt air, or fumes from corrosive chemicals. 
Where these conditions exist, corrosion-resistant pipe, fittings, and hangers should 
be used or a protective coating applied to exposed surfaces. In high-moisture areas, 
consideration should be given to the use of galvanized pipe or copper tubing for 
aboveground fire protection piping. Commercial grade corrosion-resistant paint can 
be used in a corrosive environment. As with any coating, maintenance is important 
for maximum effectiveness. 

When a corrosive water supply exists, threaded thin-wall pipe should be avoided. 
When these conditions exist, piping wall thickness should be at least Schedule 40. 
NPS 8 (DN 200) and larger pipe may be Schedule 30. 


Seismic Integrity. Fire protection piping systems require protection from damage 
when installed in areas subject to earthquakes. Areas where the potential for earth- 
quake damage exists and special protection is required are determined by building 
codes, insurance requirements, and regulatory agencies. 

Where earthquake protection is required for aboveground piping, NFPA 13 
provides appropriate design criteria for automatic sprinkler systems and similar 
systems. NFPA 13 does not require seismic protection, but rather provides criteria 
where such protection is required by other codes and standards. Flexible pipe 
couplings, lateral and longitudinal sway bracing, and prescribed pipe clearances are 
strategically used to prevent damage to piping. 

Flexible mechanical pipe couplings are mandated at strategic points in the system 
where building components are expected to move differentially. For example, flexi- 
ble couplings are required near the top and bottom of sprinkler and standpipe 
risers on each floor of multistory buildings to accommodate maximum expected 
building drift. Except where flexible couplings are provided on both sides of walls, 
floors, platforms, and foundations, annular clearances up to 2 inches (50 mm) are 
necessary. Sway bracing is used to limit excessive lateral and longitudinal movement 
of mains and large branch lines where the system is expected to move with the 
building, such as below floor/ceiling slabs. 

NFPA 13 provides additional details on the seismic protection of sprinkler 
systems. Alternate means of protecting automatic sprinkler systems from earth- 
quake damage to those found in NFPA 13 may be used when an analysis demon- 
strates that acceptable system performance is achieved under expected seismic 
forces. For additional information on piping system stress analysis and supports, 
refer to Chaps. B.4 and B.5 of this handbook. 
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Aboveground Piping 


Materials and Wall Thickness. Fire protection piping systems can convey many 
different suppression agents at a wide range of operating conditions. These agents 
include water and aqueous solutions, chemicals, and gases, each with different 
piping material requirements. Therefore, aboveground piping for fire protection 
systems must be designed and installed in accordance with the applicable NFPA 
standards relating to the system type being installed. The appropriate type of pipe 
is determined by design considerations, economics, ease of installation, and trouble- 
free service and environmental factors. 

The vast majority of piping used in aboveground piping for fire protection is 
steel, which accounts for more than 90 percent of installations. Steel piping for fire 
sprinkler systems and most other water-based fire suppression systems must either 
be listed for its service or meet or exceed the requirements of one of the follow- 
ing specifications: 

ASTM A795— Black and Hot-Dipped Zinc Coated (Galvanized) Welded and 

Seamless Steel Pipe for Fire Protection Service 

ASTM A53— Welded and Seamless Steel Pipe 

ASTM A135—Electric-Resistance Welded Steel Pipe 

ASME B36.10M—Welded and Seamless Wrought Steel Pipe 


Out of concern for potential clogging of small orifices, water mist systems are 
not permitted to be constructed of black steel or galvanized piping. Piping is required 
to have corrosion resistance equivalent to pipe made to the following acceptable 
standards: 


ASTM A269— Seamless and Welded Austenitic Stainless Steel Tubing for Gen- 
eral Service 


ASTM A632—Seamless and Welded Austenitic Stainless Steel Tubing (Small- 
Diameter) for General Service 
ASTM A778—Welded Unannealed Austenitic Stainless Steel Tubular Products 


ASTM A789/A789M—Seamless and Welded Ferritic/Austenitic Stainless Steel 
Tubing for General Service 


NFPA 13 provides wall thickness requirements for steel pipe in sprinkler systems. 
The wall thicknesses are dependent on pipe size and the method of joining. Heavier 
wall pipe is required when threaded fittings or cut groove mechanical fittings are 
used. Refer to Table C2.3. 


TABLE C2.3 Sprinkler System Minimum Nominal Wall Thickness, Steel Pipe 
(ASTM A795, A53, A135) for Pressures up to 300 PSI 


Pipe diameter 


Fitting type Upto NPS 5 (DN 125) NPS 6 (DN 150) NPS 8 (DN 200) and larger 


Welded Sch. 10 0.134 in (3.4 mm) 0.188 in (4.8 mm) 
Roll grooved Sch. 40 0.134 in (3.4 mm) 0.188 in (4.8 mm) 
Threaded Sch. 40 Sch. 40 Sch. 30 


Cut grooved Sch. 40 Sch. 40 Sch. 30 
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Nearly half of all steel piping used in sprinkler systems today is threaded, with 
the other half generally roll-grooved or welded. Only a small percentage utilizes 
cut grooves or other joining techniques. Yet only about half of the threaded pipe 
conforms to the wall thicknesses shown in Table C2.3. This is because NFPA 13, 
since the late 1970s, has also permitted other types and thicknesses of pipe to be 
used for sprinkler systems when the product has been evaluated and listed for fire 
protection service and installed per manufacturer's instructions. 

The original special listed steel pipe was threadable lightwall pipe, with wall 
thicknesses approximating Schedule 10, but with tolerances tightly controlled such 
that the outside diameters were held to the low end of the allowable range. This 
permitted the maximum remaining wall thickness at the most vulnerable point in 
the piping system: the first exposed thread outside of the fitting. Even so, the 
remaining wall thickness at that point was substantially less than that of threaded 
Schedule 40 pipe. Underwriters Laboratories, the product evaluation organization 
that granted the first listing, developed a mechanism by which to evaluate the 
severity of the reduced wall thickness. The corrosion resistance ratio (CRR) was 
calculated for each type and size of pipe as the cube of the ratio of remaining wall 
thickness compared to that of Schedule 40 pipe in the same nominal diameter: 


CRR = (t/t) (C2.1) 


where t is the least wall thickness of the special listed pipe (at the first exposed 
thread root for threaded pipe) and 14 is the wall thickness at the first exposed 
thread root for Schedule 40 pipe of the same nominal pipe size. 

The CRR values for various sizes of threadable lightwall pipe vary from as little 
as 0.18 to 0.35. Because the rate of pitting corrosion through the wall is believed 
to progress at a rate comparable to the cube of the wall thickness, these CRR 
values would indicate a life expectancy of 18 to 35 percent of comparable Schedule 
40 steel pipe. The actual life expectancy needed depends on site-specific conditions 
related to the corrosivity of the water supply and other environmental factors. 

Threadable lightwall products now account for almost a third of the threadable 
pipe installed in fire protection systems. But the fastest growing segment of the 
threadable steel sprinkler pipe market is made up of listed threadable alternates 
to Schedule 40. Like the threadable lightwall, they are manufactured with tightly 
controlled tolerances. However, their nominal wall thickness is closer to that of 
Schedule 30, so as to produce a first exposed thread root that permits a CRR value 
of 1.0, equivalent to Schedule 40 pipe. 

Special listings are also being obtained for high-strength thinwall pipe for use 
in automatic sprinkler systems. Between Schedule 5 and Schedule 10 in nominal 
wall thickness, these products must be joined by roll-groove fittings or welding. 

Gaseous suppression systems are often subject to higher operating pressures 
than water-based suppression systems. Additionally, thrust forces are a major con- 
sideration in the acceptability of piping and fittings. For gaseous systems, ferrous 
piping must be black or galvanized steel pipe conforming to either ASTM A53, 
Grade A or B or ASTM A106, Grade A, B, or C. Other piping materials appropriate 
for high pressures, such as stainless steel and copper, may be used for gaseous 
systems. When these are used, pipe wall thickness must be calculated per the Power 
Piping Code, ASME B31.1. Refer to Chapter B2 in Part B of the handbook. NFPA 
Standards do not permit the use of ordinary cast-iron or nonmetallic piping for 
gaseous suppression systems. 

Copper tubing for water-based fire suppression systems must meet or exceed 
the requirements of ASTM B75 or ASTM B88. Copper tube used in sprinkler 
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systems must have a wall thickness of Type K, L, or M. Bending of copper tube 
(Types K and L) is acceptable per NFPA 13, which specifies a minimum bend 
radius of 6 pipe diameters for NPS 2 (DN 50) and smaller pipe, and 5 pipe diameters 
for NPS 2-12 (DN 65) and larger pipe. 

Several of the NFPA standards permit the use of other types of pipe and tube 
in aboveground piping systems if they are investigated and listed by recognized 
testing organizations for fire protection service. When used, the pipes must be 
installed in accordance with the limitations of the organization's listing, including 
all installation instructions. 

When other pipe materials are investigated for use by a testing laboratory, many 
factors are considered. These include: 


* Working pressure rating 

* Beam strength affecting hanger spacing requirements 

* Unsupported vertical stability 

* Movement during sprinkler operation affecting sprinkler or nozzle distribution 
* Corrosion resistance, both internal and external 

* Resistance to failure when exposed to elevated temperatures 

* Joining methods (strength, permanence, and fire resistance) 

* Integrity during earthquakes 


Special thermoplastic piping systems have been investigated and have been 
approved for use in some fire suppression system installations— specifically residen- 
tial and other light hazard automatic sprinkler and water mist systems. The thermo- 
plastic piping material that is currently listed is chlorinated polyvinyl chloride 
(CPVC). Not all CPVC pipe that is manufactured is acceptable for use in fire 
sprinkler systems. Only pipe that is specifically approved for fire protection service 
and that carries the listing mark of a nationally recognized independent testing 
laboratory such as Underwriters Laboratories, Inc. may be used. The basic standard 
used by UL to evaluate thermoplastic sprinkler pipe is UL 1821— Thermoplastic 
Sprinkler Pipe and Fittings for Fire Protection Service. Polyethylene piping is cur- 
rently being investigated for use in residential sprinkler systems. 

Special installation and design criteria exist for listed nonmetallic fire suppression 
piping systems. These criteria are contained in the listing information for the material 
and relate to: 


* Limitations on use based on hazard classification 
* Physical protection and pipe location 

* Hanger spacing 

* Piping restraint and deflection 

* Maximum ambient temperature 


Piping Joints. There are several acceptable means of joining aboveground fire 
protection piping. Steel pipe with sufficient wall thickness may be joined using 
threaded connections. See Table C2.3. Threads must be cut to the requirements of 
ASME B1.20.1, Pipe Threads, General Purpose. 

In normal applications, threaded fittings which have been listed for use in fire 
suppression systems by a recognized testing laboratory may be used with steel pipe 
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with wall thicknesses less than Schedule 40 for pipe sizes NPS 8 (DN 200) and 
smaller, and Schedule 30 for sizes NPS 8 (DN 200) or larger. 

Sections of aboveground fire protection piping may be shop-welded. However, 
field welding of fire protection piping should be avoided. When it is necessary to 
cut or weld inside a building, strict fire prevention precautions as described in 
NFPA 51B must be established at the site. 

Welding methods for joining fire protection pipe are described in the NFPA 
standard for the type of suppression system being installed. Welding methods that 
comply with AWS D10.9, Level AR-3 or Section IX of the ASME Boiler and 
Pressure Vessel Code are generally acceptable. 

Mechanical couplings have become a popular method of joining aboveground 
fire suppression system piping. Mechanical couplings are assemblies of clamps, 
gaskets, and bolts. There are mechanical couplings appropriate for use on rolled 
groove, cut groove, and plain pipe ends. Refer to Chap. A9 of this handbook. 

Couplings for rolled groove pipe may be used with pipe having a minimum wall 
thickness of Schedule 10 unless specifically evaluated and listed for use with for 
thinner wall pipe. Since cut grooved pipe reduces wall thickness similar to threads, 
fittings for cut grooved pipe are limited to Schedule 40 pipe in sizes less than NPS 
8 (DN 200). Schedule 30 may be used in pipe sizes NPS 8 (DN 200) and larger 
with cut grooved mechanical fittings. Only mechanical couplings which have been 
investigated and listed by a recognized testing laboratory specifically for fire protec- 
tion service may be used. Working pressures, temperatures, system rigidity needs, 
and external and internal loads should always be investigated when considering 
mechanical joining methods. Many styles of mechanically joined piping components 
are available including couplings, fittings, and valves. 

Listed pipe couplings and fittings can be either flexible or rigid. Flexible couplings 
and fittings are defined as those that permit axial displacement, rotation, and at 
least 1 degree of angular movement of the pipe without inducing harm on the pipe. 
For pipe sizes NPS 8 (DN 200) and larger, angular movement is permitted to be 
less than 1 degree, but not less than 0.5 degree. Rigid-type pipe couplings are those 
that do not permit sufficient flexibility to meet the noted criteria. 

Plain-end pipe fittings are popular for sprinkler system installation due to the 
lack of needed pipe-end treatment. When used, they must be listed and be used 
with pipe having a minimum wall thickness specified by the manufacturer’s installa- 
tion instructions. 

Only mechanical couplings which have been investigated and approved by a 
regular testing laboratory specifically for fire protection service may be used. Work- 
ing pressure, temperatures, system rigidity needs, and external and internal loads 
should always be investigated when considering mechanical joining methods. Many 
styles of mechanically joined piping components are available including couplings, 
fittings, and valves. 

In general, copper tubing used in fire protection systems should be joined by 
brazing in accordance with the requirements of ASME B16.22. However, soldered 
joints may permitted for wet pipe systems protecting Light and Ordinary Hazard 
Occupancies when the maximum ceiling temperature is less than 150°F (65°C) and 
the tube is concealed. Where soldering is used, the fittings shall conform to the 
requirements of ASME B16.18. 

Nonmetallic fire protection piping system components are joined using methods 
and materials that have been evaluated by the listing organization. A solvent cement 
is used for CPVC pipe. The methods and restrictions for joining nonmetallic pipe 
materials are detailed in manufacturer’s installation instructions. These instructions 
are included as part of the product’s special listing by the testing organization 
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that evaluated and listed the product. Nonmetallic materials are prohibited for 
gaseous systems. 

Due to the more extreme operating pressures and thrust forces associated with 
gaseous suppression systems, fittings capable of withstanding higher pressures are 
required. ANSI C.S.P. (carbon steel pipe) Class 150 and cast iron fittings are not 
permitted. For example, fittings for 600 psi (4 MPa) stored pressure Halon 1301 
systems are required to have a working pressure of 100 psi (690 kPa). Due to 
the cooling effect that gaseous system discharges have on the piping system, the 
relationship between material temperature and coincident pressure rating must be 
considered. For additional guidance, refer to ASME B31.1 and manufacturer infor- 
mation. 


Hangers and Supports. The adequate support of aboveground fire protection 
piping systems is important. NFPA standards provide detailed information on meth- 
ods and rules of proper support of sprinkler system piping. Other standards com- 
monly reference NFPA 13 regarding hangers and supports. 

Aboveground piping must be independently supported from the building struc- 
ture. Hangers may not be suspended from ceilings or nonstructural partitions. The 
points of connection to the structure must be capable of supporting the sprinkler 
system. 

Hanger components for aboveground piping systems are typically made of fer- 
rous materials. Nonferrous hanger components may be used only when they have 
been evaluated as acceptable through fire testing and are listed by a recognized 
testing organization. 

Hanger components that attach to the pipe or to the building structure (such 
as clamps, concrete inserts, and hanger rings) must be listed. If the hanger compo- 
nents are not listed, the hanger and installation methods must be designed to support 
five times the weight of the water-filled pipe plus 250 Ib (114 kg) at each point of 
connection, in addition to any other applied loads at the point of hanging. 

The maximum spacing between hangers is related to the piping's rigidity based 
on the piping material and the pipe size, in accordance with the requirements of 
the installation standards or the piping's listing. In general, hangers for steel pipe 
NPS 1-% (DN 40) and larger can be spaced no more than 15 ft (4.6 m) apart. For 
steel pipe smaller than NPS 1-% (DN 40), the maximum spacing is reduced to 12 
ft (3.7 m). 

Nonmetallic piping systems and some special listed steel piping systems require 
closer hanger and support spacing. The maximum support spacings are detailed in 
the product's installation instructions. For example, maximum hanger spacing for 
NPS 1 (DN 25) diameter UL-listed CPVC sprinkler piping is 6 ft (1.8 m), increasing 
to 10 ft (3.0 m) for NPS 3 (DN 80) diameter CPVC pipe. For discussion of nonmetallic 
piping, refer to Part D of the handbook. 

Many different styles and types of hangers are available for use with the various 
types of ceiling construction. Careful evaluation of hanger alternatives will result 
in a well-supported and reliable piping system. For additional details on hangers 
and supports, refer to Chap. B5. 


Piping Layout and Design. The piping layout for most aboveground fire protec- 
tion piping systems consists of risers, feed and cross mains, and branch lines. Branch 
lines are the pipe sections to which the sprinklers or nozzles are attached. The feed 
mains and cross mains are the pipes which supply the branch lines. Risers are 
essentially vertical feed mains. 
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standards in a manner that provides 


maximum efficiency and flexibility. oo 2 2 
Considerations should include the [___ 


following: 
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* Proper location and size of risers 
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e Hazard classification 


Interferences to piping layout, includ- 


ing overhead cranes, ducts, and so 

forth. 

Architectural considerations such as 

aesthetics 

There are three basic piping layout i Í 


configurations for sprinkler systems: 
tree, loop, and grid. See Fig. C2.10. The (c) 
tree configuration is the traditional pip- 
ing layout. Loop and grid layouts have 
become popular with the use of hydrau- 
lically designed systems. 

Piping layout of aboveground fire protection piping associated with automatic 
sprinkler systems involves the following principles: 


FIGURE C2.10 Typical sprinkler system pip- 
ing layouts: (a) grid; (b) tree; (c) loop. 


* Provide automatic sprinklers throughout 
* Do not exceed the maximum permitted area of protection per sprinkler 
* Position sprinklers to optimize activation and water distribution 


The most effective automatic sprinkler system provides full area coverage 
throughout the protected premises. Partial systems are sometimes used to protect 
hazardous areas in an otherwise nonsprinklered facility. The use of partial systems 
should be considered with caution, as it is difficult to predict with accuracy where 
a fire is most likely to occur. Additionally, a partial sprinkler system may not be 
capable of controlling a fully developed fire spreading from a nonsprinklered area. 

The maximum protection areas per standard sprinkler are shown in Table C2.4. 
Systems with nonstandard sprinklers may exceed these areas when designed and 
installed in accordance with the listing limitations of the extended coverage or 
specialized sprinklers. 

Sprinklers should be postioned to optimize activation and distribution. The 
spacing of branch lines and the location of sprinklers relative to walls, ceilings, 
structural members, and other obstructions are important factors. 

The layout of aboveground fire protection piping for gaseous systems differs 
significantly from that of sprinkler systems. Rather than sprinklers located at pre- 
scribed spacing throughout an area, the objective of gas system nozzle placement 
is to achieve design gas concentrations by strategic nozzle placement to assure 
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TABLE C2.4 Maximum Protection Area per Standard Sprinkler 


Hazard Ceiling Maximum protection 
classification construction area 


Standard pendent and upright sprinklers 


Light Unobstructed or noncombustible obstructed 225 ft? (20.9 m?) 
Combustible obstructed 168 ft? (15.6 m?) 
Ordinary All 130 ft? (12.1 n?) 
Extra All 100 ft? (9.3 m?) 
High-piled All 100 ft? (9.3 m?) 
Standard sidewall sprinklers 
Light Combustible finish 120 ft? (11.1 m?) 
Noncombustible or limited combustible finish 196 ft? (18.2 m?) 
Ordinary Combustible finish 80 ft? (7.4 m?) 
Noncombustible or limited combustible finish 100 ft? (9.3 m?) 


proper distribution and mixing of the gas when discharged. Also, due to working 
pressures up to 850 psi (6 MPa) and high discharge velocities, the support of the 
piping layout is critical. For additional information, refer to NFPA 12A or 12B for 
Halon suppression systems and NFPA 13 for carbon dioxide suppression systems. 


Inspection and Testing. Prior to making connections to aboveground piping risers, 
underground piping must be flushed to remove any accumulated sediment or mate- 
rial which could affect suppression system operation. 

To assure adequate cleaning, the minimum flow rate for the flushing should 
achieve a velocity of 10 ft/s (3 m/s) in the underground piping system. 

Newly installed pipe should be hydrostatically tested for leaks and to detect 
faulty pipe, fittings, or joints. No visible leakage is acceptable for interior fire 
protection piping. Aboveground fire protection piping should be tested at a mini- 
mum hydrostatic pressure of 200 psi (1.4 MPa) for two hours. If the maximum 
system pressures exceeds 150 psi (1.0 MPa), the hydrostatic test pressure should 
be 50 psi (350 kPa) greater than the maximum pressure. For example, if the maxi- 
mum system pressure was 175 psi (1.2 MPa), the hydrostatic test pressure should 
be 225 psi (1.5 MPa) minimum. 


Underground Piping 


Materials. The selection of appropriate underground pipe and fittings for fire 
service mains should consider economical installation, trouble-free service, and easy 
maintenance. The review of these factors should include the required methods 
of trenching and laying, the characteristics of the water to be handled, and the 
corrosiveness of the soil. The pipe material should be recognized by applicable codes 
and standards, and be suitable for the conditions under which it will be installed. 

The majority of pipe for underground fire service mains currently being installed 
is ductile iron. Ductile iron is a cast-iron material where the primary graphite 
content occurs as nodules or spheroids. The graphite in this form maximizes impact 
resistance and ductility. 

Ductile iron pipe that is manufactured in accordance with ANSI/AWWA 
A21.51/C151 may be used for fire protection service. The pipe class, or wall thick- 
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ness, required for a particular condition should be determined on the basis of 
expected internal pressure, laying conditions (e.g., trench load, vehicle loads), and 
soil characteristics. 

Design methods for determining the minimum required thickness of ductile 
iron pipe are provided in ANSI/AWWA 21.50/C150. These methods consider the 
conditions of trench load and internal pressure. The net thickness required to 
withstand the larger of bending stress or deflection caused by the trench load is 
added to the thickness required for the hoop stress due to internal pressure. Addi- 
tional thickness is provided to the sum of these net thicknesses for service allowance 
and casting tolerance. 

As previously indicated, steel pipe is generally not permitted for underground 
fire mains. However, due to its high strength, it is sometimes used by special 
permission for locations subject to vibrations or shock as from railroad tracks, truck 
crossings, or highways. When used, steel pipe should conform to AWWA C200, 
be standard weight for the size (Schedule 40 minimum), and be lined and coated 
for corrosion protection. 

Nonmetallic pipe is available for use in underground fire service mains. Nonme- 
tallic materials used include polyvinyl chloride, reinforced concrete, and polyethyl- 
ene and glass fiber reinforced composites. The benefits of these materials may 
include their light weight and corrosion resistance. When used for underground 
fire protection service, the pipe should be listed, comply with applicable standards, 
and be installed according to the manufacturer's installation instructions. 


Joints. Joints for underground fire protection piping vary with piping material. 
The joint must be suitable for the pipe material, working pressures, and the particular 
installation conditions. Manufacturers specifications should be followed. 

The majority of cast-iron and ductile iron joints are push-on or mechanical. Bell 
and spigot joints that use jute and molten lead are no longer used but are found 
in many existing installations. 

Push-on joints utilize a special rubber gasket. The rubber gasket is placed in the 
bell end of the pipe. When the spigot end of the pipe is pushed into the socket 
past the gasket, the joint is formed. Push-on joints do not require packing or 
caulking. For more details on push-on type joints, refer to Chap. A2 in this 
handbook. 

Mechanical joints are those which utilize a bolted follower ring or gland to hold 
the gasket in place. The ring is placed over the spigot end, and bolts are used to 
compress the gasket and the bell end of the pipe. The bolts must be tightened in 
accordance with the manufacturer's recommendations. They should also be coated 
to minimize corrosion. Refer to Chap. A2 and A7 in this handbook for additional 
information regarding this type of joint. 

Joints for steel pipe may be welded, threaded, or mechanical. Welding should 
conform to AWWA C206, Standard for Field Welding of Steel Water Pipe Joints. 
Since field welding can damage pipe coatings and linings, the weld ends are left 
bare. Coating and lining are then applied to the welded joints area after welding 
is completed. Any damage should be repaired. 

Nonmetallic pipe is joined using approved butt fusion, push-on joints, mechanical 
fittings, or solvent cement and couplings. The limits of the approval and the manufac- 
turer's recommendations should be followed. 


Installation. Many factors need to be considered when laying underground pipe, 
including preparation of the trench, placing and aligning the pipe, making the joints, 
and anchoring, leak testing, and backfilling the installation. 
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Trenches should be excavated carefully to minimize the potential for crumbling 
walls or cave-ins. In sandy or lose soils, sheeting or bracing may be necessary. The 
bottom ofthe trench should conform to the grade of the pipeline. It may be necessary 
to excavate to an extra depth and prepare a stable pipe bed with a layer of firmly 
compacted soil. Pipes should not be laid in contact with rocks or boulders. 

The trench should be wide enough to allow careful alignment of the pipe and 
convenient making up of the joint. Space should be provided below joints so that 
the joint can be properly made and so that there will be no localized bearing load 
on the joint. 

Foreign material and water should not be permitted to enter the pipe during 
installation. Unattended open pipe ends should be closed using watertight plugs or 
by other means. Additionally, flotation of pipe during installation due to excessive 
trench water should be avoided by using sufficient backfilling. 

Most types of underground pipe joints are not designed to resist significant axial 
forces that would tend to pull them 
apart. The friction between the pipe and 
the ground will help to resist this lateral 
movement. However, where such forces 
are significant such as at bends, tees, 
plugs, and at points where pipe is laid 
with a steep slope, special consideration 
is required. A typical location where lat- 
eral restraint is required is at the connec- 
tion of a fire service main to a fire protec- 
tion system riser. See Fig. C2.11. 

To restrict lateral movement, joints 
at bends, tees, and plugs should be 
anchored by clamps, rods, bolts, or concrete thrust-blocks. Mechanical fittings can 
be obtained with lugs for anchorage by tie-rods. Pipe clamps and anchor straps are 
also available. 

When determining anchorage methods, consideration must be given to the maxi- 
mum forces produced by water pressure, the direction in which the forces act, and 
allowances for favorable conditions such as pipe-to-earth friction and the resistance 
that can be provided by various anchorage methods. 

Table C2.5 quantifies forces tending to separate single joints at such locations 
as plugs, tees, the base of hydrants, and bends having only one joint that needs 


FIGURE C2.11 Typical fire protection riser 
restraint. 


TABLE C2.5 Forces (in pounds) to be Resisted by Anchorage at Pipe Joints 


Resultant of forces at bends 
Outside Separating force 
Size, diam, produced by 200 psi 90 deg 45 deg 22% deg 
in. in. at tee and plug (1.41) (0.765) (0.385) 
6 6.90 7,500 10,600 5,740 2,890 
8 9.05 12,900 18,200 9,880 4,970 
10 11.10 19,400 27,400 14,850 7,480 
12 13.20 27,300 38,200 20,850 10,520 
14 16.65 38,400 54,200 29,400 14,800 
16 17.80 49,700 70,100 38,000 19,150 
20 22.96 76,400 108,000 58,400 29,450 
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anchorage; it also provides the resultant effect of the two forces acting at the ends 
of an elbow or bend. 

As just indicated, thrust blocks may also be used to anchor horizontal pipes at 
fittings (see Fig. C2.12). For maximum effectiveness, thrust blocks should bear 
against undisturbed soil yet leaving the pipe joint accessible for inspection and 
repair. Thrust blocks should only be considered satisfactory where the bearing soil 
is suitable to provide support. 


(a) (b) 
FIGURE C2.12 Typical thrust block configurations. 


Thrust blocks should be made of concrete mixed not leaner than 1 part cement, 
2V5 parts sand, and 5 parts stone. The bearing area should ensure adequate resistance 
to the thrust force anticipated. NFPA 24 provides guidance on the required bearing 
area of concrete thrust blocks. The required bearing face area of concrete thrust 
blocks is dependent on the type of fitting being restrained (such as quarter-bend 
or tee), the system's water pressure, and the undisturbed soil resistance. 

Coatings and linings are used for underground piping installations to resist the 
corrosiveness of water and soil. Protective coal tar enamel per AWWA C203 and 
cement-mortar coatings and linings (AWWA C205) are used extensively. 

Polyethylene encasement, in accordance with AWWA C105, provides good 
protection to cast- and ductile iron pipe exposed to corrosive soil conditions. Ca- 
thodic protection systems may also be used for the external protection of iron and 
steel water mains against galvanic action. 

The backfill for underground fire protection piping should be free of cinders, 
refuse, plant material, and rocks, and have a consistency that will compact firmly. 
The top of the piping shall be buried not less than 1 ft (0.3 m) below the frost line 
for the locality but in no case less than 2.5 ft (0.75 m) below the surface to prevent 
mechanical damage. The depth of cover for underground fire protection piping to 
avoid freezing in different regions of the United States and Canada is shown in 
Fig. C2.9. Due to variations in pipe material performance under varying temperature 
conditions, manufacturer's instructions should always be followed. 


Inspections and Testing. Newly installed fire protection mains should be inspected 
for faulty pipe or fittings. The piping should be hydrostatically tested for tightness. 
Prior to hydrostatically testing newly installed underground pipe, the installation 
should be firmly backfilled to above the centerline of the pipe for cast- and ductile 
iron pipe. For nonmetallic pipe, the backfill should extend 1 to 2 ft (0.3 to 0.6 m) 
over the pipe, except at joints. All joints, regardless of pipe type, should be left 
exposed until tests are satisfactorily completed. If used, thrust-blocking should be 
adequately cured to restrict pipe movement. 

Similar to aboveground fire protection piping, all new underground piping 
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TABLE C2.6 Typical Values for Hazen-Williams 


Formula 
Type of pipe Value of C 

New or in condition of new, pipe 

Cast iron—unlined 120 
Cast iron—cement lined 130 
Cast iron—bituminous lined 140 
Nonmetallic 140 
Steel 140 


should be hydostatically tested at not less than 200 psi (1.4 MPa) for 2 hours. If 
the service pressure and rating of the pipe installed exceeds 150 psi (1.0 MPa), the 
hydrostatic test pressure should be 50 psi (350 kPa) above the service pressure 
or rating. 

An entire installation may be tested at once, or smaller sections may be tested 
using installed isolation valves. All entrapped air should be released from the test 
section using hydrants or connected aboveground fire suppression systems. 

During the hydrostatic testing, all joints should be inspected for leakage. A 
small amount of leakage is permitted for new underground fire protection piping 
installations. The quantity of leakage is determined by pumping from a calibrated 
container. The maximum amount of leakage permitted by NFPA 24 for new pipe 
is 2 quarts per hour (1.89 I/h) per 100 gaskets or joints. The pipe diameter and the 
length of pipe gaskets are not considered. When a metal seated valve is used to 
isolate a test section, the allowable leakage is increased to compensate for valve 
leakage at a rate of 1 fluid ounce per inch of valve diameter per hour (30 ml/25 
mm/h) for each metal seated valve isolating the test section. 


Pipe Sizing 


Most modern fire protection piping systems are hydraulically designed. That is, 
appropriate pipe sizes are determined by considering system demand, available 
water supply, and pipe network considerations such as friction loss, elevation 
changes, and pipe type. 


TABLE C2.7 Variation in Hazen-Williams 
Coefficient C with Age of Unlined Cast- 


Iron Pipe 
Age of pipe, years Value of C 
New 120 
10 105 
15 100 
20 95 
30 87 
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TABLE C2.8 Friction Loss in Pipes (f in Hazen-Williams Formula) Loss in pressure in 
psi per 1,000 ft of pipe C — 100* 


Inside diameter of pipe (in) (nominal)t 


Flow 
(gpm)t 4 6 8 10 12 14 16 
50 1.47 0.204 
60 2.06 0.285 
75 3.11 0.430 
100 5.29 0.735 0.181 
125 8.0 1.11 0.273 
150 12.1 1.55 0.381 
200 19.1 2.65 0.652 .0220 
250 28.8 4.00 0.985 0.332 
300 40.4 5.62 1.38 0.466 0.192 
400 68.8 9.55 2.35 0.793 0.326 0.154 
500 104.0 14.4 3.53 1.20 0.493 0.233 0.122 
750 220.0 30.5 7.52 2.54 1.04 0.493 0.257 
1,000 375.0 52.0 12.8 4.32 1.78 0.839 0.438 
1,500 — 110.0 27.1 9.14 3.76 1.78 0.928 
2,000 — — 46.2 15.6 6.41 3.30 1.58 
2,500 — — — 23.5 9.69 4.57 2.39 
3,000 — — — 33.0 13.6 6.41 3.34 
4,000 — — — — 23.1 10.9 5.69 
5,000 — — — — 34.9 16.5 8.60 


*For values of c different from 100, multiply the flow rates listed in Table C2.8 by the conversion 
factors listed in Table C2.9. 

+For approximate interpolation between the tabulated flows, calculate the actual flow as a percent of 
the next lower tabulated flow, convert this percent to the given value in Table C2.10 and take this percent 
of the friction loss corresponding to the lower tabulated flow. 

tNominal pipe diameters were used in calculating the tabulated friction losses. The inside diameter 
of pipe conforming to American National Standards Institute or American Water Works Association 
Standards will vary with the process of manufacture, material, and pressure classification and can be found 
in the Standards. Some published tables of friction losses are based upon actual internal diameters. The 
errors caused by minor differences in internal diameter are usually not significant when considered in 
relation to the uncertainties in assumed coefficients and rates of flow. If desired, adjustment for 
differences in diameter can be made by applying a factor d(nominal)'**/d(actual)'* to the values given in 
Table C2.10. 


The generally accepted formula for estimating friction loss in fire protection 
piping practice is the Hazen-Williams formula. The form of the Hazen-Williams 
formula used is: 


059948 


= C185 q487 (C22) 


Where f = friction loss, psi per ft 
Q = rate of flow, gpm 
C = Hazen-Williams pipe coefficient 
d = internal pipe diameter, in 
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TABLE C2.9 Conversion for Different 


Values of C in Williams and Hazen 


Friction-Loss Table 


Value of C Conversion factor 
140 0.537 
130 0.615 
120 0.714 
110 0.836 
100 1.000 

90 1.22 
80 1.51 
70 1.93 
60 2.57 
In metric units, the formula is: 
6.05 Q9 
a C185 q487 


Where f = friction loss, bars per m 
Q = rate of flow, L/min 


TABLE C2.10 Interpolation for Water Flows between 


Values Given in Table C2.8 


Actual flow 


as 96 of 


next lower tabulated flow 


Converted 96 
to be applied to 
friction loss at 
next lower tabulated flow 


105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
160 
180 
200 


Example: 8-in. pipe, flow 650 gpm. 
Next lower tabulated flow 500 gpm. 


Percent of lower flow = 650 + 500 = 130 percent. 


Converted percent = 162. 


Tabulated lower friction loss at 500 gpm = 3.53. 
Approximate actual friction loss = 3.53 X 130 percent = 


4.58 psi/1,000-ft. 


110 
120 
130 
140 
151 
162 
174 
186 
198 
211 
238 
296 
361 
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C = Hazen-Williams pipe coefficient 
d — internal pipe diameter, mm 


The value for coefficient C varies with pipe type and internal pipe conditions. 
The lower the capacity-carrying characteristics of the pipe, the lower the value of 
C. Table C2.6 lists C values for various pipe internal surfaces. 

Increasing age generally decreases the capacity-carrying characteristics of 
unlined steel and cast-iron pipe. The variations of C with age from mildly corrosive 
water is shown in Table C2.7. Table C2.8 gives the friction loss of nominal pipe in 
psi per 1000 ft. When using Table C2.8, note the references to Tables C2.9 
and C2.10. 

Appendix E4 in this handbook contains additional pressure drop tables for 
different sizes of pipe. 

The degradation of C accelerates with moderately or severely corrosive water. 
In these cases, the coefficient may be reduced to 60 to 75 for 15-year-old pipe. A 
coefficient of C — 100 is commonly used for average or new conditions. In sections 
of fire protection pipe in which there is normally no flow, such as sprinkler systems, 
deterioration is less rapid. For underground piping, lined nonmetallic pipe typically 
exhibits little decrease in capacity over time. 

For moderate- and high-pressure water mist systems with pressures above 175 psi 
(1.2 MPa), the Hazen-Williams equation is not considered sufficient, and hydraulic 
calculations must be performed using the Darcy-Weisbach method. This method 
should also be used for water-based systems with additives, since this method can 
accommodate fluid densities and viscosities other than those of water. 

The determination of proper pipe size for gaseous suppression systems is by 
complex floor calculations that consider the two phase (i.e., liquid and vapor) 
characteristics of the agent flowing through the pipe network. These calculation 
methods consider storage pressure, rate of pressure reduction, elevation line pres- 
sure, heat transfer of the piping network, density, and other factors. Details on 
acceptable calculation methods can be found in NFPA 12 for carbon dioxide systems 
and NFPA 12A for Halon systems. 
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INTRODUCTION 


General 


In this chapter we will first review the basics of piping system design for steam 
systems applications; we will then consider specifics for underground steam piping 
and steam piping used in power plants. 


Definitions and Terminology 


Condensate. Condensed steam. 


Trunk line distribution system. Distribution system with a large-diameter line leav- 
ing the boiler plant; as lateral branches are installed off it for service, the trunk 
line gradually diminishes in diameter. 


Main and feeder network distribution system. Distribution system that receives its 
supply of steam through a high-pressure feeder main leading from the plant through 
the network; the size of the feeder main required in this case is not as large as in 
a trunk-line system with the same boiler-plant steam pressure. 


Protective conduits (typically for underground steam lines). Enclosures for under- 
ground steam mains and services to (1) protect the pipe and insulation from damage 
due to earth pressure and impact loadings, (2) allow free longitudinal expansion and 
contraction while held in proper alignment, and (3) prevent groundwater seepage or 
flooding by providing either drains or a completely waterproof structure. 


Light water reactors (LWR). Nuclear power reactors of either the pressurized 
water reactor (PWR) or boiling water reactor (BWR) type. 
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ASME Class I! piping. Includes main steam piping up to and including the first 
stop valve outside the reactor containment for BWRs and it is designated as ASME 
Class 1. 


ASME Class 2! piping. Includes main steam piping up to and including the first 
stop valve outside the reactor containment for pressurized water reactors (PWRs) 
and BWR main steam piping after the first isolation valve outside the reactor 
containment and it is designated as ASME Class 2. 


ASME B31.I? piping. Includes main steam piping downstream of the first stop 
valve outside the reactor containment in PWRs and piping external to boilers in fossil 
power plants, and it is constructed to the ASME B31.1 Code for Pressure Piping. 


ASME B31.5 piping. Includes steam process piping in industrial plants and it is 
designed to the ASME B31.3 Code for Process Piping. 


BEP. Boiler external piping. 

DNBR. Departure from nucleate boiling ratio. 

FFWT. Final feedwater temperature. 

HARP. Heater above the reheat point. 

IP. Intermediate pressure (turbine). 

IV. (Governor-operated) intercept valve. 

kPa. Pressure in kilo pascals. 

LP. Low pressure (turbine). 

MPa. Pressure in mega pascals. 

NSSS. Nuclear steam supply system. 

Pa. Pressure drop or pressure in pascals. 

psi. pressure drop in pounds (force) per square inch, Ib;/in?. 
psia. pressure in pounds (force) per square inch, absolute. 
psig. pressure in pounds (force) per square inch, gauge. 
PWHT. Postweld heat treatment. 

VWO. Valves wide open (steam turbine). 


Nomenclature 


A. Anadditional thickness to provide for material removed in threading, corrosion 
or erosion allowance, and material required for structural strength of the pipe, as 
appropriate, in (mm). See Table C3.1 for selected values of A. 

d. Inside diameter of pipe, in (mm). In using Eq. (C3.4), the value of d is for the 
maximum possible inside diameter allowable under the purchase specifications. 
D, Outside diameter of pipe, in (mm). For design calculations, the outside diame- 
ter of pipe as given in ASME B36.10M and ASME B36.19M^ and specifications 
shall be used in obtaining the value of t,. 

L. Length of pipe, ft (m). 

P. Internal design pressure, psi (Pa). 

P, Calculated maximum allowable internal pressure, psi (Pa), for straight pipe 
which shall be at least equal the design pressure. P, may be used for piping products 
with pressure ratings equal to that of straight pipe. For pipe products where the 
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TABLE C3.1 Selected Values of A? 


Type of pipe A, in (mm) 
Cast-iron pipe centrifugally cast or cast horizontally in 0.14 (3.56) 
green sand molds 
Cast-iron pipe, pit cast 0.18 (4.57) 


Threaded steel, wrought-iron or nonferrous ?4 in (19 mm) 0.065 (1.65) 
nominal and smaller 


Threaded steel, wrought-iron or nonferrous 1 in (25 mm) Depth of thread 
nominal and larger 
Grooved steel, wrought-iron, or nonferrous Depth of groove plus 1/64 in. 
(0.40 mm) 
Plain-end steel or wrought-iron pipe or tube for sizes 0.05 (1.27) 
1 in (25 mm) and smaller 
Plain-end steel or wrought-iron pipe or tube for sizes 0.065 (1.65) 
over 1 in (25 mm) 
Plain-end nonferrous pipe or tube 0.00 


pressure rating may be less than that of the pipe (e.g., flanged joints and reinforced 
branch connections where part of the required reinforcement is in the run pipe), 
the design pressure shall be used instead of P,. 


AP. Pressure drop, psi (Pa). 
S. Maximum allowable stress for the material at the design temperature, psi (Pa). 


t. Specified or actual wall thickness minus, as appropriate, material removed in 
threading, corrosion or erosion allowance, material manufacturing tolerances, bend- 
ing allowance (see Table C3.2), and material to be removed by counterboring, 
in (mm). 


t, Minimumrequired wall thickness, in (mm). If pipe is ordered by its nominal wall 
thickness, the manufacturing tolerance on wall thickness must be taken into account. 


W. Steam flow, lbm/min (kg/hr). 
Y. Density of steam, Ib,,/cu ft (kg/m?) [used in Eqs. (C3.2) and (C3.2M)]. 
y. A coefficient having values as given in Table C3.3. For pipe with a D,/t, ratio 


TABLE C3.2 Minimum Thickness Prior to Bending* * 


Induction and Rotary Ram and 
Radius Furnace incremental draw roll 
of bend bending bending bending bending 
6 Dn 1.06t,, 1.06t,, 1.09t,, 1.08t,, 
5Dn 1.08t,, 1.08t,, 1.14¢,, 1.108, 
4Dn 1.14¢,, 1.104, 120t, 1.13t,, 
3Dn 125t, 1.14t,, 126t, 1.17t,, 
2Dn 122t, 
1.5 Dn 1.30t,, 


* t, is determined by Eq. (C3.3) or (C3.4). 
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TABLE C3.3 Values of Coefficient y'? 


Temperature 900 (482) 950 1000 1050 1100 1150 (621) 

°F (°C) and below (510) (538) (566) (593) and above 
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7 
Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7 


Note: The value of y may be interpolated between the 50°F (28°C) values shown in the table. For 
nonferrous materials and cast-iron, y equals 0.4. 


less than 6, the value of y for ferritic and austenitic steels designed for temperatures 
of 900°F (482°C) shall be as calculated from Eq. (C3.1), as follows: 


d 


ECL (eel) 


y 


Types of Systems 


Steam Distribution Systems. While there are no fixed standards for the design of 
steam distribution piping systems, most of the systems fall into one of two general 
classes: (1) a trunk-line distribution network system and (2) a main and feeder 
distribution network system. 

In Case 1, the diameter of the trunk line leaving the boiler plant is large, and 
as lateral branches are installed off it for service, the diameter of the trunk line is 
gradually reduced as the needs for carrying capacity are diminished. 

In Case 2, the main and feeder network distribution system receives its supply 
of steam through a high-pressure feeder main leading from the plant through the 
network. Advantage is taken of the pressure drop available for the transportation 
of large volumes of steam to the low-pressure network. 

Figures C3.1 and C32 show typical steam distribution systems. 

Since piping is the largest individual factor in the selection and design of a steam 
distribution system, the major items that must be resolved are as follows: (1) 
pipe size, (2) wall thickness, (3) materials selection, (4) types of joints, (5) proper 
insulation, (6) a protective conduit for the pipe and insulation from water and 
mechanical damage, (7) drainage of condensate, (8) provision for thermal expansion 
with controlling anchorage, and (9) safety provisions. 


Underground Steam Piping. Underground piping for steam distribution has been 
a highly specialized field of engineering peculiar to the district-heating industry; 
today underground steam piping is also used to carry process steam. With the 
advent of groups of buildings such as in housing developments, institutions, and 
industrial plants, central heating systems and steam distribution problems are no 
longer restricted to the district-heating industry. Steam piping systems may be 
buried and not readily available for enlargement, replacement, and repair. Such 
piping must be protected from ground elements and excessive heat losses; thus it 
is important that before such a system is installed every phase of its design and 
operation be understood. Figures C3.1 and C3.2 show typical steam distribution 
systems which would be fed by underground steam lines. 

See “Protective Conduits for Underground Lines" for more information about 
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FIGURE C3.1 Typical steam distribution system for a housing development. 


protective enclosures and “Drainage of Condensate” for condensate drainage con- 
siderations for underground piping. 


Fossil-Fueled Power Plants. The main steam system conducts superheated steam 
from the steam generator (economizer plus evaporator and superheater) to the 
turbines as shown in Fig. B1.1 in Part B of this handbook. Figure C3.3 shows a 
simplified schematic of a main steam system. The main steam system may also 
provide steam for various auxiliary services. 

The piping layout, for a steam power plant, in addition to paying due respect 
to economic factors, should consider (1) the layout's mechanical design or ability 
to function properly and efficiently with respect to the mechanical equipment which 
it serves, (2) the layout's convenience from an operating standpoint, and (3) the 
layout's appearance as a coordinated part of the plant. Although the relative impor- 
tance of these basic points obviously falls in the order named, each has an important 
bearing on the acceptability of any arrangement, as will be discussed in the follow- 
ing sections. 

B31.1!states that when boilers are connected to a common header, the connection 
from each boiler having a manhole opening shall be fitted with two stop valves 
having an ample free-blow drain between them. The discharge of this drain shall 
be visible to the operator while manipulating the valve. The stop valves shall consist 
preferably of one automatic nonreturn valve (see next to the boiler) and a second 
valve of the outside-screw-and-yoke type, or two valves of the outside-screw-and- 
yoke type shall be used. When a second stop valve or valves is required, it shall 
have a pressure rating at least equal to that required for the expected steam tempera- 
ture and pressure at the valve, or the pressure rating at least equal to 85 percent 
of the lowest set pressure of any safety valve on the boiler drum and for the expected 
temperature of the steam at the valve, whichever is greater. All valves and fittings 
on steam lines shall have a pressure rating of at least 100 psig [700 kPa (gauge)] 
in accordance with the applicable American National Standard. 
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FIGURE C3.2 Typical high-pressure steam-distribution system in a tower office building. 
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FIGURE C3.3 Main steam system. 


Availability of steam generators has increased to the extent that single units are 
used almost universally to supply the steam to turbines of sizes up to approximately 
1000 MW. In fossil-fueled power plants exhaust steam from the high-pressure 
turbine is piped back to the steam generator, where it is reheated in a special section 
before being returned to the inlet of the intermediate pressure or reheat turbine. 

The cold reheat system (CRS) and the hot reheat steam (HRS) system shown 
in Fig. C3.4 are treated here in one section because they are parts of the same 
overall system used for reheating steam. The CRS conducts steam from the outlet 
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of the high-pressure turbine to the reheater inlet and provides steam for the auxiliary 
steam and extraction steam systems. The CRS is the normal auxiliary steam source, 
but at low loads auxiliary steam is usually augmented from the main steam system 
via a pressure-reducing station. 

The exhaust steam from the high-pressure turbine is transported in single or 
multiple leads into the reheater inlet. Each reheater may have a desuperheater for 
reheater outlet temperature control, and safety valves at the reheater inlet. A cross- 
connection (cross-tie) may be used between the two cold reheat leads to provide 
steam to the associated feedwater heater and the auxiliary steam system without 
creating a pressure imbalance at the reheater inlet. This system has provisions for 
isolation of the reheater for hydrostatic testing. 

The extraction steam system conducts steam from the high-pressure turbine, 
cold reheat line, intermediate-pressure turbine, and the low-pressure turbines to 
the feedwater heaters. This extraction steam is required for feedwater heating. 
Feedwater heating increases cycle efficiency; in addition, the extraction steam system 
may provide steam for the feedwater pump turbine. In nuclear units, the system 
also removes moisture from the turbine to provide protection for the lower-pressure 
turbine blades and to increase turbine efficiency. 

The hot reheat system conducts superheated steam from the reheater outlet 
header to the intermediate-pressure turbine or to the inlet of the low-pressure 
turbine. One or more hot reheat leads may be furnished. Each lead has a safety 
valve for reheater protection. A cross-connection between the two hot reheat leads 
is often furnished to ensure equal pressure at each reheat stop and intercept valve 
before entering the turbine. 


Nuclear-Fueled Power Plants. Only the stationary light water reactor, either of 
the PWR or BWR type, is discussed in this chapter as being typical of nuclear 
practice. In the typical boiling water reactor the reactor is the steam generator. 
Water is circulated through the reactor core, producing steam which is separated 
from recirculation water, dried in the top of the reactor vessel, and directed to the 
steam turbine. 

The pressurized water reactor uses two closed systems—a primary system includ- 
ing the reactor and its cooling system, and a secondary system including a turbine- 
generator, a condensate system, and a feedwater system. The two systems communi- 
cate with each other at the steam-generator tube interface, where pressurized water 
of the primary system transfers fission-reaction heat to the steam-generator feedwa- 
ter in the secondary system, producing steam to drive the turbine generators. PVR 
power plants typically utilize two, three, or four primary loops, each containing a 
steam generator which transfers the energy from primary coolant to the feedwater 
on the secondary side. 

The nuclear steam supply system (NSSS) customarily consists of those compo- 
nents in contact with the reactor coolant, and specialized auxiliary machinery. 

The main steam system in LWRs transports steam from the outlet of the reactor/ 
steam generators to the turbine stop valves. The main steam system also provides 
steam for various auxiliary services. Additionally, it provides a means of controlled 
heat release from the NSSS during periods of station electrical load rejection. 

In PWRs, each steam generator supplies steam to a line which connects to a 
common main steam manifold. Valves in each line permit isolation of individual 
steam generators. Safety valves on each line provide pressure-relief protection for 
the steam generators. The main steam manifold supplies steam to the high-pressure 
turbine throttle valves, the moisture separator reheaters, and auxiliary steam loads. 

The main steam system includes a turbine bypass system that provides a direct 
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FIGURE C3.5 Typical NSSS performance curves. 


steam path to the condenser and to the atmosphere in order to prevent unnecessary 
reactor trips during load rejections up to 100 percent of full electrical load. 

The turbine bypass system also permits testing NSSS at power levels up to 55 
percent without having the turbine loaded. It is also used to maintain reactor coolant 
temperature during hot standby and shutdown operation and is used to conduct 
controlled cooldown of the plant to the point where the residual heat removal 
system can be placed in operation. 

For the PWR and BWR, the main steam system design pressure is typically 
about 1200 psia (8280 kPa) (see Fig. C3.5) and 600°F (316°C). Actual design condi- 
tions depend upon the specific reactor design. Main steam line sizing is determined 
by performing an economic analysis of pressure drop, pipe cost, and so on, with a 
maximum velocity of 15,000 fpm (250 fps) (4570 m/min, 76 m/s); see “Preventing 
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Turbine Overspeed" for more flow velocity data. Preliminary pipe sizing is based 
on a 3 percent pressure drop from the steam generator outlet to the turbine stop 
valves. Wall thickness is calculated using the equations presented in “Design 
Pressure." 

For PWR and BWR main steam lines, turbine water induction problems are of 
a great concern as the main steam is saturated or contains some moisture. Prevention 
criteria are to be as specified in ASME Standard No. TDP-2,’ “Recommended 
Practices for the Prevention of Water Damage to Steam Turbines Used for Electric 
Power Generation," Nuclear Fueled Plants. 

Each type of nuclear plant has isolation valves outside of the reactor containment. 
BWR plants also have isolation valves in main steam lines inboard of the reactor 
containment. Since the BWR main steam is radioactive, it must be shielded, and 
special considerations must be made in its design to minimize crud traps (small 
deposits of radioactive contaminants in flow passages). When welding pipes to- 
gether, the use of backing rings is avoided. 

In LWR nuclear plants, reheating is achieved in a combined moisture separator 
and reheater unit. High-pressure turbine exhaust steam passes through the moisture 
separator portion of the unit, where most of the moisture is removed mechanically. 
The steam is then reheated in one or two stages by passing over the bundles of 
tubes containing high-temperature heating steam. For single-stage reheat and for 
the second stage of two-stage reheat, the heating steam is supplied from the main 
steam system at a point ahead of the turbine stop valves. Pipelines carrying live 
steam to reheaters belong to the main steam system. For two-stage reheat, the first- 


FIGURE C3.6 Steam header in industrial plant. (Courtesy 
of Valve World.) 
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stage heating steam supply is from an intermediate stage of the high-pressure 
turbine. More advanced liquid metal cooled fast breeder reactor (LMFBR) nuclear 
power plants may employ the liquid metal for steam reheating. 


Industrial (Process) Power Plants. In industrial power plants, power generation 
may be considered as a by-product, depending upon the process steam requirements. 
Process steam is the main product of the cogenerating plant. Industrial turbines, 
with controlled exhaust and extraction pressures, are very efficient throttling devices 
(replacing valves), supplying steam at desired pressures to a process plant (e.g., oil 
refinery) while generating electricity. Variations in process heat and power demands 
usually do not coincide. In a case where electrical power generation requirements 
are specified, separate condensing steam turbines or gas turbines must be installed 
in the power plant to make up the difference between electric power demand and 
the process-heat dependent power generated by industrial steam turbines. 

A typical steam header in a modern industrial plant is shown in Fig. C3.6, which 
is a photograph of an installation in the Wabash, Indiana, plant of the General Tire 
Company. As may be noted, the boiler leads and connections supplying steam to 
process, heating, pumps, and so on, are brought down to this header, which is 
located near the floor so that all valves are readily accessible. 


REFERENCE DOCUMENTS 


Various codes and standards and other reference documents used for the design 
of steam systems piping are listed under “References” at the end of this chapter. The 
reader may find other documents suitable for use in the area of steam systems piping. 

Extensive safety requirements for power-piping systems are contained in the 
ASME Boiler and Pressure Vessel Code, Section I, Power Boilers, and ASME 
Section III, Nuclear Power Plant Components, and the ASME B31.1 Power Piping 
Code. In designing the component parts of piping systems within the jurisdiction 
of these codes, reference should be made to specific provisions as representing 
standards for minimum safety requirements, but this is not intended to indicate 
necessarily the best practice known to the art. Requirements of the Code for 
Pressure Piping are not compulsory in any state until they have been adopted as 
law by that state. They are in common use, however, and frequently are referred 
to in contract specifications and similar documents. Sometimes, even though the 
state has not adopted the codes, the insurance carriers make it a requirement to 
comply with certain codes. 

The selection of suitable dimensional standards for flanges, fittings, valves, pipe, 
and bolting for ordinary service conditions can be made from the appropriate 
publications of the American National Standards Institute (ANSI), American Stan- 
dards for Testing and Materials (ASTM), and American Society of Mechanical 
Engineers (ASME) which are referenced in the governing codes, such as B31.1, 
ASME I, ASME III, and ASME B31.3. Appendix E10 provides a partial list of 
international codes and standards. 


DESIGN CONSIDERATIONS 


Design Conditions 


Design conditions or loadings include design pressure, design temperature, and 
design mechanical loads. 


C.94 PIPING SYSTEMS 


The ASME Code, Section HI, NCA-2142.1! defines design pressure as follows: 
“The specified internal and external Design Pressure shall not be less than the 
maximum difference in pressure between the inside and outside of the item, or 
between any two chambers of a combination unit, which exists under the most 
severe loadings for which the Level A Service Limits are applicable. The Design 
Pressure shall include allowances for pressure surges, control system error, and 
system configuration effects such as static pressure heads." Level A service limits 
encompass those normal loadings which a component may be subjected in the 
performance of its specified service function. 

The B31.1 code, paragraph 101.2? defines internal design pressure as follows: 
“The internal design pressure shall not be less than the maximum sustained op- 
erating pressure (MSOP) within the piping system including the effects of static 
head." External design pressure is defined as follows: “Piping subject to external 
pressure shall be designed for the maximum differential pressure anticipated during 
operating, shutdown, or test conditions." 

The ASME Code, Section III, NCA-2142.1! defines design temperature as follows: 
“The specified Design Temperature shall not be less than the expected maximum 
mean metal temperature through the thickness of the part considered for which 
Level A Service Limits are specified. Where a component is heated by trace heating, 
such as induction coils, jacketing, or by internal heat generation, the effect of such 
heat input shall be considered in establishing the Design Temperature. The 
Design Temperature shall consider control system error and system configura- 
tion effects." 

The B31.1 code, paragraph 101.3? defines design temperature as follows: “The 
piping shall be designed for a metal temperature representing the maximum sus- 
tained condition expected. .. . For steam, feedwater, and hot water piping leading 
from fired equipment (such as boiler, reheater, superheater, economizer, etc.), the 
design temperature shall be based on the expected continuous operating con- 
dition plus the equipment manufacturer's guaranteed maximum temperature tol- 
erance." 

The ASME Code, Section III, NCA-2142.1! defines design mechanical loads as 
follows: “The specified Design Mechanical Loads shall be selected so that when 
combined with the effects of Design Pressure, they produce the highest primary 
stresses of any coincident combination of loadings for which Level A Service Limits 
are designated in the Design Specification." 

The B31.1 code, paragraph 101.5? identifies design mechanical loads generally 
as dynamic effects as follows: Impact forces caused by all external and internal 
conditions shall be considered in the piping design. Water or steam hammer is a 
form of impact load which is caused by rapid opening or closing of a valve in 
the system. Exposed piping shall be designed to withstand wind loadings, using 
meteorological data to determine wind forces. The effect of earthquakes, where 
applicable, shall be considered in the design of piping, pipe supports and restraints, 
using data for the site as a guide in assessing the forces involved. Piping shall be 
arranged and supported with consideration of vibration. Suitable vibration dampers, 
sway braces, restraints, and anchors shall be used to control the movement of piping 
due to vibration. 


Design Pressure. The factors which determine the size of a steam pipe for a specific 
installation are as follows: (1) the initial steam pressure, and other conditions 
(temperature), (2) the minimum permissible discharge pressure, (3) the allowable 
velocity, (4) the quantity of steam, and (5) the length of line, including equivalent 
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lengths for fittings. By knowing or assuming any one or all of these factors, the 
pipe size may be calculated by means of one of the pressure-drop formulas of Chap. 
B8 in this handbook. 

The Unwin formula*?? has been widely used in the district-heating industry for 
many years. At elevated velocities, Unwin's formula gives pressure drops known 
to be higher than actual. This formula, in English units, is as follows: 


|. 0.0001306W? L(1-- 3.6/d) 


AP 
Yd? 


(C3.2) 


where P — pressure drop (psi) 
W = steam flow rate (Ib/min) 
L = length of pipe (ft) 
d — pipe inside diameter (in) 
Y = steam density (Ib/ft)) 


Example C3.1. Find the pressure drop in an NPS 8 straight pipe 100 ft long with 
a flow of 40,000 Ib/hr of saturated steam and an initial pressure of 150 psia [steam 
density (Y) = 0.3318 Ib/ft?]. 

Solution. P — 0.774 psi 

The Unwin formula in SI units is as follows: 


|. 0.6753 x 10°W?L(1 + 91.4/d) 


AP 
Yd? 


(C3.2M) 


where P — pressure drop (Pa) 
W = steam flow rate (kg/hr) 
L = length of pipe (m) 
d — pipe inside diameter (mm) 
Y — steam density (kg/m?) 


Example C3.1M. Find the pressure drop in a 203.2 mm diameter straight pipe 
30.48 m long with a flow of 18,144 kg/hr of saturated steam and an initial pressure 
of 1034 kPa [steam density (Y) = 5.313 kg/m’). 

Solution. P — 5337 Pa 

Note that both of these examples represent the same physical pipe and flow 
conditions, and both result in the same pressure drop. 

Pressure drops through fittings such as elbows, tees, and valves vary in proportion 
to the pressure drop through straight pipe. Because of this fact, it is possible to 
express the resistance of fittings as equivalent lengths of straight pipe and to compute 
the pressure drop for the whole line as if it consisted only of straight pipe as 
discussed in Chap. B8. 

Where grid or network systems are involved, the computation of pipe size, 
pressure drops, and quantities of steam flowing presents a more complex problem. 
See Chap. B8 for a discussion of calculating these properties. 

Minimum pipe-wall thickness for either heavy-wall or thin-wall pipe may be 
calculated from the following formulas from NC-3641 of Section III of the ASME 
Code! or equivalent, ASME B31.1 or B31.3 Code.’ See Chap. B2 in this handbook 
for more information on wall thickness. The y factors adjusts for elastic or plastic 
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properties of the respective materials over the expected range of operating tempera- 
tures: 


PD, 


tn = LAM 
2(S + Py) 


+A (C3.3) 


_ Pd t 28A t 2yPA 
"o0 2(S4 Py — P) 


(C3.4) 


Equation (C3.3) is used when outside pipe diameter D, is considered for calculating 
required minimum wall thickness, ¢,,, whereas Eq. C3.4 is utilized with inside pipe 
diameter, d. 

The allowable working pressure of pipe may be determined from the follow- 
ing equation: 


2St 


P, = ———— 
D, — 2yt 


(C3.5) 


Large fossil power plants generally use a 2400 psig (16.6 MPa) drum-type steam 
generator or 3500 psig (24.2 MPa) once-through, supercritical steam generator. 
Small- and medium-sized power plants of less than 200 MW use lower standard 
pressures. For the large fossil power plants, the main steam design pressure is 
typically 2650 or 3860 psig (18.4 MPa or 26.7 MPa) (lowest superheater safety 
valve setting), and design temperature is 1015 or 1050?F (546 or 566°C) (maximum 
expected superheater outlet temperature). The steam at these conditions is super- 
heated, so there is no moisture, but the lines must still have moisture-removal capa- 
bilities. 

Boiler External Piping (BEP). ASME B31.1? Paragraph 122.1.1 presents the 
minimum pressure and temperature and other special requirements for boiler exter- 
nal piping including the following: 


It is intended that the design pressure and temperature be selected sufficiently 
in excess of any expected operating conditions, not necessarily continuous, to 
permit satisfactory operation without operation of the overpressure protection 
devices. Also, since the operating temperatures of fired equipment can vary, the 
expected temperature at the connection to the fired equipment shall include the 
manufacturer's maximum temperature tolerance. 


For steam piping the value of design pressure, P, to be used in Eqs. (C3.3), 
(C3.4), and (C3.5) according to ASME B31.1 Paragraph 122.1.2 shall be as follows: 


(A.1) For steam piping connected to the steam drum or to the superheater inlet 
header up to the first stop valve in each connection, the value of P shall be not 
less than the lowest pressure at which any drum safety valve is set to blow, and 
the S value shall not exceed that permitted for the corresponding saturated 
steam temperature. 


(A.2) For steam piping connected to the superheater outlet header up to the 
first stop valve in each connection, the design pressure, except as otherwise 
provided in (A.4) below shall be not less than the lowest pressure at which any 
safety valve on the superheater is set to blow, or not less than 85 percent of the 
lowest pressure at which any drum safety valve is set to blow, whichever is 
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greater, and the S value for the material used shall not exceed that permitted 
for the expected steam temperature. 


(A.3) For steam piping between the first stop valve and the second valve, when 
one is required by Para. 122.1.7, the design pressure shall be not less than the 
expected maximum sustained operating pressure or 85 percent of the lowest 
pressure at which any drum safety valve is set to blow, whichever is greater, 
and the S value for the material used shall not exceed that permitted for the 
expected steam temperature. 


(A.4) For boilers installed on the unit system (i.e., one boiler and one turbine or 
other prime mover) and provided with automatic combustion control equipment 
responsive to steam header pressure, the design pressure for the steam piping 
shall be not less than the design pressure at the throttle inlet plus 5 percent, or 
not less than 85 percent of the lowest pressure at which any drum safety valve 
is set to blow, or not less than the expected maximum sustained operating 
pressure at any point in the piping system, whichever is greater, and the S value 
for the material used shall not exceed that permitted for the expected steam 
temperature at the superheater outlet. For forced-flow steam generators with 
no fixed steam and waterline, the design pressure shall also be no less than the 
expected maximum sustained operating pressure. 


(A.5) The design pressure shall not be taken as less than 100 psig [700 kPa 
(gauge)] for any condition of service or material. 


For example, for a fossil power plant with the lowest pressure at which any 
drum safety valve is set to blow at 2400 psig (16.6 MPa), the design pressure 
shall not be less than maximum sustained operating pressure for all steam piping 
connected to the steam drum or to the superheater outlet header up to the first 
stop valve, or 2040 psig (85 percent of 2400) (14.2 MPa, 85 percent of 16.6 MPa), 
whichever is greater, for piping as noted in A2, A.3, or A 4. 

Initial steam conditions at the steam generator outlet depend upon the plant 
under consideration. For process plants, steam parameters are dictated by the 
process requirements. In nuclear power plants, steam parameters depend upon the 
characteristics of the nuclear reactor which is the source of heat for generating 
steam. The maximum permissible heat-flux for fuel, reactor vessel pressure, and 
the DNBR are limiting factors influencing turbine initial steam conditions of nearly 
saturated steam at about 1100 psia (7.6 MPa) (see Fig. C3.5) in a NSSS with a 
PWR. In BWR the steam moisture problem assumes a major role in optimizing 
steam pressure at about 1000 psia (6.9 MPa). 

The most freedom in selecting initial steam conditions is found in fossil-fueled 
power plants, which may be designed as subcritical or supercritical units. The 
question then arises: What are the most economical initial steam conditions for the 
present technological state of the art? Generally, from a thermodynamic point of 
view, an increase in initial steam temperature or pressure increases the power plant 
cycle efficiency (see Fig. C3.7). 

Cold Reheat Systems. The cold reheat and hot reheat steam systems for fossil 
power plants, are designed to ASME B31.1. For PWR- and BWR-equipped plants 
the reheat lines are part of the turbine manufacturer’s area of responsibility and 
are designed to turbine manufacturer’s criteria which must equal or exceed the 
rules and requirements of ASME B31.1. Design temperatures and pressures are 
the maximum ones expected in the system (consult appropriate heat balance dia- 
grams and system descriptions). 
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FIGURE C3.7 Effect of steam conditions on heat rate. 


Extraction Steam Systems. The extraction steam system is designed to ASME 
B31.1. The extraction line design pressure and temperature depend upon the specific 
extraction point from the turbine as shown on the full-load heat balance diagram 
at valve wide open (VWO) and 5 percent overpressure. Extraction steam is typically 
superheated steam except for the lowest extraction points, which are in the wet 
steam region. 

Extraction line sizing is determined by performing an economic analysis of 
pressure drop, pipe costs, and so on, with a maximum velocity limit of 15,000 
fpm (250 fps) (4570 m/min, 76 m/s) for superheated steam. See “Determining 
Reasonable Flow Velocity” for more flow velocity data. Since extraction steam 
piping affects heat rate and output of a plant, this piping is sized so that pressure 
drop does not exceed about 5 percent of turbine stage pressure for the low-pressure 
lines and 3 percent for the higher-pressure lines. However, these pressure drops 
should be as low as practical, especially those related to the higher-pressure heaters. 
Also, keep them low to avoid erosion/corrosion problems. 


Design Temperature. Historical development of throttle parameters reveals that 
in the field of throttle temperatures certain stabilization was reached, while the 
throttle pressures are continuously rising and the condenser back-pressure is steady 
at approximately 1 psia (7 kPa). The effect of steam-turbine throttle conditions on 
overall power plant efficiency is shown in Fig. C3.8. The results shown in Fig. C3.8 
indicate that the efficiency increases by 1.5 to 2.5 points as pressure increases from 
2400 to 5000 psia (16.6 to 34.5 MPa) at constant throttle and reheat temperature 
of 1000 to 1400°F (538 to 760°C). It is also seen that the 3500 psia (24.1 MPa) plant 
efficiency increases by nearly four points as the throttle temperature is increased 
from 1000 to 1400°F (538 to 760°C). 

Some utilities have installed units using supercritical steam pressure; that is, 
pressures higher than 3206 psia (22.1 MPa), at which point the specific volumes of 
steam and water are equal. Thus, the main steam pressure for larger units lies 
between, say, 1450 psia (10.0 MPa) and the supercritical region. Main steam tempera- 
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FIGURE C3.8 Effect of steam turbine throttle pressure and tempera- 
ture on overall efficiency of a power plant. 


ture may then range up to and beyond 1050°F (566°C), necessitating the upgrading 
of main steam line material as the temperature increases, as noted in the following 
recommendations: 


Up to 775°F (413*C)— Carbon steel. 
Up to 950°F (510°C)—Use 1% Cr. 
From more than 950 to 1050°F (510 to 566°C)—Use 2% Cr. 


From 1000 to 1200°F (540 to 650*C)— Consider using 9-12 Cr such as P91 as 
discussed in “Design Features, Pipe Size and Materials" later in this section. 


From 1050 to 1200°F (566 to 650*C)— Consider using austenitic stainless steel. 
Beyond 1200°F (650°C)—Use austenitic stainless steel. 


Weight Effects. See Chap. B2 of this handbook for consideration of weight effects. 


Thermal Expansion and Contraction Loads. Thermal expansion of pipelines can 
be compensated for by use of pipe bends, offsets, or expansion loops, or changes 
in direction of the pipeline itself. Where pipe bends or offsets can be used or where 
the pipeline direction is changed to provide for expansion, the provisions of the 
appropriate codes must be followed as required to ensure that all expansion stresses 
are within the applicable code limits. 


Dynamic Effects. Consider transient effects for turbine trip and safety and relief 
valve discharge early in the design schedule so that pipe supports and structural 
steel are adequate to withstand dynamic loads. Typical turbine trip loads on pipe 
segments in a main steam system (Fig. C3.3) range up to 17,500 Ib (78,000 N) after 
the main steam stop valve closes in approximately 100 milliseconds.'' Corresponding 
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FIGURE C3.9 Steam-propelled water slug: (a) slug forms in closed drain line; (b) rapidly moving 
slug loads pipe due to impact on elbows or restrictions. 


reheat steam system (Fig. C3.4) pipe segment loads range up to 13,200 Ib (58,700 
N) after the reheat intercept valve simultaneously closes in approximately 150 milli- 
seconds. 

Another significant dynamic event to be considered in steam piping is steam- 
propelled water slug," as shown schematically in Fig. C3.9. When a drain valve 
opens, an upstream slug of condensate could be propelled through the drain piping, 
causing large loads at each bend until the slug dissipates or exits the piping. Conden- 
sate in nearly horizontal steam lines may be swept into slugs, which could also 
result in large steam-propelled water slug forces, particularly when initiating steam 
flow into cold piping. The recommended method to prevent steam-propelled dy- 
namic events is to eliminate condensate in steam lines by proper line sloping and 
drainage, and by carefully warming up cold steam lines. 

Also, nozzle design loads for safety and relief valve discharges should be consid- 
ered. See Chap. B8 in this handbook for more information about transient flow 
analysis. 


Design Features 


Pipe Size and Materials. Specific materials for components used in steam piping 
systems must satisfy the requirements of the applicable codes. Any standards or 
specifications quoted in this chapter are minimum requirements. Construction at 
least equal to that required by the applicable codes is mandatory. The following 
discussion for piping and fittings is generally acceptable for American National 
Standards Institute (ANSI) and may be used as a guide. However, other codes and 
standards, including Deutche Industrie Norm (DIN), Japanese Industrial Standard 
(JIS), and many others such as British, Canadian, Norwegian, and Swedish codes, 
must be considered for worldwide steam piping applications. See Apps. E2 and E3 
for pipe and tube properties, and see App. E6 for “International Piping Material 
Specifications." Appendix E5 lists ASTM/ASME material specifications acceptable 
for use for the ASME B31, Pressure Piping Code, and the ASME Boiler and 
Pressure Vessel Code, Sections I and III. Refer to App. E10 for international codes 
and standards. 

Steel pipe, either seamless or welded, is generally used in steam systems, although 
the piping codes permit a variety of materials and several types of welded pipe. 
For welding and bending, a carbon seamless steel pipe is recommended. Seamless 
or electric-resistance welded steel pipe A53, Grade B and seamless steel pipe A106, 
Grade B are popular selections. 

Adjusted ratings at temperatures above and below 750°F (399°C) for carbon 
and alloy steels and other alloys are given in the standards to govern their use 
under pressure or temperature other than the primary service ratings. 

Selection of materials for temperatures above 750°F (399°C) from the various 
grades of alloys described in ASTM Specifications for high-temperature service is 
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facilitated by reference to specific standards. The multiplicity of services in a large 
plant and the variety of dimensional standards and materials, possible joints, and 
different types of welding available make it desirable to provide proper standards, 
design details, and materials selection guidelines. 

Main steam line sizing is determined by performing an economic analysis of 
pressure drop, pipe cost, and so on, with a maximum velocity limit of 15,000 fpm 
(250 fps) (4570 m/min, 76 m/s). See “Determining Reasonable Flow Velocity" for 
more flow velocity data. Preliminary pipe sizing is often based on approximately a 
3 percent pressure drop from the superheater outlet to the turbine stop valves. 
Wall thickness is calculated using the equations presented in “Design Pressure." 
Thus the main steam piping between the turbine and boiler may consist of one 
or more lines, with metallurgy varying from pressure-temperature rating re- 
quirements. 

Because of the high cost of alloy piping, the selection of its size is usually the 
subject of an economic study where the increased pressure drop and its effect on 
turbine output are weighted against unit pipe cost including installation and hangers. 
For systems operating at or below 1050°F (566°C), chrome-moly alloy steel is often 
used in order to bring the pipe thickness down to an economically acceptable value 
for the steam pressures used. 

Main steam piping at 1015?F (546°C) is typically 2% percent chrome, 1 percent 
molybdenum steel to ASTM A335, Grade P22 in U.S. fossil power plants (see 
“Design Temperature"). However, there have recently been extensive investiga- 
tions of using higher levels of chrome, ranging up to 12 percent. There is a gap 
between the low- and medium-alloyed ferritic steels on one side and the high- 
alloyed austenitic steels on the other, as shown on Fig. C3.10.? This gap in the 
creep rupture strength versus temperature diagram is occupied by the group of 
ferritic/martensitic 9-12 percent chromium steels. Compared to P22 (10 CrMo 9 
10), the creep rupture strength of P91 is even twice as high." Several of these 9-12 
percent chromium steels have been developed and used worldwide,” including X 
12 CrMo 9 1, which has been used as steel under hydrogen pressure for tubes and 
pipes mainly in chemical plants, and X 20 CrMo 12 1, which has been used with 
great success in power plant piping, tubing, and headers. A similar steel, X 10 
CrMoVNb 9 1, developed in the United States, has been standardized in ASTM 
A213 for tubing (T91), in ASTM A335 for piping (P91), and in ASTM A336 for 
forging (F91). Parallel developments include the Japanese steel NF 61615." 

For the given initial steam conditions, power plant capacity, pipe material, and 
economic factors, the number of main steam leads should be optimized considering 
the steam generator manufacturer's header arrangement and the turbine valve 
arrangement. Selection of the operating steam pressure and temperature for a 
turbine-generator installation is based on an economic study or on experience 
derived from previous installations. Studies have shown that higher pressures and 
temperatures are associated with larger units or with higher expected fuel costs. 

Main steam piping for the PWR and BWR is typically carbon steel to ASTM 
A106, Grade B or C. 

In practical applications, steam generator and main steam line material limita- 
tions, plant reliability, and economic considerations influence the initial steam condi- 
tions. For a given pipe, an increase of initial steam temperature above certain values 
requires lower initial pressure. The maximum allowable stress values in tension for 
pipe materials for various metal temperatures may be obtained from the appropriate 
codes being used for design of the piping. 

If better materials are used for main steam (MS) pipes, steam generators, and 
turbines, additional steam reheat may be beneficial, since this will allow higher 
throttle pressure at fixed throttle steam temperature. This additional steam reheat 
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FIGURE C3.10 Creep rupture strength of heat-resistant ferritic and austenitic steels. (From 
Ref. 13.) 


not only guards a turbine against operation in a high moisture region, but also 
increases fuel savings due to the carnotization of a Clausius-Rankine Cycle. See 
“Understanding the Extraction Steam System." 

The high-pressure main steam piping must be designed with attention to the 
need for adequate size (pipe diameter), thermal expansion, piping supports, and 
drain of condensate, with the last factor being especially important when warming 
up the system preparatory to a start. 

Pressure drop in steam lines to turbines and heat losses to the surroundings 
have an important influence on power plant performance. Long runs of pipe, or 
shorter runs of expensive, thick-walled, alloy steel, high-pressure pipe create the 
need for an economic determination of optimum pipe size. The higher the steam 
velocity, the smaller the required size of pipe, but unfortunately the frictional 
pressure loss increases as the square of the velocity. In an economic analysis, the 
higher capital cost of larger pipe diameters, including insulation and support, must 
be weighed against the lower operating costs resulting from better plant perfor- 
mance. For more information on the economic optimization of line sizes, see Chapter 
B8 in this handbook. The amount of insulation to apply is a separate economic 
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consideration and is also governed by the maximum allowable surface temperature 
for personnel protection. 


Piping Joints. To a large extent, pressure piping is welded. Welded joints have 
generally replaced most of the screwed or flanged joints in new construction of 
steam distribution system mains and customers' service lines. Joint construction 
must satisfy the requirements of the code applicable for construction. 

Although welding has largely displaced flanged joints, some flanged connections 
are nevertheless required, particularly in making connections to flanged valves, 
expansion joints, or fittings where space limitations do not permit welding, or where 
easy removal of a fitting or valve is desired. Malleable, cast-iron, bronze, or brass 
fittings may be used for pressures not exceeding 250 psi (1725 kPa) and temperatures 
not in excess of 450?F (232?C). Cast or forged carbon steel fittings are required for 
pressures above 250 psi (1725 kPa). For temperatures above 775°F (413°C), carbon 
steelis not recommended. Welded fittings must comply with the American Standard 
for Factory-Made Wrought Steel Buttwelding Fittings (ASME B16.95) or American 
Standard for Forged Steel Fittings, Socket-Welding and Threaded (ASME B16.1115) 
where applicable, and the material shall conform to ASTM Specification A216, 
A234, or A105. Special fittings or welded assemblies fabricated in either the shop 
or field are required to conform to the requirements of the appropriate codes. 

Gaskets. Gaskets may be made of metal or other material which will not burn, 
char, or change in character so as not to perform the service intended. Asbestos is 
prohibited. Several alternatives for asbestos, including spiral-wound gasket applica- 
tions, have recently been developed by the gasket manufacturers. A summary of 
material specifications for selected lines for a 150 MW circulating fluidized bed 
power plant is given in Table C3.4. 

Threaded Joints. Limitations for threaded joints are contained in both the 
ASME Code, Section II! and ASME B31.1.? Paragraph 114 in B31.1 includes the 
following guidance, which is similar to that in the ASME code for Class 2 and 3 
piping (threaded joints are not allowed in ASME Class 1 piping): All threads on 
piping components shall be taper pipe threads in accordance with the applicable 
Standards listed in Table 126.1? Threads other than taper pipe threads may be 
used for piping components where tightness of the joint depends on a seal weld or 
a seating surface other than the threads, and where experience or test has demon- 
strated that such threads are suitable. 

Threaded joints shall not be used where severe erosion, crevice corrosion, shock, 
or vibration is expected to occur, nor at temperatures over 925°F (495°C). Size 
limits for steam and hot water service [above 220°F (105°C)] shall be as listed in Table 
C3.5. Threaded access holes with plugs, which serve as openings for radiographic 
inspection of welds, are not subject to the limitations of Table C3.5. Threaded 
connections for insertion-type fluid temperature determination and sampling 
devices are not subject to the temperature limitations stated in Table C3.5. At 
temperatures greater than 925°F (495°C) or at pressures greater than 1500 psi 
(10,350 kPa), these threaded connections shall be seal-welded. The design and 
installation of insertion-type fluid temperature determination and sampling devices 
shall be adequate to withstand the effects of the fluid characteristics, fluid flow, 
and vibration. 

Paragraph 104.1.2(C) of B31.1? states that “Where steel pipe is threaded and 
used for steam service at pressures above 250 psi (1750 kPa) or for water service 
above 100 psi (700 kPa) with water temperatures above 220°F (105°C), the pipe 
shall be seamless having the minimum ultimate tensile strength of 48,000 psi (330 
MPa) and a weight at least equal to Schedule 80 of ANSI B36.10M.* 
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TABLE C3.4 Material Specification for Selected Lines (150 MW Circulating Fluidized Bed Power Plant) 


SYSTEM 


Item 


Main steam 


Hot reheat 


Cold reheat 
first point 
extraction 


Second point 
extraction 


Condensate pump 
discharge; fourth, fifth, 
sixth point heater outlet 


Third-sixth point extraction, 
raw water, service water, 
other condensate piping 


Design pressure 
and temperature 

Pipe size, 
schedule 

Pipe material 

Pipe construction 

Flange type 

Flange material 

ANSI standard 

Class 

Gaskets 

Fittings over 2 in 

ASTM spec. 

ANSI std. 

Type 

2 in and smaller 

ASTM spec. 

ANSI 


Rating 
Type 


1985 psig, 1015°F 


16.1 in OD, 2.10 tmin. 
11.7 in OD, 1.51 tmin. 


A335 P22 
Seamless 
Not allowed 
N/A 

N/A 

N/A 

Not allowed 


A234 WP22 
B16.9, B16.28 
Butt weld 


A182 F22 
B16.11 


9,000 Class 
Socket weld 


590 psig, 1015°F 
22 in Sch 80 


A335 P22 
Seamless 
Welding neck 
A182 F22 
B16.5 

900 RF 
Spiral-wound 


A234 WP22 
B16.9, B16.28 
Butt weld 


A182 F22 
B16.11, 
MSS-SP-79 
3,000 Class 
Socket weld 


615 psig, 710°F 


24 in Sch 60, 
8 in XS 

A106 Gr B 
Seamless 
Welding neck 
A105 

B16.5 

600 RF 
Spiral-wound 


A234 WBP 
B16.9, B16.28 
Butt weld 


A105 

B16.11, 
MSS-SP-79 

3,000 Class 

Socket weld 


210 psig, 785°F 
8 in Std 


A335 P22 
Seamless 
Welding neck 
A182 F11 
B16.5 

300 RF 
Spiral-wound 


A234 WP11 
B16.9, B16.28 
Butt weld 


A182 F11 
B16.11, 
MSS-SP-79 
3,000 Class 
Socket weld 


* Spiral-wound if over 180°F; red rubber J-M Style 107, or equal if below 180°F; Vellumoid if oil. 


330 psig, 285°F 


Over 2 in, Std 

Up to 2 in, Sch 80 
A106 Gr B 
Seamless 

Welding neck 
A-105 

B16.5 

300 RF 
Spiral-metal 


SA234 WPB 
B16.9, B16.28 
Butt weld 


SA-105 
B16.11, 
MSS-SP-79 
3,000 Class 
Socket weld 


110 psig, 650°F or less 


Over 2 in, Std 

Up to 2 in, Sch 80 

A53 Gr B 

Seamless 

Slip-on or welding neck 
A105 

B16.5 or MSS-SP-44 
150 RF 


* 


A234 WPB, or A216 WCB 
B16.9, B16.28 
Butt weld, or flanged 


A-105 
B16.11, 
MSS-SP-79 
3,000 Class 
Socket weld 


STEAM SYSTEMS PIPING C.105 


TABLE C3.5 "Threaded Joint Size Limits 
for Steam and Hot Water Service Above 
220°F (105°C)!” 


Maximum pressure 


Maximum 
nominal pipe size psi kPa 
3 400 2,750 
2 600 4,150 
1 1200 8,300 


34 and smaller 1500 10,350 


Note: For instrument, control, and sampling 
lines, refer to Para. 122.3.62 


Paragraph 102.4.2 of B31.1? states that “The calculated minimum thickness of 
piping (or tubing) which is to be threaded shall be increased by an allowance equal 
to thread depth; dimension h of ASME B120.1 or equivalent shall apply. For 
machined surfaces or grooves, where the tolerance is not specified, the tolerance 
shall be assumed to be Yes in (0.40 mm) in addition to the specified depth 
of cut." 

Cast-Iron Flanges. It is advisable to express a word of caution regarding con- 
necting cast-iron flanges and fittings to steel flanges and fittings. Class 25 and Class 
125 cast-iron flanges have plain faces, while the Class 250 flanges have raised faces 
which come out practically to the inner edge of the bolt holes whereas those of 
steel flanges are narrower and stop some distance inside the bolt holes. The plain 
face or wide raised face on cast-iron fittings and flanges is a necessary precaution 
to prevent cracking the flange in drawing up the bolts. Numerous instances have 
been observed where cast-iron flanges have cracked when being bolted to raised- 
face steel flanges. In cases where it is necessary to bolt cast-iron and steel flanges 
together, the raised face of the steel flange should be machined down flush with 
the flange edge. For the same reason, when lap-joint pipe is made up with cast- 
iron flanges, the lapped end should be brought out to the inner edge of the bolt 
holes. These type of flange joints should only be used where permitted by the 
governing code. 

For reasons similar to those just stated, it is inadvisable to use alloy steel bolts 
in cast-iron flanges. Commercial carbon-steel bolts (A307, Grade B) are amply 
strong for use in cast-iron flanges up to a temperature of 400°F (205°C), and there 
is no occasion to risk cracking such flanges through the use of high-strength bolts. 
Steel flanges are properly designed, both as regards dimensions and material, for 
use with a narrow raised face and alloy-steel bolts. 


Valves. Valves must be of a design at least compatible with the service conditions 
and constructed of the materials allowed by the appropriate codes for design pres- 
sure and design temperature. 

ANSI pressure class determination should be based on the design and operating 
conditions of the system (i.e., temperature, pressure). It should be noted that for 
valves with elastomeric or plastic gaskets, packing, or seating elements, the valves 
may not meet the entire range of pressure/temperature conditions for their desig- 
nated ASME pressure class. See Chap. A10 for selection and application of valves. 
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For power work, the following codes give pressure/temperature tables for valves: 


ASME B16.34—“Valves-Flanges, Threaded, and Welding End"" 
API602— Compact Steel Gate Valves, Fifth Edition"? 


When selecting a valve, consider the following: 


* The system safety category 


* The design and operating conditions of the system, or portion of the system in 
which the valve will be installed 


* Valve function; that is, isolation, throttling, or modulating 
* Radioactivity level, if any 
* Whether pressure drop is critical 


* Preferred end connection; that is, socket weld, butt weld, threaded, flanged, 
or mechanical 


* Special features, including minimum operating time, stem leakoff required, excep- 
tional tightness required for seat and/or seals, body taps 


* Material requirements; that is, alloy, carbon steel, hard-facing, and so on 


Isolation and Control Valves. Selecting the proper valve for a particular pur- 
pose depends on the operating pressure and temperature and on the type of valve 
best-suited for the use to which it will be put. In general, it is customary to use 
gate valves in locations where pressure drop through the valve is a consideration, 
and where the valve will either be wide open or fully closed. Guard valves and 
shutoffs for boiler and turbine leads, and so on, are almost always of the gate type. 
Globe valves are commonly used in water, steam, and air lines for control or 
throttling purposes, as the globe type permits closer regulation of flow. Throttling 
often involves some steam cutting of the seat and disk, and these parts of globe 
valves are more easily repaired or replaced than in gates. Some appropriate uses 
for globe valves under these conditions are turbine and engine throttles, bypasses 
around traps or reducing valves, and hand-feed regulation on boilers. 

Check valves are required in feed lines close to a boiler to prevent water or 
steam from blowing back from the boiler, if, for any reason, the feed line ruptures 
or its pressure fails. It is advisable to use check valves in individual pump or trap 
discharges before they join a common header and where different lines are joined 
together to discharge into a common header. A check valve cannot be counted on 
for closing a line off completely against pressure working back through, but it will 
stop a considerable flow. In pump discharges where the header remains under 
pressure after the pump is shut down, a gate valve should be provided in addition 
to the check valve. It is also desirable to provide a small relief valve on the pump 
suction to prevent pressure backing up through the pump and overpressurizing the 
suction side of the system pump. 

With pressure-reducing or other control valves it is desirable to select a size that 
is loaded somewhere near capacity under normal operation, as such valves are then 
more stable in their operation. If there is considerable seasonal variation in the 
load on a reducing or control station, it is good practice to install a large and a 
small valve in parallel, and use the one best fitting the load at any particular time. 
It is frequently desirable to install a hand-operated bypass around a control valve 
so that service can be maintained while the special valve is being repaired. Such 
an arrangement with provision for shutoff to repair the special valve while the line 
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FIGURE C3.11 Pressure-reducing station. 


is in operation is shown in Fig. C3.11, which includes flanged valves. Advantage 
can be taken of improved valve design, wherein weld ends are used while still 
permitting the internals to be removed for repairs. Main steam lines usually do not 
use flanges. Filler pieces should be provided between a flanged reducing valve and 
the adjacent gates, as reducing valves usually are constructed so it is impossible to 
remove all the end-flange bolts when they are bolted directly to other valves or 
fittings because of close clearance at the valve bonnets or fitting necks. For conve- 
nience in removing these valves from the line, flanged connections are used fre- 
quently at such points, even though the rest of the line is made with screwed or 
welded joints. When reducing from a pressure that requires the use of a heavy 
standard for flanges and fittings to a pressure with which a lighter standard is used 
or to which low-pressure equipment is connected, relief valves should be provided 
on the low-pressure side. The use of the heavier standard should be continued 
through to the last valve ahead of the relief valve, as it is possible to have full 
pressure up to that point. A reducing valve seldom has a tight shutoff, and at times 
of negligible steam consumption, leakage through the valve may be enough to build 
up full line pressure on the low-pressure side. The ASME Code for Power Piping 
requires that the combined discharge capacity of the safety or relief valves shall 
be such that the pressure rating of the lower-pressure piping will not be exceeded 
in case the reducing valve sticks open. 

Safety and Relief Valves. Safety and relief valves are defined in Section I of 
the ASME Code” as follows: 


Safety Valve: An automatic pressure relieving device actuated by the static 
pressure upstream of the valve and characterized by full-opening pop action. It 
is used for gas or vapor service. 


Relief Valve: An automatic pressure relieving device actuated by the static 
pressure upstream of the valve which opens further with the increase in pressure 
over the opening pressure. It is used primarily for liquid service. 


Safety Relief Valve: an automatic pressure-actuated relieving device suitable 
for use either as a safety valve or relief valve, depending on application. 


The construction and method of installing safety valves for power boilers are 
explained in Section I of the ASME Boiler and Pressure Vessel Code.” The boiler 
safety valve requirements are excerpted as follows: 


Each boiler shall have at least one safety valve or safety relief valve and if it 
has more than 500 ft? [46 m?] of bare tube water-heating surface, or if an electric 
boiler has a power input more than 1100 kW, it shall have two or more safety 
valves or safety relief valves. For a boiler with combined bare tube and extended 
water-heating surface exceeding 500 ft? [46 m?], two or more safety valves or 
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safety relief valves are required only if the design steam generating capacity of 
the boiler exceeds 4000 lb/hr [1810 kg/hr]... . 


The safety valve or safety relief valve capacity for each boiler shall be such that 
the safety valve, or valves will discharge all the steam that can be generated by 
the boiler without allowing the pressure to rise more than 6 percent above the 
highest pressure at which any valve is set and in no case to more than 6 percent 
above the maximum allowable working pressure. . . . 


One or more safety valves on the boiler proper shall be set at or below the 
maximum allowable working pressure. If additional valves are used the highest 
pressure setting shall not exceed the maximum allowable working pressure by 
more than 3 percent. The complete range of pressure settings of all the saturated- 
steam safety valves on a boiler shall not exceed 10 percent of the highest pressure 
to which any valve is set. Pressure setting of safety relief valves on high-tempera- 
ture water boilers may exceed this 10 percent range. 


Additional requirements and requirements for alternate protection against over- 
pressure are included in Section I of the ASME Boiler and Pressure Vessel Code,” 
Section PG-67. 

Where more than one safety or relief valve is used on a boiler or other pressure 
vessel, it is desirable to set one or more of the valves to relieve at a lower pressure 
than the rest. This serves as a warning before too much steam is lost through all 
the valves opening at once and also tends to facilitate repairs by confining any 
cutting action to the one or more valves that open first. In some cases an extra 
safety valve, known as the power-control valve, is set to blow before the others 
and is mounted above a gate valve so that it can be removed for repairs while the 
boiler or steam line is in service. The capacity of this valve cannot be considered 
in meeting Code or other safety requirements, because it might be shut off. Where 
the hazard involved does not require the installation of a full-size relief valve, it is 
sometimes desirable to install a small-size pop valve as a telltale to give warning 
when the usual working pressure is exceeded. The operator can then attend to 
restoring it to normal conditions. A safety valve for use with a compressible fluid, 
such as steam or air, is distinguished from a relief valve in that a safety valve has 
an adjusting, or huddling, ring and chamber to control the amount the pressure 
blows down before the valve reseats. 


Bolting. In bolting cast-iron flanges or steel flanges to cast-iron flanges, valves, 
fittings, and so forth, bolts must be of carbon steel equivalent to ASTM A307, 
Grade B, without heat treatment other than stress relief. Otherwise, they may be 
too strong for the cast-iron flanges. Threads in accordance with the coarse-thread 
series of the standard for screw threads, ASME B1.1 and B18.2.1,?? are recom- 
mended for carbon-steel bolts. Carbon-steel bolts conforming to A307 may be the 
standard regular or heavy hexagonal-head bolts and must be used with standard 
heavy semifinished hexagonal nuts, B18.2.2,? which conform to ASTM A194. 
For high-temperature service or for insurance of a tight joint in the case of steel 
flanges, bolts or stud bolts should be of alloy steel, conforming to ASTM A193, 
typically Grade B7. Nuts must be of steel according to ASTM A194, Grade 2H. 
Bolt and nut selection for use with flanges in power piping may often be made 
from the alloy-steel bolts listed in Tables 112 and 126.1 and Section 108.5 of ASME 
B31.1? See Chap. A7 in this handbook for additional information on bolted joints. 
Following is a summary of the principal bolting selections by the architect/ 
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constructor for a typical 150 MW circulating fluidized bed power plant (see 
Table C3.4): 


* Bolt studs: Eight threads per in (25.4 mm) [coarse thread for less than 1 in (25 
mm)] with two nuts. 


* No bolted joints are allowed for main steam. 


* Stud material: A193, B16 for hot reheat, if present; A193, B7 for all other sys- 
tems noted. 


* Nuts: Hexagon semifinished Heavy Series per B18.2.2.? 


* Nut material: A194, Grade 4 for hot reheat; A194, Grade 2H nut standard for 
all other systems noted. 


Protective Conduits for Underground Lines. Protective conduits for underground 
steam mains and services are necessary to protect the pipe and insulation from 
damage due to earth pressure and impact loadings; to allow free longitudinal expan- 
sion and contraction while held in proper alignment; and to prevent groundwater 
seepage or flooding by providing either drains or a completely waterproof structure. 

Many types of conduits are used by the steam-piping industry today. They can 
be categorized into the following general classifications: prefabricated, boxtype, 
solid pour, granular fused, and tunnels. 

Prefabricated conduits are popular with utilities located in large cities, where 
conditions exist such as congested subsurface, heavy surface traffic, tidewater, and 
rock areas. The ideal design for these conditions is one with the smallest cross- 
sectional area, consistent with thermal requirements, to fit into limited subsurface 
space. Two prefabricated designs are shown in Fig. C3.12. 

In Fig. C3.12a, the insulated pipe is placed within a corrosion-resistant, helically 
corrugated metal jacket which is protected with a heavy asphaltic coating. In Fig. 
C3.12b, the insulated pipe is placed concentrically within the corrosion-resistant 
metal jacket, and the intervening space between jacket and insulation is poured 
full of high-melting-point asphalt, which is a protective medium for the insulation. 
Some of these prefabricated designs are also available with cast-iron casings with 
fittings designed for joints, bends, and so on. 

Boxtype conduits have many variations. Depending on loading conditions, rein- 
forcement may or may not be necessary. Drainage is provided by filling drainage 
pockets with crushed stone or gravel; these pockets may be installed on either or 
both sides of the conduit. They conduct water from the top of the conduit to the 
lower drain, which is connected to a sewer. 


Asphalt coating 


Insulation Roofing jacket 
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zinc-coated ingot 


iron conduit Asphalt 


Heavy felt wrapping Insulation 


Air space Metal jacket 


(a) (5) 


FIGURE C3.12 Prefabricated conduits for underground steam pipes: (a) coated and wrapped 
corrugated conduit; (b) poured asphalt protects thermal insulation. 
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FIGURE C3.13 Solid-pour protection for underground steam pipe: (a) insulated and wrapped 
pipe in structural concrete; (b) pipe is surrounded by insulating concrete. 


Solid-pour construction, such as is shown in Fig. C3.13a, consists of poured 
structural concrete which is vibrated or tamped around a conventionally insulated 
steam line. If the insulation has a high compressive strength, such as is characteristic 
of diatomaceous earth or silica, it can support the pipe; otherwise, it should be 
supported independently. Reinforcing is sometimes used to prevent settlement. An 
eccentric space may be left around the pipe by using insulation larger than the 
outside diameter of the pipe. This permits the pipe to rise during the warming-up 
period without crushing the insulation. 

The design of Fig. C3.13b utilizes an insulating concrete as a conduit. The 
concrete is poured around the steam pipe, which is supported on precast blocks of 
the same material. The insulating concrete may consist of any mixture of insulation 
or other cellular materials and portland cement or a mixture of a special foaming 
material mixed with portland cement; the aim is to create a cellular mass composed 
of minute air cells in the concrete so as to develop insulating qualities. The piping 
(which could be a number of pipes) is wrapped with corrugated paper before 
the insulation is poured, and a heavy-asphalt-coated waterproofing membrane, or 
equivalent waterproof sheeting, is installed to protect the top and side of the 
structure before backfilling. 

Granular-fused types of conduits as shown in Fig. C3.14 consist of a granular 


semiplastic core 
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FIGURE C3.14 Granular-fused conduit for underground 
steam pipe. 


STEAM SYSTEMS PIPING C.111 


bitumen, selected for the required temperature range and poured and tamped 
around the pipe or pipes in a trench. Heat passing through the pipe forms three 
concentric zones: (1) a dense semiplastic core fused on by the pipe's own heat, (2) 
a sintered zone providing thermal insulation and moisture proofness, and (3) an 
outer layer of granules providing a final zone of thermal insulation and the load- 
bearing portion of the structure. 

Walk-through tunnels are usually not provided for steam mains unless they are 
required for underground passage between buildings, as in institutions, and then, 
they are usually constructed to accommodate other utilities services such as electric- 
ity, water, and gas. Tunnels are very costly and are constructed only out of necessity. 

Provision for condensate drainage, ventilation, and insulating methods to reduce 
heat loss are considered for all portions of underground steam mains. 

The illustrations shown here are only a few of the many designs utilized in 
practice today. Choice and application depend upon the project design requirements 
and site conditions. In the economic evaluation, factors to be considered include 
life expectancy, operation and maintenance costs, impact of geotechnical conditions 
on foundations, external and internal drainage, corrosive action of soil conditions, 
loads to be imposed, field installation practices, and necessary insulating properties. 


Drainage of Condensate. To prevent a water slug type of water hammer and a 
possible rupture of the steam main, condensed steam or condensate within the 
steam main must be removed. Even superheated steam lines need drainage since 
condensation forms during the warming-up period, or while the line is hot but 
without flow. The points to be drained are the low points in the line, moisture 
separators, drip pockets, and valves, especially in vertical lines. Horizontal portions 
of the steam lines should be pitched downward approximately V6 in/ft (10 mm/m) 
in the direction of flow or % in/ft (20 mm/m) for lines that contain a steam/water 
mixture or require draining periodically. Condensate flow against the steam should 
be avoided if possible. 

Since the contour of the ground or subsurface structures will dictate the pitch 
of the steam main, provisions must be made during construction to grade the steam 
main carefully so as to pitch the pipe adequate for condensate drainage. Since it 
is unlikely that a continuous slope can be maintained in a long run of main, removal 
of condensate (drainage) must be provided for at all low points where a water 
pocket will exist. In any event, recommended lengths of steam main for draining 
off condensate should not exceed 300 to 400 ft (90 to 120 m). 

To provide for condensate drainage 
from a steam main, a drain pocket is 
welded to the bottom of the pipe to be 
drained. The diameter of the pocket 
should be about one-third the diameter 
of the line, up to a maximum of NPS 6 
(DN 150) for NPS 18 (DN 450) andlarger 
mains. The pocket not only provides for 
condensate removal but also allows for 
sediment removal. Figure C3.15 shows 
this design. Figure C3.16 is a design in 
the form of a separator, which is more 
prevalent in underground steam mains. 

For systems which supply high flow 


rates to concentrated loads, it probably FIGURE C3.15 Drain pocket for steam-trap 
will be economical to return the cond- connection to low-velocity steam main. 
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ensate in order to recover the energy in 
the condensate and thereby reduce the 
costs of treating raw makeup water. 

Sometimes, however, it is not eco- 
nomically feasible or practical to return 
the condensate from district-heating sys- 
tems because of the high cost of install- 
ing and maintaining pumping equip- 
ment, manholes, and return piping. 

In such cases, traps off the drain 
pocket can often be discharged through 
cooling coils to the city sewer system. 
City regulations may require the con- 
densate discharge to be cooled before 
entering the sewer. In some cases, con- 
densate discharge lines are piped to 
sump pits in manholes, where the water 
is removed by float-controlled electric 
pumps which discharge it into the sewer. 
See Figs. C3.17 and C3.18. 

In process and power system piping, 
condensate removal is an important 
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FIGURE C3.16 Drain pocket for steam-trap 
connection to high-velocity steam main. 


consideration to prevent water slug formation in steam lines. Paragraph 122.11 of 
ASME B31.1’ contains the following provisions for drains, drips, and steam 


traps: 


Drip lines from piping or equipment operating at different pressures shall not 
be connected to discharge through the same trap. If two or more traps discharge 
into the same header which is, or may be, under pressure, a stop valve and a 
check valve shall be provided in the discharge line from each trap. 
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FIGURE C3.17 Manhole for sump pump. 
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FIGURE C3.18 Manhole for sectionalizing valve and drain valve assembly. 


Trap discharge piping shall be designed for the same pressure as the inlet piping 
unless the discharge is vented to atmosphere, or is operated under low pressure 
and has no stop valves. In no case shall the design pressure of trap discharge 
piping be less than the maximum discharge pressure to which it may be subjected. 


Steam traps are automatic devices used to trap or hold steam until it has con- 
densed and to allow condensate and air to pass as soon as they accumulate. In 
general, a trap consists of a vessel in which the condensate accumulates, an orifice 
through which the condensate is discharged, a valve to close the orifice port, mecha- 
nisms to operate the valve, and inlet and outlet openings for the entrance and 
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TABLE C3.6 Reasonable Design Velocities for Flow of Fluids in Pipes 


Reasonable velocity 


Fluid Pressure, psig Use Ft/minute Ft/second 
Water 25-40 City water 120—300 2-5 
Water 50-150 General service 300—600 5-10 
Water 150 up Boiler feed 600—1,200 10-20 
Saturated steam 0-15 Heating 4,000—6,000 67—100 
Saturated steam 50 up Miscellaneous 6,000—10,000 100-167 
Superheated 200 up Large turbine 10,000—20,000 167-334 

steam and boiler leads 


Source: Courtesy of Stone & Webster. 


discharge of the condensate from the trap vessel. Steam traps are discussed in detail 
in Chap. A2. 


Determining Reasonable Flow Velocity. Before proceeding beyond a preliminary 
layout of piping systems, it is necessary to determine pipe sizes which allow reason- 
able velocities and friction losses. The maximum allowable velocity of the fluid in 
a pipeline is that which corresponds to the permissible pressure drop from the point 
of supply to the point of consumption or is that which does not result in excessive 
pipeline erosion. The economic optimization of line sizes is discussed in Chap. B8 
in this handbook. The values of velocity listed in Tables C3.6 and C3.6M (Metric) 
are reasonable for use in such cases. The lower velocities should be used for small 
pipes, and the upper limits for large ones. These values represent good average 
practice and may be used as a guide in many cases where actual pressure drops 
are not computed. Additional steam line velocity information is given in Chap. B8 
in this handbook. 

Erosive action on valve seats and similar exposed parts also affects permissible 
velocity. This action is much more pronounced in the case of wet steam than with 
superheated steam, and velocities should be correspondingly lower when there is 
much moisture in the steam. 

High velocities are sometimes used in dry steam lines where excess pressure 
exists, to absorb the higher pressure drop. The high velocity is not in itself objection- 


TABLE C3.6M (Metric) Reasonable Design Velocities for Flow of Fluids in Pipes 


Reasonable velocity 


Pressure m per m per 

Fluid (kPa gauge) Use minute second 
Water 172-276 City water 36-91 0.61-1.52 
Water 345-1034 General use 91-183 1.52-3.05 
Water 1034 up Boiler feed 183-366 3.05-6.10 
Saturated steam 1-103 Heating 1220-1830 20.4—30.5 
Saturated steam 345 up Miscellaneous 1830-3050 30.5—50.9 
Superheated steam 1380 up Large turbine 3050-4570 50.9—76.2 


and boiler leads 


Source: Courtesy of Stone & Webster. 
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able, since with dry steam there is no appreciable erosion of the pipe walls and no 
undesirable effects save that high velocities are accompanied by considerable noise 
(which would be objectionable in heating systems in office buildings and dwellings 
but may not be in power plants). 

In the selection of pipe sizes for exhaust lines from auxiliary turbines and similar 
services where high velocities may be used to advantage, consideration should be 
given to the limiting velocities which can be obtained. This limiting or sonic velocity 
has a definite value for each combination of steam density and pressure (see 
Chap. B8). 

It is often cheaper to use a larger standard pipe size than to use a unique pipe 
size. Table C3.4 shows a special size for main steam piping and standard sizes 
recommended for the other systems. Where space is at a premium, it may be 
necessary to use a smaller size than would otherwise be good practice. The calcula- 
tion of velocity or pressure drop is a valuable check, but in the last analysis judgment 
is the deciding factor, and the blind use of generalized criteria is impracticable. 

Special attention should be given to sizing hot and cold reheat piping since 
pressure drop in reheat systems affects turbine heat rate. Cost of piping must be 
compared with these effects to arrive at the most economical piping arrangement. 
Normally, total pressure drop in reheat piping and the reheating section of the 
steam generator should be 7 to 9 percent of high-pressure turbine exhaust pressure. 
It is desirable to use a smaller-diameter hot reheat line and larger-diameter cold 
reheat line, taking a greater pressure drop in the more expensive (alloy) hot re- 
heat line. 


Loss Due to Steam Leaks. Modern power plants with almost all welded joints 
experience leakage through only a few nonwelded joints at valves or other equip- 
ment connections. The hazard of high-pressure, high-temperature steam leaks, to- 
gether with the cost of chemicals required in most makeup systems, makes early 
repairs mandatory. 

Existing low-pressure plants using flanged or screwed joints experience consider- 
able leakage and where maintenance is deferred are wasting both water and energy 
at a rate which depends on the size of the opening and steam pressure. 

The value of steam which can be lost through a comparatively small leak becomes 
appreciable when considered over a period of time. The amounts of steam which 
will escape through various sizes of orifices at different pressures can be computed 
by an appropriate flow formula. Table C3.7, which was computed by Grashof's 
formula," gives the pounds of steam and gallons of water wasted per month, while 
Table C3.7M (Metric) gives the kg of steam and m? of water wasted per month. 


Expansion, Flexibility, and Supporting. Chapters B4 and B5 in this handbook 
provide basic information on the thermal expansion, the needed flexibility, and the 
supporting of piping systems. In underground steam piping, expansion joint fittings 
are more commonly used for thermal expansion owing to the limitations of space 
and costly trenching. Expansion joints are often used for application in underground 
steam mains. 

The basic design of a slip-type joint consists of a cast-iron or steel body with a 
stuffing box and a sliding sleeve. The advantage of slip-type joints is the longer 
traverses that can be obtained to absorb pipe expansion; the disadvantage is the 
necessity for maintaining packing. By the very nature of its construction, the slip 
joint is capable of absorbing only axial movement. 

The metallic bellows expansion joint is composed of the following components: 
(1) the flexible element proper (corrugated metal tube), the rings enabling reinforced 
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TABLE C3.7 Loss Due to Steam Leaks* 


Pounds steam wasted 
Size of orifice, in per month Water wasted, gal 


250-lb gauge 


Vo 1,780,000 213,600 
% 1,001,000 120,100 
Va 445,000 53,400 
V6 111,000 13,300 
6 27,800 3,300 
Yao 7,000 800 
300-lb gauge 
Vo 2,125,000 255,000 
y8 1,195,000 143,400 
Va 531,000 63,700 
V6 132,800 15,900 
LU 33,200 4,000 
V2 8,300 1,000 
400-lb gauge 
Vo 2,804,000 336,500 
y8 1,577.000 189,200 
Yq 701.000 84,100 
V6 175,200 21,000 
LU 43,800 5,300 
V2 11,000 1,300 
600-Ib gauge 
Vo 4,157,000 498,800 
y8 2,338,000 280,600 
V4 1,039,000 124,700 
V6 259,000 31,200 
LU 65,000 7,800 
V2 16,300 2,000 


* Values in the table are based on the use of Grashof's formula. 


elements to support higher pressures, and the end collars or other structures serving 
to increase pressure capacity of cylindrical ends and transfer spring force and 
hydrostatic end thrust to connected piping, and (2) the end nipples or flanges and, 
for other than anchored axial joints, the various hardware items used to cross- 
connect the ends, such as tie rods, hinges, and gimbals. 

The advantages of the bellows type of joint which permit its use in buried steam 
piping are that it requires no maintenance and can absorb a combination of axial, 
lateral, and angular movement within a large range of pressures and temperatures. 
Its disadvantage is the limitation of traverse, generally 7 to 8 in (180 to 200 mm) 
of axial movement. 

Adequate anchoring and guiding are essential for the proper functioning of all 
expansion joints. Main anchors for end thrusts must be designed for the sum of 
the pressure thrust, the force required to deflect the joint, and the force due to 
friction in the piping guides. Intermediate anchors are used between balanced or 
double-type joints where the pressure thrust is balanced and the anchor need be 
designed only to restrict the expansion movement of the pipe. Guides are essential 
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TABLE C3.7M (Metric) Loss Due to Steam Leaks* 


Size of orifice (mm) Steam wasted per month (kg) Water wasted (m?) 


1,724 kPa gauge 


12.70 807,000 808.6 
9.52 454,000 454.6 
6.35 201,800 202.1 
3.18 50,300 50.3 
1.59 12,600 12.5 
0.79 3,200 3.0 
2,068 kP gauge 
12.70 936,900 965.3 
9.52 542,000 542.8 
6.35 240,900 241.1 
3.18 60,200 60.2 
1.59 15,100 15.1 
0.79 3,800 3.8 
2,758 kPa gauge 
12.70 1,271,900 1,273.8 
9.52 715,300 716.2 
6.35 318,000 318.4 
3.18 79,500 79.5 
1.59 19,900 20.1 
0.79 5,000 4.9 
4,137 kP gauge 
12.70 1,885,600 1,888.2 
9.52 1,060,500 1,062.2 
6.35 471,300 472.0 
3.18 117,500 118.1 
1.59 29,500 29.5 
0.79 7,400 7.6 


* Values in the table are based on the use of Grashof's formula. 


to assure proper pipe alignment into the expansion joint so that undesirable torques 
are not imposed on the expansion element. 

Cold springing of expansion joints used only for lateral deflection can provide 
several advantages. The most significant of these is the optimization of the position 
of the expansion joint. In addition, the joint is more stable at high pressures, since 
the maximum angular displacement of the corrugations is reduced. Joints with 
internal sleeves and external covers must have adequate clearance to permit the 
lateral deflection of the expansion element. If the deflection can be reduced by 50 
percent, these clearances can also be reduced by 50 percent. Internal sleeves can 
then be of maximum diameter, and external sleeves are held to a minimum diameter. 

All piping systems expand with an increase in temperature in the system. Long 
runs of high-temperature piping generally use bends, fittings, and offsets to assist 
in keeping the stresses within the code's allowable values, and reactions (forces 
and moments) on the turbine or boiler connections within the manufacturer's 
allowable values. Rigid hangers, constant and variable support hangers, guides, and 
anchors are also useful to control the thermal growth but must be carefully engi- 
neered. 

For piping such as main steam and hot reheat systems operating in the creep 
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range [900°F (482°C) and above], cold springing may prove useful in controlling 
the reactions on the equipment within the manufacturer's specified limits, although 
this technique is not universally recommended. (Cold springing is the process of 
cutting short the piping by a certain percentage of the expected thermal growth so 
that equipment loading in the cold, erected position is that percentage of the 
calculated hot reactions from the thermal analysis.) Cold springing does not reduce 
the stresses in the piping as allowed by the Code, but may be useful in meeting 
the vendors' limits on allowable forces and moments on their equipment, provided 
that the piping does not creep significantly at operating temperature. As the piping 
heats up and cycles through a number of thermal cycles in the creep range, the 
cold reactions will gradually be self-relieved to a certain extent. See ASME B31.1 
Code,’ Paragraphs 119.9 and 119.10 or ASME Section III,' Paragraphs NC-3673.3 
and NC-3673.5 for a more complete discussion of this subject. 

The piping designer needs to work closely with the vendors of the equipment 
in laying out the high-temperature piping and support systems, in conjunction with 
the flexibility analyst, so that these systems will meet all requirements over the life 
of the plant. Especially critical are the loads imposed on rotating equipment such 
as steam turbines, since clearances are critical and distortion due to piping loads 
can cause real problems to this equipment. 

The true economics of the system design must include all the above factors plus 
the normal cost factors (piping, insulation, hangers, etc.). 


Fabrication, Assembly, and Erection. For underground steam piping, manholes 
are required for sectionalizing valves and bypass valve piping, trap piping and traps, 
some types of expansion joints, and convenience of location of other expansion 
joints and anchorage. Modern manholes are constructed of reinforced concrete, 
cast-iron, or steel. In field-pour concrete construction, waterproofness should be 
assured by pouring the walls and floor monolithically. Prefabricated enclosures are 
pretested for waterproofness before installation. Other provisions that should be 
considered in manhole design are (1) adequate working space for maintenance, (2) 
clearance for removal of equipment, (3) ventilation, and (4) drainage. If the manhole 
floor elevation is below the sewer or if a sewer is not accessible for drainage piping 
from the manhole, sump pump manholes with automatic pumps or water ejectors 
must be provided. An example of such an installation is shown in Fig. C3.17. In 
prefabricated steam-main construction, prefabricated manholes with the necessary 
valves and piping installed may be delivered to the job site as a unit. This type of 
manhole is shown in Fig. C3.18. 

With prefabricated installation, expansion joints of the bellows design may be 
delivered to the job site and welded into the steel piping and conduit of the steam 
main. This provides for directly buried expansion joints in a fully-encapsulated 
system. Where convenient or necessary, expansion joints are installed in manholes 
with sectionalizing valves and thrust-type anchors. For ease of maintenance, traps 
are usually installed in their own manholes; that is, in a manhole separate from 
that which houses the sectionalizing valve. 

Steam piping in power plants is fabricated and installed in accordance with the 
appropriate code. The following discussion highlights several of the requirements 
for ASME Class 2 piping,! but specific codes should be reviewed as applicable. 
Components, parts, and appurtenances shall be fabricated and installed in accor- 
dance with the rules in the code and shall be manufactured from materials which 
meet the requirements of the code. 

Material for pressure-retaining parts shall carry identification markings which 
will remain distinguishable until the component is assembled or installed. If the 
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original identification markings are cut off or the material is divided, either the 
marks shall be transferred to the parts cut, or a coded marking shall be used to 
ensure identification of each piece of material during subsequent fabrication or 
installation. In either case, an as-built sketch or a tabulation of materials shall be 
made identifying each piece of material with the Certified Material Test Report, 
where applicable, and the coded marking. For studs, bolts, nuts, and heat exchanger 
tubes, it is permissible to identify the Certified Material Test Reports for material 
in each component in lieu of identifying each piece of material with the Certified 
Material Test Report and the coded marking. Material supplied with a Certificate 
of Compliance and welding and brazing materials shall be identified and controlled 
so that they can be traced to each component or installation of a piping system, or 
else a control procedure shall be employed which ensures that the specified materials 
are used. 

Material originally accepted on delivery in which defects exceeding the limits 
of acceptance are known or discovered during the process of fabrication or installa- 
tion, is unacceptable. However, the material may be used, provided the condition 
is corrected in accordance with the requirements for the applicable product form. 

Materials may be cut to shape and size by mechanical means such as machining, 
shearing, chipping, or grinding, or by thermal cutting. When thermal cutting is 
performed to prepare weld joints or edges to remove attachments or defective 
material, or for any other purpose, consideration shall be given to preheating the 
material, using preheat schedules such as suggested in the code. 

Any process may be used to hot- or cold-form or bend pressure-retaining materi- 
als, including weld metal, provided the impact properties of the materials, when 
required, are not reduced below the minimum specified values, or they are effectively 
restored by heat treatment following the forming operation. Hot-forming is defined 
as forming with the material temperature higher than 100°F (38°C) below the lower 
critical temperature of the material. 

When impact testing is required by the design specifications, a procedure qualifi- 
cation test shall be conducted using specimens taken from materials of the same 
specification, grade or class, heat treatment, and with similar impact properties as 
required for the material in the component. These specimens shall be subjected to 
the equivalent forming or bending process and heat treatment as the material in 
the component. Applicable tests shall be conducted to determine that the required 
impact properties of the code are met after straining. 

The tolerance requirements for formed or bent piping include maintaining 
minimum wall thickness and ovality. Bending processes shall be selected and quali- 
fied to ensure a wall thickness for bent piping sufficient to satisfy the requirements 
ofthe design calculations at the resultant section thickness. Unless otherwise justified 
by the design calculations, the ovality of piping after bending shall not exceed 8 
percent as noted in Eq. (C3.6): 


Dr 
100 x S M « 0.08 (C3.6) 


where D, = the nominal pipe outside diameter, in (mm) 
Dyin = the minimum outside diameter after bending or forming, in (mm) 
Dmax = the maximum outside diameter after bending or forming, in (mm) 


Parts that are to be joined by welding may be fitted, aligned, and retained in 
position during the welding operation by the use of bars, jacks, clamps, tack welds, 
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or temporary attachments. When the inside surfaces of items are inaccessible for 
welding or fairing, alignment of sections shall meet the following requirements: 


For circumferential joints the inside diameters shall match each other within ic 
in (1.5 mm). When the items are aligned concentrically, a uniform mismatch of 
V5 in (0.8 mm) all around the joint can result. However, other variables not 
associated with the diameter of the item often result in alignments that are offset 
rather than concentric. In these cases, the maximum misalignment at any one 
point around the joint shall not exceed 92 in (2.4 mm). Should tolerances on 
diameter, wall thickness, out-of-roundness, and so on, result in inside diameter 
variation which does not meet these limits, the inside diameters shall be counter- 
bored, sized, or ground to produce a bore within these limits. Offset of outside 
surfaces shall be faired to at least a 3:1 taper over the width of the finished weld 
or, if necessary, by adding additional weld metal. 


For longitudinal joints the misalignment of inside surfaces shall not exceed 952 
in (2.4 mm), and the offset of outside surfaces shall be faired to at least a 3:1 
taper over the width of the finished weld or, if necessary, by adding additional 
weld metal. 


No welding shall be undertaken until after the welding procedures which are to 
be used have been qualified. Only welders and welding operators who are qualified 
in accordance with code requirements shall be used. All welding procedure qualifi- 
cation tests shall be in accordance with the requirements of the code. 

The method used to prepare the base metal shall leave the weld preparation 
with reasonably smooth surfaces. The surfaces for welding shall be free of scale, 
rust, oil, grease, and other deleterious material. The work shall be protected from 
deleterious contamination and from rain, snow, and wind during welding. Welding 
shall not be performed on wet surfaces. Rules for making welded joints in piping 
are described in the following paragraphs. 

Backing rings which remain in place may be used for piping in accordance with 
the requirements of the code. The materials for backing rings shall be compatible 
with the base metal, but spacer pins shall not be incorporated into the weld. 

In double-welded joints, before applying weld metal on the second side to be 
welded, the root of full penetration double-welded joints shall be prepared by 
suitable methods such as chipping, grinding, or thermal gouging, except for those 
processes of welding by which proper fusion and penetrations are otherwise obtained 
and demonstrated to be satisfactory by welding procedure qualifications. 

Where single-welded joints are used, particular care shall be taken in aligning 
and separating the components to be jointed so that there will be complete penetra- 
tion and fusion at the bottom of the joint for its full length. 

When components of different diameters are welded together, there shall be a 
gradual transition between the two surfaces. The slope of the transition shall be 
such that the length-offset ratio shall not be less than 3:1, unless greater slopes are 
shown to be acceptable by analysis. The length ofthe transition may include the weld. 

Thickness of weld reinforcements for piping is specified in Table C3.8. For 
double-welded butt joints the limitation on the reinforcement given in Column 1 
of the table shall apply separately to both inside and outside surfaces of the joint. 
For single-welded butt joints, the reinforcement given in Column 2 shall apply to 
the inside surface and the reinforcement given in Column 1 shall apply to the 
outside surface. The reinforcements shall be determined from the higher of the 
abutting surfaces involved. 

Fillet welds may vary from convex to concave. A fillet weld in any single continu- 
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TABLE C3.8 Thickness of Weld Reinforcements for Piping! 


Column 1: Both double-welded 


Material nominal butt joints and outside Column 2: Inside 
thickness in (mm) single-welded butt joints single-welded butt joints 

Up to % (3.2), incl. Y2 (2.4) 352 (2.4) 

Over Y6—?4s (3.24.8), incl. Vs (3.2) 352 (2.4) 

Over 34e-15 (4.8—12.7), incl. s2 (4.0) Vs (3.2) 

Over 12-1 (12.7-25.4), incl. A6 (4.8) 5/2 (4.0) 

Over 1-2 (25.4—-51), incl. YA (6.4) 5/2 (4.0) 

Over 2 (51) The greater of 1⁄4 in (6.4 mm) 5/2 (4.0) 


or % times the width of the 
weld in inches (mm) 


ous weld may be less than the specified fillet weld dimension by not more than “ic 
in (1.5 mm), provided that the total undersize portion of the weld does not exceed 
10 percent of the length of the weld. Individual undersize weld portions shall not 
exceed 2 in (52 mm) in length. In making socket welds, a gap of approximately Vie 
in (1.5 mm) at the end of the pipe shall be provided prior to welding. The gap need 
not be present nor be verified after welding. 

Structural attachments shall conform reasonably to the curvature of the surface 
to which they are attached. Full penetration, fillet, or partial penetration continuous 
or intermittent welds are acceptable, depending on service conditions. 

Attachments may be welded to the piping system after performance of the 
pressure test provided the welds do not require postweld heat treatment (PWHT); 
welds shall be restricted to fillet welds not exceeding % in (9.5 mm) throat thickness 
and to full penetration welds attaching materials not exceeding !^ in (12.7 mm) in 
thickness; welds shall not exceed a total length of 24 in (60 cm) for fillet welds or 
12 in (30 cm) for full penetration welds; and welds shall be examined as required 
by the code. 

The need for and temperature of preheat are dependent on factors such as the 
chemical analysis, degree of restraint of the parts being joined, elevated temperature, 
physical properties, and material thicknesses. Postweld heat treatment must provide 
the required heating and cooling rates, metal temperature, metal temperature uni- 
formity, and temperature control. 

The threads of all bolts or studs shall be engaged in accordance with the design. 
Any lubricant or compound used in threaded joints shall be suitable for the service 
conditions. All threading lubricants or compounds shall be removed from surfaces 
which are to be seal-welded. In bolting gasketed flanged joints, the contact faces 
of the flanges shall bear uniformly on the gasket in accordance with the design 
principles applicable to the type of gasket used. All flanged joints shall be made 
up with uniform bolt stress. 


Examination, Inspection, and Testing. The inside of all pipes, valves, fittings, 
traps, and other apparatus shall be smooth, clean, and free from all blisters, loose 
mill scale, sand, and dirt when erected. All main steam lines and significant branch 
lines shall be steam-blown before placing in service. 

Steam piping in power plants must be examined, inspected, and tested in accor- 
dance with the appropriate code. The following discussion summarizes several 
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general requirements for ASME Class 2 piping,! but specific codes should be re- 
viewed as applicable. 

The examinations required by the code shall be performed by personnel who 
have been qualified as required by code, and results of the examinations shall be 
evaluated in accordance with the specified acceptance standards. 

Following any nondestructive examination in which examination materials are 
applied to the piece, the piece shall be thoroughly cleaned in accordance with 
applicable materials or procedure specifications. 

Acceptance examinations of welds and weld metal cladding shall be performed 
at the following stipulated times during fabrication and installation. 


1. Radiographic examination of welds will usually be performed after an intermedi- 
ate or final PWHT, when required. 


2. Magnetic particle or liquid penetrant examinations of welds shall be performed 
after any required PWHT, except that welds in P-No. 1 materials may be exam- 
ined either before or after PWHT. 


3. All dissimilar metal weld joints such as in austenitic or high nickel to ferritic 
material or using austenitic or high nickel alloy filler metal to join ferritic materials 
which penetrate the wall shall be examined after final PWHT. 


4. The magnetic particle or liquid penetrant examination of weld surfaces that are 
to be covered with weld metal cladding shall be performed before the weld metal 
cladding is deposited. The magnetic particle or liquid penetrant examination of 
weld surfaces that are not accessible after a PWHT shall be performed prior 
to the operation which caused this inaccessibility. These examinations may be 
performed before PWHT. 


5. Ultrasonic examination of electroslag welds in ferritic materials shall be per- 
formed after a grain refining heat treatment, when performed, or after final 
PWHT. 


The codes provide specific acceptance standards for radiographic, ultrasonic, 
magnetic particle, liquid penetrant, and metallographic examination of all compo- 
nents. Unique examination requirements are usually specified for bellows expan- 
sion joints. 

Pressure Testing. Before installation, all valves, fittings, and so forth shall be 
capable of withstanding an appropriate hydrostatic shell test, and piping shall be 
capable of meeting the hydrostatic test requirements contained in the respective 
material specifications under which it was purchased. All pressure-retaining compo- 
nents, appurtenances, and completed systems shall be pressure tested. Bolts, studs, 
nuts, washers, and gaskets are exempted from the pressure test. Pressure testing 
required by the applicable code often must be performed in the presence of the in- 
spector. 

After installation, the complete system shall be hydrostatically tested as noted 
in Table C3.9. When conducting pressure tests at low metal temperatures, the 
possibility of brittle fracture shall be considered. At no time during the hydrostatic 
test shall test pressure exceed the maximum allowable test pressure of any noniso- 
lated components, such as vessels, pumps, or valves. Nor shall any of the maximum 
allowable stress limits be exceeded for any components being tested. 

Following the application of the hydrostatic test pressure for the required time, 
all joints, connections, and regions of high stress (such as regions around openings 
and thickness transition sections) shall be examined for leakage, except in the case 
of pumps and valves, which shall be examined while at test pressure. The piping 
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TABLE C3.9 Selected Hydrostatic Test Pressure and Allowable Limits? 


Code class and 
category of 
component 


Hydro test pressure 
as a multiple of the 
design pressure (DP) 


Maximum allowable stress at test 
temperature, circumferential (hoop) 
stress, if not noted otherwise 


ASME Class 1 
Vessels 
Piping 
Equipment 
Valves 
Relief valves 
ASME Class 2 and 3 


1.25 times DP 
1.25 times DP 

1.5 times DP 

Per NB-3531! 

1.5 X set pressure 


Note 1 
Note 1 
Note 1 
Per NB-3531! 
Per NB-3531! 


Vessels 1.25 times DP Note 2 

Piping 1.25 X DP, Note 3 Note 2 

Equipment 1.5 times DP Note 2 

Valves Per NC/ND-3500! Per NC/ND-3500! 

ASME B31.1 

System 1.5 times DP 90% of yield strength, Note 4 
Piping 1.5 times DP 9096 of yield strength, Note 4 
Equipment Note 5 Note 5 

Valves Note 5 Note 5 


Notes: 1. Primary membrane stress intensity less than 90% of tabulated yield strength at test tempera- 

ture and other limits in NB-3226.' 

2. Primary membrane stress intensity less than 9096 of tabulated yield strength at test tempera- 
ture and other limits in NC-3218.! 

3. As an alternative, piping between the discharge side of a centrifugal pump and the first 
shutoff valve may be hydrostatically tested at the shutoff head of the pump (NC/ND-6221?). 

4. In addition, the sum of longitudinal stresses due to test pressure and live and dead loads 
at the time of test, excluding occasional loads, shall not exceed 9096 of the yield strength 
at test temperature (Para. 102.3.3?). 

5. Hydrostatic test pressure shall not exceed the maximum allowable test pressure of any 
nonisolated components, such as vessels, pumps, or valves. 


system, exclusive of possible localized instances at pump or valve packing, shall 
show no visual evidence of weeping or leaking. Leakage of temporary gaskets and 
seals, installed for the purpose of conducting the hydrostatic test, and which will 
be replaced later, may be permitted unless the leakage exceeds the capacity to 
maintain system test pressure for the required amount of time. Other leaks, such 
as from permanent seals, seats, and gasketed joints in components, may be permitted 
when specifically allowed by the design specifications. 

The component or system in which the test is to be conducted shall be vented 
during the filling operation to minimize air pocketing. Water or an alternative 
liquid, as permitted by the design specification, shall be used for the hydrostatic 
test. It is recommended that the test be made at a temperature that will minimize 
the possibility of brittle fracture. The test pressure shall not be applied until the 
component, appurtenance, or system and the pressurizing fluid are at approximately 
the same temperature. 

The pressure test may be performed progressively on erected portions of the 
system. Components and appurtenances shall be pressure-tested prior to installation 
in a system except that the system pressure test may be substituted for a component 
or appurtenance pressure test provided the following is true: The component can 
be repaired by welding, if required, as a result of the system pressure test; the 
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component repair weld can be postweld heat-treated, if required, and nondestruc- 
tively examined, as applicable; and the component is resubjected to the required 
system pressure test following the completion of repair and examination if the 
repair is required to be radiographed. Valves also require pressure testing prior to 
installation in a system. 

All joints, including welded joints, shall be left uninsulated and exposed for 
examination during the test. Components designed to contain vapor or gas may be 
provided with additional temporary supports, if necessary, to support the weight 
of the test liquid. Expansion joints shall be provided with temporary restraints, if 
required, for the additional pressure load under test. Equipment that is not to be 
subjected to the pressure test shall be either disconnected from the component or 
system or isolated during the test by a blind flange or similar means. Valves may 
be used if the valves with their closures are suitable for the proposed test pressure. 
Flanged joints at which blanks are inserted to isolate other equipment during the 
test need not be retested. If a pressure test is to be maintained for a period of time 
and the test medium in the system is subject to thermal expansion, precautions 
shall be taken to avoid excessive pressure. The test equipment shall be examined 
before pressure is applied to ensure that it is tight and that all low-pressure filling 
lines and other items that should not be subjected to the test have been disconnected 
or isolated. 

The hydrostatic test requirements for bellows expansion joints require that the 
completed expansion joint shall be subjected to a hydrostatic test in accordance 
with the applicable code. This test may be performed with the bellows fixed in the 
straight position, at its neutral length, or in some cases, this test shall be performed 
with the bellows fixed at the maximum design rotation angle or offset movement. 

Pressure test gauges used in pressure testing shall be indicating pressure gauges 
and shall be connected directly to the component. If the indicating gauge is not 
readily visible to the operator controlling the pressure applied, an additional indicat- 
ing gauge shall be provided where it will be visible to the operator throughout the 
duration of the test. For systems with a large volumetric content, it is recommended 
that a recording gauge be used in addition to the indicating gauge. All test gauges 
shall be calibrated against a standard dead-weight tester or a calibrated master 
gauge. The test gauges shall be calibrated before each test or series of tests. 

When hydrostatic testing is impractical, it shall be required that the piping be 
tested with steam at a pressure at least equal to the pressure at which the piping 
is to be operated. These tests shall be made on sections, or on the whole of the 
piping system, but the connections between the sections must be similarly tested. 


Special Design Criteria 


Overpressure Protection.  Overpressure protection of the components in a steam 
system shall be provided as an integrated system using pressure-relief devices and 
associated pressure-sensing elements. Detail requirements for overpressure protec- 
tion for ASME Class 1, 2, and 3 systems are provided in Articles NB-7000, NC- 
7000, and ND-7000,! respectively. 

Each main steam lead generally has safety valves at the superheater outlet and 
often a motor-operated block valve which is used for isolation. A main steam stop 
valve at the boiler outlet facilitates boiler hydro testing prior to completion of 
turbine erection; whether to provide it is a matter of economics. In the case of two 
leads, the cross-connection between the two main steam leads shall permit full- 
closed testing of one turbine stop valve at a time while the turbine is operating. 
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The cross-connection line may have connections to the steam-generator feed pump 
turbines, auxiliary steam loads, turbine-generator gland seal system, and the steam- 
generator restart system, depending on system design requirements. 


Protecting District Heating and Steam Distribution Systems. Construction of 
underground steam mains must adhere to the requirements as provided for in 
Section 122.14 of ASME B31.1? when the piping is within the jurisdiction of ASME 
B31.1. Where pressure-reducing valves are used, one or more relief devices or 
safety valves are provided on the low-pressure side of the system. The relief or 
safety devices are located as close as practicable to the reducing valve. The combined 
relieving capacity provided must be such that the design pressure of the low-pressure 
system will not be exceeded if the reducing valve fails to open. 

In district heating and steam distribution systems where the steam pressure does 
not exceed 400 psi (2760 kPa) and where the use of relief valves as previously 
described is not feasible, alternative designs may be substituted for the relief devices. 
For example, this could occur if there is no acceptable discharge location for the 
vent piping. Two or more steam-pressure-reducing valves capable of independent 
operation may be installed in series, each set at or below the safe working pressure 
of the equipment and piping system served. In this case, no relief device is required. 
A trip-stop steam valve set to close at or below the design pressure of the low- 
pressure system may be used in place of a second reducing valve or a relief valve. 


Design of Restrained Underground Piping. Appendix VII in B31.1? provides non- 
mandatory procedures which may be conservatively applied to the design and 
analysis of buried piping systems. Buried piping is supported, confined, and re- 
strained continuously by the passive effects of the backfill and the trench bedding. 
The effects of continuous restraint cannot be easily evaluated by the usual methods 
applied to exposed piping, since these methods cannot easily accommodate the 
effects of bearing and friction at the pipe/soil interface. All components in the 
buried system must be given consideration, including the building penetrations, 
branches, bends, elbows, flanges, valves, grade penetrations, and tank attachments. 
Welds should be made in accordance with the B31.1 code, and appropriate corrosion 
protection procedures for buried piping are to be followed. 


Preventing Turbine Overspeed. Turbine water induction problems from main 
steam lines would normally only occur during start-up or shortly after shutdown, 
so prevention criteria are limited to low-point drain design per ASME Standard 
No. TDP-1.% Steam storage in the turbine, reheater, and reheat piping presents a 
problem in turbine speed control because surplus energy can continue to be gener- 
ated in the IP and the LP sections for some time after the main governor has 
reacted to a load decrease. This condition could result in dangerous overspeeding. 
To prevent this, governor-operated intercept valves are installed ahead of the point 
of reintroduction of the reheated steam to the turbine. The IVs are adjusted to 
begin closing when the normal speed is exceeded but before turbine speed has 
increased to the point (approximately 10 percent over normal RPM) where an 
emergency overspeed trip would shut down the whole unit. 


Understanding Reheat Steam Systems 


Advantages of Reheat Cycles. The example of power plant cycle efficiency im- 
provement by increased initial steam conditions in “Design Temperature" suggests 
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that maintaining the initial temperature constant over a range of pressures (as in 
the Carnot Cycle) might also prove fruitful. This would require reheating the main 
steam to its initial temperature again after each infinitesimal amount of expansion 
in the turbine. Such a cycle might be said to have an infinite number of reheats. 

There is also another important advantage derived from using steam reheat in 
a power cycle. Reheating is a feature associated with high steam pressures where 
there is insufficiently high initial steam temperature to yield an expansion that will 
end with an acceptable moisture content at the condenser pressure. This limit of 
moisture at the last stage of a turbine is roughly 12 to 14 percent. Moisture in the 
steam flow causes erosion of turbine buckets, shortening their useful life, and also 
results in an efficiency loss in the turbine. The purpose of reheat is to take full 
advantage of higher initial steam parameters discussed in *Design Temperature" 
as they become commercially available. 


Reheat Performance Efficiency. The number of reheats to be used must be evalu- 
ated. The high-pressure, high-temperature steam generator, together with the extra 
cost of a turbine, piping, and controls, makes plants with reheat more expensive 
than those without this feature. Economically, single reheating has proved desirable 
on most machines above 100 MW. In actual practice the gain from single reheating 
is about 4 to 7 percent in thermal efficiency over an equivalent nonreheat cycle. 
The gain in performance which can be realized from a second reheating is smaller 
than that from the first. For large units operating at 3500 psig (24.2 MPa), the gain 
in performance due to a second reheat is in the neighborhood of 2 percent of the 
net heat rate (see Fig. C3.8). Performance gains for additional reheats diminish 
rapidly, and the justification for greater expenditures for equipment depends 
strongly upon the price of fuel. 

For every set of initial steam conditions there exists an optimum reheat pressure 
(or pressures in a double-reheat cycle) which yields the maximum efficiency (mini- 
mum heat rate) of the power plant. Studies made of the performance and economic 
application of single-reheat cycles indicate that for a seven (or less) feedwater 
heater cycle the cold reheat pressure is adjusted by the turbine manufacturer to 
provide either the optimum or desired final feedwater temperature. If eight (or 
more) feedwater heaters are used, it proves economical to design the cycle with 
the first point heater located above the reheat point (HARP extraction). Figure 
C3.19" indicates typical optimum reheat pressures corresponding to 2400 psig/ 
1000°F/1000°F (16.6 MPa/538°C/538°C) steam conditions for units taking extraction 
for the top heater at the reheat point (curve marked “Top heater at reheat point”) 
or above the reheat point where the optimum reheat pressure is found at the low 
point of a curve corresponding to required final feedwater temperature. 

Itisseen from this figure that minor deviations from the optimum reheat pressure 
have a small effect on performance; however, the performance penalties should 
always be estimated. Size of the turbine, throttle temperature, and reheat tempera- 
ture have a relatively minor effect on the indicated optimum conditions, and Fig. 
C3.19 may therefore be considered as reasonably accurate for any single-reheat 
unit at indicated throttle pressure. However, if more accurate information is needed, 
it should be obtained from the turbine manufacturer. It should be noted that the 
relative performance indicated applies only at rated output. 

The selection of optimum reheat pressures for a double-reheat turbine is an 
involved problem. It is affected not only by thermodynamic optimization but also 
by design limitations (e.g., second-reheat intercept-valve pressure must be fixed at 
about 300 to 400 psia (2070 to 2760 kPa) at rated conditions due to the very large 
volumetric steam flows which would result at lower pressures). Figures C3.20 and 
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single-reheat units with various combinations of first- 
reheat intercept-valve pressure and final feedwater tem- 
perature.” (Courtesy of General Electric Co.) 


C3.21? show the heat rate penalty which results from the use of reheat pressures 
other than optimum when the throttle pressure is 3500 to 4500 psig (24.2 to 31.1 
MPa), respectively, and the second cold reheat pressure is fixed at 300 psia (2070 
kPa). 

Tables C3.10? and C3.10M (Metric) compare the basic cycle parameters for the 
738-MW, 3500-psig (24.2-MPa) unit and the 900-MW, 4500-psig (31.1-MPa) design. 
The relatively higher first reheat pressure of the 4500-psig (31.1-MPa) cycle makes 
possible an additional attractive thermodynamic gain when an eighth feedwater 
heater, extracting steam from the first reheat section, is added to the cycle. The 
use of a heater above the reheat point in the 3500-psig (24.2-MPa) cycle will 
result in an improvement in the heat rate. In this case the required final feedwater 
temperature would set the limit on the HARP extraction pressure. 


Understanding the Extraction Steam System 


Regenerative feedwater heating improves the Rankine cycle efficiency. Itis achieved 
by withdrawing a portion of steam flowing through the turbine at a number of points 
along the flow path (extraction, bleeding). The steam so extracted is condensed in 
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FIGURE C3.20 Relative performance for typical 
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water temperature." (Courtesy of General Elec- 
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a series of heat exchangers (feedwater heaters) through which flows the feedwater 
from the condenser on its return to the steam generator. Bleeding is also advanta- 
geous for the turbine in that it reduces the mass flow rate of steam in the lower- 
pressure stages, which is a desirable feature from the turbine designer's point of 
view. In most cases it reduces the exhaust losses which occur between the last 
turbine stage and the condenser. 

One of the most frequent cycle changes which is considered in designing a power 
plant is whether to increase the number of feedwater heating extraction points. 
This problem does not have a simple answer applicable in every case. Theoretical 
prediction of a change in station heat rate, as published by many authors, is based 
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FIGURE C3.21 Relative performance for typical 
double-reheat units with various combinations of 
first-reheat intercept-valve pressure and final feed- 
water temperature." (Courtesy of General Elec- 
tric Co.) 


TABLE C3.10 Basic Cycle Parameters” 


738 MW, 3500 psig 
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900 MW, 4500 psig 


Maximum capability, MW 826 
Maximum throttle pressures, psia 3500 
First reheat intercept valve pressure, psia 980 
Second reheat intercept valve pressure, psia 340 
Final feedwater temperature, °F 548 
Number of feedwater heaters 7 


1000 
4500 
1360 
390 
590 
8 
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TABLE C3.10M (Metric) Basic Cycle Parameters? 


738 MW, 24.13 MPa 900 MW, 31.03 MPa 
gauge (3500 psig) gauge (4500 psig) 


Maximum capability (MW) 826 1000 
Maximum throttle pressure (MPa) 24.13 31.03 
First reheat intercept valve pressure (MPa) 6.76 9.38 
Second reheat intercept valve pressure (MPa) 2.34 2.69 
Final feedwater temperature (°C) 287 310 
Number of feedwater heaters 7 8 


on the assumption that the enthalpy (or temperature) rise is divided equally among 
the heaters. This is difficult to achieve in practice since the actual feedwater enthalpy 
rises in the heaters are determined by the extraction location available in the turbine. 
As a result, the heat-rate gains due to additional heaters typically may be only 
about one half the theoretical value. Normally for optimum application, the heater 
above the reheat point has a feedwater temperature rise of 50 to 100°F (10 to 38°C). 
The number of feedwater heaters to be used is also an economic consideration 
which must be determined on the basis of power plant cycle optimization. Recently, 
seven or eight heaters have been used in both fossil-fueled and nuclear power plants. 

It must be emphasized that the stage pressures at extraction points change with 
turbine load and are roughly proportional to the mass flow rate of steam to the 
following stage. 

In a multistring cycle when a heater is removed from service, the extraction cross- 
tie arrangement will be one of the deciding factors in the turbine load limitation. 
Extraction cross ties are the means by which extraction pipes at the same pressure 
level can be connected. 


EXPERIENCE FEEDBACK 


Use appropriate materials and welding processes and procedures for all piping. Be 
aware of erosion and corrosion problems in high-moisture-content steam lines 
(>5 percent moisture steam extraction lines) and in drain lines (feedwater heater, 
moisture separator, and reheat drain lines). 


Preventing Turbine Water Induction 


Turbine water induction prevention criteria for hot reheat lines in fossil-fired power 
plants are similar to those for main steam, that is, low-point drain design per ASME 
TDP-1.% Turbine water induction prevention criteria for cold reheat lines are more 
of a concern due to reheater atemperator (regulating the hot reheat steam tempera- 
ture) spray or feedwater heaters which extract steam from the cold reheat line. 
The special prevention criteria for cold reheat lines are specified in the ASME 
Standard No. TDP-1. For nuclear power plants with light water cooled reactors 
(PWR, BWR), cold reheat lines carry steam containing moisture. Therefore, the 
special prevention criteria specified in ASME Standard No. TDP-2’ must be applied. 
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REPAIRS, REPLACEMENTS, 
AND MODIFICATIONS 


Use of flanges in high-pressure and high-temperature steam may cause leakage 
problems. Defects in weld metal detected by examinations or by tests shall be 
eliminated and repaired when necessary or the indication reduced to an acceptable 
limit. Weld metal surface defects may be removed by grinding or machining and 
need not be repaired by welding, provided the remaining thickness of the section 
is not reduced below that required. The depression, after defect elimination, is 
blended uniformly into the surrounding surface; and the area is examined by a 
magnetic particle or liquid penetrant method in accordance with the code after 
blending. Defects detected by visual or volumetric method and located on an interior 
surface need only be reexamined by the method which initially detected the defect 
when the interior surface is inaccessible for surface examination. Excavations in 
weld metal, when repaired by welding, shall meet the requirements of the code. 
The repaired area shall be heat treated, if required. 

It is important, for the convenience of the operating and maintenance personnel 
and to minimize the possibility of making mistakes, that piping be arranged so as 
to make the purpose of each line and valve as obvious as possible. Good arrangement 
is especially important to personnel making repairs, replacements, and modifications 
to piping systems and components. Valves in general, and bypass valves in particular, 
should be installed so that their purpose is evident at a glance. It is desirable that 
bypass valves be grouped together where all can be seen at once rather than placed 
in scattered locations close to separate pieces of equipment. The possibility of an 
error in operation or maintenance procedures can be further reduced by stenciling 
the purpose of each line on the pipe close to its valve. A simple illustration of this 
point is shown in Fig. C322, a photograph of the piping for a small deaerator. 

A. good piping arrangement should utilize the foregoing criteria. It must also 


FIGURE C3.22 How to make the purpose of valves obvious. 


C.132 PIPING SYSTEMS 


be coordinated with the plant structure; heating, ventilating, and air-conditioning 
(HVAC) systems; electrical layout; equipment selection; and other local features 
that impact access, visibility, and related factors. The concepts in Chap. B1 and B3, 
the flow characteristics in Chap. B8, and the computer methods in App. E9 of 
this handbook provide guidance for the design phase of steam piping systems. 
Operational and life-extension phases must also be considered in steam systems. 
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This chapter discusses the building services piping for heating, cooling, and com- 
pressed air installed in industrial, institutional, commercial, and public buildings 
and multiunit residences. Generally building-services piping operates at relatively 
low temperatures and pressures. ASME Pressure Piping Code, Sec. B31.9, Building 
Services Piping, was developed to employ a simplified approach. ASME B31.9 
covers the piping which does not require the ranges of sizes, pressures, and tempera- 
tures covered in ASME Pressure Piping Code, Sec. B31.1, Power Piping. 


CONSTRUCTION CODES 


Every plot of land is under the authority of a jurisdiction. It is necessary to obtain 
a building permit from the authorities having jurisdiction over the property on 
which the building is to be placed. To obtain a permit the plans must show that 
the building is to be built in conformance with the building code which has been 
adopted by the local authority. The local authority has its own construction codes 
or has adopted one of the several national codes. 

Building codes are omnibus-type documents which treat all aspects of construc- 
tion and specify safety requirements as well as referencing safety codes written by 
other code-writing organizations. Building codes, safety codes, and standards are 
updated periodically by the issuing organizations, and the latest revision should 
be used. 

A listing of code-writing bodies and the specific sections of the codes which 
control piping follows: 


Building Codes 


International Mechanical Code—A comprehensive International Mechanical Code 
was prepared in 1995 by a development committee appointed by and consisting 
of representatives of Building Officials and Code Administrators International 
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TABLE C4.1 Safety Codes 


ASME — American Society of Mechanical Engineers 


BPVC— Boiler and Pressure Vessel Code 

Section I—Power Boilers 

Section IV—Heating Boilers 

Section VIII— Pressure Vessels 

Section IX— Welding and Brazing Qualifications 
ASME B31— Code for Pressure Piping 

B31.1— Power Piping 

B31.3— Process Piping 

B31.5— Refrigeration Piping 

B31.9— Building Services Piping 


NFPA —National Fire Protection Association 


National Fire Codes 

NFPA 30—Flammable and Combustible Liquids Code 

NFPA 30A—Automotive and Marine Service Station Code 
NFPA 31— Installation of Oil Burning Equipment 

NFPA 32— Drycleaning Plants 

NFPA 50— Bulk Oxygen Systems at Consumer Sites 

NFPA 51— Design and Installation of Oxygen-Fuel Gas Systems for Welding, Cutting, 
and Allied Processes 

NFPA 51B— Cutting and Welding Processes 

NFPA 54 (ANSI Z223.1)—National Fuel Gas Code 

NFPA 58— Storage and Handling of Liquified Petroleum Gases 
NFPA 88B— Repair Garages 

NFPA 99— Health Care Facilities 

NFPA 407— Aircraft Fuel Servicing 


(BOCA), International Conference of Building Officials (ICBO), and Southern 
Building Code Congress International (SBCCI). The International Mechanical 
Code is supported and maintained jointly by BOCA, ICBO, and SBCCI for use 
with each organization's family of codes. 

Requirements for piping were specified in the mechanical sections of the building 
codes and in the referenced safety sections. The 1995 edition of International 
Mechanical Code supersedes the earlier editions of the individual mechanical codes 
published by each code writing body, i.e., National Mechanical Code, Uniform 
Mechanical Code, and Standard Mechanical Code. When referenced, the applicable 
section of the ASME B31 Pressure Piping Code should be used. 


Safety Codes 


Safety codes give rules for the construction of piping systems. These codes are 
often listed as reference documents in building codes. They have also been adopted 
as law by some states. Applicable codes are listed in Table C4.1 


Component Standards 


Component standards list dimensions, chemical composition, and tensile strength 
of materials. They sometimes contain pressure-temperature ratings. These standards 
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are referenced in both the building codes and the safety codes. Component standards 
used for building piping are listed in Table C4. 


Responsibility 


The ultimate responsibility for the proper design and construction of a building 
and its various systems remains with the owner. The owner can use professionals 
and experts to do the actual work and perform the inspections, but in the event of 
a failure, the owner is the first person who will be sought out for satisfaction. Based 
on the requirements of the local law, however, the division of responsibility may 
differ from one jurisdiction to another. 


BASIC SYSTEMS 


Each piping system in a building is used to convey a fluid to heat, cool, or perform 
some other service. Energy must be used to move the fluid: For a liquid, the energy 
is provided by a pump; for steam systems, a boiler; and for compressed air, a 
compressor. Systems fall into two broad categories: 


1. Recirculating 
2. Distributing 


Steam 


Steam systems are usually of a recirculating type to return the condensate to the 
boiler. If the condensate is not recoverable or may be contaminated, it is wasted 
and the system becomes, in effect, distributive. The return of a steam-recirculating 
system is in the form of liquid condensate which is recovered through steam traps 
which pass the condensed steam in the form of a liquid but do not pass steam. 
Steam piping should be pitched downward in the direction of steam flow. Steam 
takeoffs should always be from the top of the main. As condensation is constantly 
occurring due to heat loss through the pipe walls, a trap must be installed at any 
rise in pipe elevation, at the end of horizontal mains, and at intermediate points 
of long runs. Traps are also used at the discharge of heating devices such as radiators, 
unit heaters, and steam coils. 

The condensate system should be pitched downward in the direction of flow to 
the boiler or recovery tank. If it is not feasible to have continuous pitch to the 
boiler, a condensate pump can be used and the pump discharge line can change 
elevation as needed. 

Some small low-pressure systems do not use traps; the condensate returns by 
gravity to the boiler through the supply or return pipes. All piping must pitch 
downward toward the boiler. Supply pipe-steam velocities should be kept low to 
prevent slugs of condensate from being carried along with the steam and producing 
loud knocks at changes in direction. Noise is apt to occur during warm-up when 
cold pipes result in heavy condensation. 
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TABLE C4.2 Component Standards 


Ferrous pipe and tubing 


ASME 
B36.10 
B36.19 

ASTM 
A53 
A106 
A135 
A139 
A211 
A312 
A377 
A539 


ANSI/AWWA 
A21.51/C151 


AGA/ANSI 
A21.52 


Welded and Seamless Wrought Steel Pipe 
Stainless Steel Pipe 


Pipe, Steel-Black and Galvanized, Welded and Seamless 

Seamless Carbon Steel Pipe for High Temperature Service 

Electric-Resistance-Welded Steel Pipe 

Electric Fusion Welded Steel Pipe 

Spiral-Welded Steel or Iron Pipe 

Seamless & Welded Austenitic Stainless Steel Pipe 

Ductile Iron Pressure Pipe 

Electric-Resistance-Welded Coiled Steel Tubing for Gas and Fuel 
Oil Lines 


Ductile Iron Pipe Centrifugally Cast in Metal Molds or Sand-Lined 
Molds for Water or Other Liquids 


Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined 
Molds for Gas 


Ferrous fittings and valves 


ASME 
B16.1 
B16.3 
B16.4 
B16.5 
B16.9 
B16.10 
B16.11 
B16.14 
B16.28 
B16.33 


B16.34 
B16.39 
B16.42 
B16.47 
ASTM 
A403 
MSS 
SP-43 
SP-76 
SP-70 
SP-71 
SP-72 
SP-78 
SP-83 
SP-84 
SP-85 


Cast Iron Pipe Flanges and Flanged Fittings 

Malleable Iron Fittings, Classes 150 and 300 

Cast Iron Threaded Fittings, Classes 125 and 250 

Pipe Flanges and Flanged Fittings 

Factory-Made Wrought Steel Butt-Weld Fittings 

Face-to-Face and End-to-End Dimensions of Valves 

Forged Steel Fittings, Socket-Weld, and Threaded 

Ferrous Pipe Plugs, Bushings and Lock Nuts with Pipe Threads 

Wrought Steel Butt-Weld Short Radius Elbows and Returns 

Manually Operated Metallic Gas Valves for Use in Gas Piping Systems 
up to 125 psig 

Valves—Flanged, Threaded, and Welding End 

Malleable Iron Threaded Pipe Unions, Classes 150, 250, and 300 

Ductile Iron Pipe Flanges and Flanged Fittings, Classes 150 and 300 

Large Diameter Steel Flanges 


Wrought Austenitic Stainless Steel Piping Fittings 


Wrought Stainless Steel Butt-Weld Fittings 

Butterfly Valves 

Cast Iron Gate Valves, Flanged and Threaded Ends 

Cast Iron Swing Check Valves, Flanged and Threaded Ends 

Ball Valves with Flanged or Butt-Weld Ends for General Service 
Cast Iron Plug Valves, Flanged or Threaded Ends 

Carbon Steel Pipe Unions, Socket-Weld or Threaded 

Steel Valves, Socket-Weld and Threaded Ends 

Cast Iron Globe and Angle Valves, Flanged and Threaded Ends 
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TABLE C4.2 Component Standards (Continued ) 


Copper and aluminum pipe and tubing 


ASTM 
B42 
B43 
B68 
B75 
B88 
B210 
B241 
B251 


B302 
B547 


Seamless Copper Pipe, Standard Sizes 

Seamless Red Brass Pipe, Standard Sizes 

Seamless Copper Tube, Bright Annealed 

Seamless Copper Tube 

Seamless Copper Water Tube 

Aluminum-Alloy Drawn Seamless Tube 

Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube 

General Requirements for Wrought Seamless Copper and Copper- 
Alloy Tube 

Threadless Copper Pipe 

Aluminum-Alloy Formed and Arc Welded Round Tube 


Copper and aluminum fittings and valves 


ASME 
B16.15 
B16.18 
B1622 
B1624 
B16.26 
B361 


MSS 
SP-80 


Cast Bronze Threaded Fittings, Classes 125 and 250 

Cast Copper-Alloy Solder Joint Pressure Fittings 

Wrought Copper and Copper-Alloy Solder Joint Pressure Fittings 

Bronze Pipe Flanges and Flanged Fittings, Classes 150 and 300 

Cast Copper-Alloy Fittings for Flared Copper Tubes 

Factory-Made Wrought Aluminum and Aluminum-Alloy Welding 
Fittings 


Bronze Gate, Globe, Angle, and Check Valves 


Other components and standards 


ASME 
B1.20.1 
B1621 
B16.25 
B18.2.1 
B18.2.2 

ASTM 
A36 
A183 
A193 


A194 


A307 

B32 
ANSI/AWWA 

A21.11/C111 


ANSI/AWS 
AS.1 
AS.2 
AS.3 


Pipe Threads 

Nonmetallic Flat Gaskets for Pipe Flanges 

Butt-Weld Ends for Pipe, Valves, Flanges and Fittings 
Square and Hex Bolts and Screws 

Square and Hex Nuts 


Structural Steel 

Carbon Steel Track Bolts and Nuts 

Alloy-Steel and Stainless Steel Bolting Materials for High Temperature 
Service 

Carbon and Alloy-Steel Nuts for Bolts for High Pressure and High 
Temperature Service 

Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength 

Solder Metal 


Rubber-Gasket Joints for Ductile Iron and Gray-Iron Pressure Pipe and 
Fittings 


Covered Carbon Steel Arc Welding Electrodes 
Iron and Steel Oxyfuel Gas Welding Rods 
Aluminum and Aluminum-Alloy Covered Arc Welding Electrodes 
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TABLE C4.2 Component Standards (Continued ) 


ANSI/AWS (Continued) 


AS.6 
AS.7 
AS.8 
AS.9 


AS.10 
AS5.12 
AS5.18 
AS.20 
AS.22 


MSS 
SP-6 


SP-25 
SP-58 
SP-69 
SP-89 
ASTM 
E488 


ANSI/AWWA 
A21.50/C150 


Covered Copper and Copper-Alloy Welding Rods and Electrodes 

Copper and Copper-Alloy Bare Welding Rods and Electrodes 

Brazing Filler Metal 

Corrosion-Resisting Chromium and Chromium-Nickel Steel Bare and 
Composite Metal Cored and Stranded Welding Electrodes and 
Welding Rods 

Aluminum and Aluminum-Alloy Bare Welding Rods and Electrodes 

Tungsten Arc Welding Electrodes (Non-Consumable) 

Carbon Steel Filler Metals for Gas Shielded Arc Welding 

Carbon Steel Electrodes for Flux Cored Arc Welding 

Flux Cored Corrosion-Resisting Chromium and Chromium-Nickel Steel 
Electrodes 


Standard Finishes for Contact Faces of Pipe Flanges and 
Connecting-End Flanges of Valves and Fittings 

Standard Marking System for Valves, Fittings, Flanges, and Unions 

Pipe Hangers and Supports— Materials, Design, and Manufacture 

Pipe Hangers and Supports— Selection and Application 

Pipe Hangers and Supports— Fabrication and Installation Practices 


Test Method for Strength of Anchors in Concrete and Masonry 
Elements 


Thickness Design of Ductile Iron Pipe 


Nonmetallic pipe and fittings* 


ASTM 
F412 
D1788 


D1527 
D2235 
D2468 
D3965 
D2581 


D2657 
D2666 
D3000 
D1248 


D2104 
D2447 
D2683 


D2737 
D3350 
D1784 


F437 
F438 


Definition of Terms Relating to Plastic Piping Systems 

Specifications for Acrylonitrile-Butadiene-Styrene (ABS) Plastics, 
Rigid 

ABS Plastic Pipe, Schs 40 and 80 

Solvent Cement for ABS Plastic Pipe and Fittings 

ABS Plastic Pipe Fittings, Sch 40 

Rigid ABS Compounds for Pipe and Fittings 

Specifications for Polybutylene (PB) Plastics Molding and Extrusion 
Materials 

Standard Practice for Heat-Joining Polyolefin Pipe and Fittings 

PB Plastic Tubing 

PB Plastic Pipe (SDR-PR) Based on Outside Diameter 

Specifications for Polyethylene (PE) Plastics Molding and Extrusion 
Materials 

PE Plastic Pipe, Sch 40 

PE Plastic Pipe, Schs 40 and 80, Based on Outside Diameter 

Socket-Type PE Fittings for Outside Diameter Controlled PE Pipe and 
Tubing 

PE Plastic Tubing 

Specifications for PE Plastic Pipe and Fittings Materials 

Specifications for Rigid Poly (Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds 

Threaded CPVC Plastic Pipe Fittings, Sch 80 

Socket-Type CPVC Plastic Pipe Fittings, Sch 40 
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TABLE C4.2 Component Standards (Continued ) 


ASTM (continued) 


F439 Socket-Type CPVC Plastic Pipe Fittings, Sch 80 

F441 CPVC Plastic Pipe, Schs 40 and 80 

F442 CPVC Plastic Pipe (SDR-PR) 

F493 Specification for Solvent Cements for CPVC Plastic Pipe and Fittings 

D2846 CPVC Plastic Hot- and Cold-Water Distribution Systems 

D1785 PVC Plastic Pipe, Schs 40 and 80 

D2241 PVC Pressure-Rated Pipe (SDR Series) 

D2464 Threaded PVC Plastic Pipe Fittings, Sch 80 

D2466 PVC Plastic Pipe Fittings, Sch 40 

D2467 Socket-Type PVC Plastic Pipe Fittings, Sch 80 

D2564 Solvent Cements for PVC Plastic Pipe and Fittings 

D2855 Practice for Making Solvent-Cemented Joints with PVC Pipe and 
Fittings 

D2310 Standard Classification for Machine-Made Reinforced Thermosetting- 
Resin Pipe (RTRP) 

D2517 Reinforced Epoxy Resin Gas Pressure Pipe and Fittings 

D2996 Filament-Wound Reinforced Thermosetting-Resin Pipe 

D3517 Fiberglass (RTRP) Pressure Pipe 

D3754 Fiberglass (RTRP) Sewer and Industrial Pressure Pipe 


* This list is limited to some of the basic piping standards. There are more than 200 ASTM standards 
relating to plastic pipe. 


Condenser Water 


A typical condenser-water system recirculates the water from the refrigeration 
machine condenser, through the pump, up to the sprays on the top of the cooling 
tower, and from the basin of the tower back to the condenser. Since this is an open 
system, expansion of the water is not a factor; the water level in the basin compen- 
sates. 

Because it is sprayed through the air, the water contains oxygen and other 
contaminants and becomes extremely corrosive. For many years chromates were 
used to inhibit steel-pipe corrosion with success. Recent environmental rules have 
prohibited chromate water treatment, and new methods which require closer control 
are being used. It is important to clean condenser-water systems carefully and 
monitor treatment closely to prevent the destruction of the piping system. 


Chilled Water 


Chilled water systems are closed recirculating systems and therefore require expan- 
sion tanks. An open expansion tank can be used at the highest point of the system, 
with makeup water provided through a tank level control device. Expansion can 
also be provided for by use of a closed hydropneumatic tank at any point in the 
system. For this type of tank the water level is maintained by a pressure pump 
controlled by a tank-level sensor. As sufficient air pressure must be maintained 
above the water in the tank to support the water to the highest point of the system, 
it is sometimes necessary to provide a method for increasing the air pressure in 
the tank. The tank must be constructed for the proper pressure, and a relief valve 
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must be provided. The corrosion problem is not as severe as in condenser-water 
systems, but water treatment should be used. 


Hot Water 


A high-temperature hot-water system is a closed recirculating system that returns 
the hot water to the boiler. High-temperature hot water is relatively high-pressure 
water distributed to the point of usage by means of pumps. High-temperature hot 
water can be directly piped to heating coils or to heat exchanger where it can be 
converted to a lower pressure system, steam, or low-temperature hot water. Gener- 
ally the circulation is limited to mechanical rooms for safety concerns. 

Low-temperature hot water is a relatively low-pressure recirculating system and 
requires an expansion tank when a heat exchanger is utilized for conversion. Air 
vents and air separators are required to remove trapped air which affects the flows. 
Because it is a secondary recirculating system, water treatment is required. Normally 
an expansion tank is a closed hydro-pneumatic tank equipped with an air diaphragm 
which is sized to meet the expansion of the fluid in the system. 


Compressed Air 


A compressed-air system is an example of a distributive system. The air is piped 
to its point of use for a control or tool system, at which point energy is recovered 
and reduced to atmospheric pressure and released. 


PIPE DESIGN 


Piping systems are designed to withstand the combined effects of the internal 

pressure and temperature of the contained fluid and other external stress-imposing 

forces such as expansion or contraction, support spans, earthquake, and wind. 
The internal pressure produces two types of stresses in the pipe: 


1. Hoop stress, also called the tangential stress, is the result of the radial pressure 
in the pipe. This force tends to split the pipe open along a seam. 


2. Longitudinal stress is caused by the force of the pressure on the end of the pipe. 
This force is exerted equally on a closed end such as a cap or on an open 
component such as an elbow. It acts along the axis of the pipe and tends to pull 
the pipe apart around its circumference or at a joint. Other longitudinal stresses 
are caused by the pipe acting as a beam between supports and by expansion or 
contraction where the pipe ends are fixed by anchors. 


Pressure 


The internal pressure of steam systems is the gauge pressure of the steam as 
determined by the boiler control or the setting of a pressure-reducing valve. For 
compressed air or other gasses, the gauge pressure is determined by the compressor 
control or the setting of a regulator. This pressure can be considered constant 
throughout the system. 
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For liquid piping systems the pressure at any point is determined by adding the 
pressure produced by the circulating pump to the static pressure. The static pressure 
is calculated in a state of no flow (pump off) and is the result of the weight of the 
liquid in the pipe from the highest point of the system to the lowest. This pressure 
varies with the elevation of each point in the piping. 

The pressure in liquid-piping systems is also referred to as head. This is the 
height of a column ofthe liquid in the pipe which would be supported by the pressure. 

The weight of one cubic foot (0.028 cubic meter) of water at Standard Tempera- 
ture and Pressure (STP) is 62.5 pounds (28.3 kg.). The footprint of a cubic foot is 
144 square inches. The weight per square inch of a column of water one foot high is: 


62.5/144 — 0.43 psi (3 kPa) or 
1 psi (6.9 kPa) = 2.3 ft (0.7 m) of water 


For circulating liquid piping systems, the datum pressure is at the expansion 
tank. With an open tank the pressure at the surface is atmospheric (0 psig). A 
hydropneumatic tank has a regulator or relief valve which determines the pressure 
on the surface of the water in the tank. The pressure at other points in the system 
is found by adding the pressure produced by the circulating pump to the static 
pressure of the system. For a flowing closed-loop system the pump pressure is 
highest at the pump discharge and will decrease, due to friction, as the fluid flows 
through the pipe and other elements of the system back to the pump suction. For 
a system which may have no flow with the pump running, the pump shutoff pressure 
may be imposed on the system, depending on the location of the expansion tank. 
See Fig. C4.1 for examples. 

In Fig. C4.1b a 30-story building with two subgrade levels could have a water 
piping-elevation difference of 400 ft (122 m) from the open expansion-tank water 
surface in the penthouse down to the pump in the basement. This is called a static 
head of 400 ft (122 m) the design static pressure would be calculated as follows: 


400 ft x 0.43 psi/ft — 172 psi (1186 kPa) 


Horizontal offsets in the piping system do not affect the static pressure. 

The total pump head is 70 ft, which is required to overcome the resistance of 
the system. The pump-discharge pressure in this example is 48 ft, or 21 psi, which 
when added to the static pressure would provide the system design pressure: 


Design pressure = 172 psi + 21 psi = 193 psi (1331 kPa) 


All pipe, fittings, valves, pumps, and heat exchangers on the pump-discharge 
part of the system must be designed to withstand this pressure at the lower elevation. 
If it is possible to block the flow in the system, a study should be made to see if 
the pump shutoff pressure may cause a higher design pressure. On the suction side 
of the pump, the design pressure will be 172 psi (118 kPa), which will be the pressure 
when the pump is not operating. It is advantageous to locate the heat exchangers and 
associated valves in the lower pressure portion of the piping system. At the higher 
elevations it is economical to use valves and fittings of a lower pressure class rating. 


Temperature 


The pipe-material temperature is considered to be the same as the temperature of 
the fluid in the pipe. For saturated steam systems it is the saturation temperature 
corresponding to the gauge pressure. The temperature is important since the 
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Elev. 
400' 
380' 
220' 
—15 + 180 
-90 + 180 
100' 
o 


—22 + 400 
—90 + 400 


LEGEND: 
{| Pressure drop through pipe segments and equipment expressed as feet of water. 


c Gauge reading, as sum of pump and static pressure, in feet of water. Values above 
the line are normal operating conditions. Values below the line are pressures if valve 
at "X" is closed while pump is running. The expansion tank location determines the 
pump pressure distribution. 


Ja Pump delivers 70 ft of head to overcome resistance of system. Shut-off head 90 ft. 
Note: 1 ft of water = 3 k Pa. 
(b) 


FIGURE C4.1 (a) Horizontal piping system; (b) vertical piping system. 
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strength of materials used in the systems decreases as the temperature rises. For 
ferrous materials in building systems fluid temperatures are not usually high enough 
to be a factor. However, copper and aluminum and the joints in these materials 
can be affected by the temperatures encountered. Thermoplastics, as a group, lose 
strength rapidly as the temperatures rise above 70°F (21°C). At 100°F (38°C) they 
have lost approximately 25 percent of their strength and at 140°F (60°C) less than 
50 percent remains. 


Allowable Stress 


Allowable stresses for pipe materials are tabulated in the safety codes listed in 
Table C4.1. As this chapter concerns piping in buildings, App. A of ASME B31.9, 
Building Services Piping, will be used for allowable stress values. 

The published allowable stresses are determined for various materials by using 
the lowest of the following criteria for each material: 


1. Cast iron or ductile iron 
a. One-tenth of the specified minimum yield strength at room temperature 
b. One-tenth of the tensile strength at the listed temperature 

2. Malleable iron 
a. One-fifth of the specified minimum tensile strength at room temperature 
b. One-fifth of the tensile strength at the listed temperature 

3. Other metals 
a. One-fourth of the specified minimum tensile strength at room temperature 
b. One-fourth of the tensile strength at the listed temperature 
c. Two-thirds of the specified minimum yield strength at room temperature 
d. Two-thirds of the yield strength at the listed temperature 

4. Thermoplastics 


a. One-half of the hydrostatic design basis at design temperature as determined 
by the methods in ASTM D2837 


5. Reinforced thermosetting resins 


a. One-half of the hydrostatic design basis at design temperature as determined 
by the methods in ASTM D2992 


The tensile and yield strengths are found in the standards listed in Table C42 
for each material specification. The shear and bearing stress values of pipe materials 
can be determined by applying multipliers: 


Shear stress — 0.8 x basic allowable stress 
Bearing stress — 1.6 x basic allowable stress 


When pipe is produced by a method of manufacture which results in a welded 
longitudinal seam, the basic allowable stress for the pipe is modified by a factor E, 
called the joint efficiency factor. Table C4.3 lists some piping materials used for 
building piping and the allowable stresses and E factors for each material. The listed 
values are SE, which is the product of the allowable stress S and the longitudinal joint 
efficiency factor E. 
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TABLE C4.3 Allowable Stresses 


Max allowable stress value SE (ksi) for metal temperature 


Strengths not over 
Material & Available 
ASTM Spec. sizes Min. tensile Min. yield 
no. Grade NPS (DN) E factor (ksi) (ksi) 0-100°F 200°F 300°F 400°F 
Carbon steel 
Seamless pipe and tube 
A 53 B Y to 26 (8 to 650) 1.00 60.0 35.0 15.0 15.0 15.0 15.0 
A 106 B YA to 30 (8 to 750) 1.00 60.0 35.0 15.0 15.0 15.0 15.0 
Electric resistance welded pipe and tube 
A 53 B 2 to 20 (50 to 500) 0.85 60.0 35.0 12.8 12.8 12.8 12.8 
A 135 B 2 to 30 (50 to 750) 0.85 60.0 35.0 12.8 12.8 12.8 12.8 
Furnace butt welded (continuous weld) pipe and tube 
A 53 F Y^ to 4 (15 to 100) 0.60 45.0 25.0 6.8 6.8 6.8 6.8 
Wrought welding fittings 
A 234 WPB V5 to 42 (15 to 1050) 1.00 60.0 35.0 15.0 15.0 15.0 15.0 


Stainless steel; welded pipe and tube 


A 312 TP304  Y4to 30 (8 to 750) 0.85 75.0 30.0 18.8 15.7 141 13.0 
A 312 TP316  Y4to 30 (8 to 750) 0.85 75.0 30.0 18.8 16.2 14.6 13.4 
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TABLE C4.3 Allowable Stresses (Continued) 


Max allowable stress value SE (ksi) for metal temperature 


Strengths not over 
Material & Available 
ASTM Spec. sizes Min. tensile Min. yield 
no. Grade NPS (DN) E factor (ksi) (ksi) 0-100°F 200°F 300°F 400°F 
Ductile iron 
C151/A21.51 4 to 48 (100 to 1200) — 60.0 42.0 42 4.2 4.2 42 
Aluminum Alloy; seamless pipe and tube 
B 241 3003 34to 24 (20 to 600) 0 14.0 — 34 34 24 14 
B 241 6061 34to 24 (20 to 600) T4 26.0 — 6.5 6.5 6.0 4.5 
Copper and copper alloys; seamless pipe and tube 
B 75 102-142 4-12 (8-300) annealed 30.0 9.0 6.0 4.8 4.7 3.0 
B 75 102-142 4-12 (8-300) light drawn 36.0 30.0 9.0 9.0 9.0 8.2 
B 75 102-142 4-12 (8-300) hard drawn 45.0 40.0 11.3 11.3 11.3 43 
B 88 102-122 4-12 (8-300) annealed 30.0 9.0 6.0 4.8 4.8 3.0 
B 88 102-122 4-12 (8-300) drawn 36.0 30.0 9.0 9.0 9.0 8.2 
Structural shapes for pipe supports 
A 36 — — — 58.0 36.0 11.6 11.6 11.6 11.6 
Bolts, nuts, and studs for flanges and supports 
A. 307 B — — 55.0 — 7.0 7.0 7.0 7.0 
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Pipe Wall Thickness 


The dimensions of steel pipe are governed by ASME B36.10M. This standard lists 
nominal pipe sizes (NPS) from NPS 1/8 to NPS 80 (DN 6 to DN 2000), with a 
range of wall thicknesses for each size. There are 23 different standardized wall 
thicknesses listed for NPS 8 (DN 200) pipe. Not all of the diameters and thicknesses 
are manufactured by the mills on a regular basis. Before making a selection check 
with a pipe supply warehouse for availability. Mills will make large quantities 
on order. 

Pipe sizes up to and including NPS 12 (DN 300) have a standardized outside 
diameter which is greater than the nominal size. For sizes NPS 14 (DN 350) and 
larger the outside diameter is equal to the nominal size. 

Two different systems for describing commonly used pipe-wall thicknesses have 
developed. The first, which has been used commercially for many years, uses 
these designations: 


STD Standard 
XS Extra strong, also called extra heavy 
XXS Double extra strong, also called double extra heavy 


The second system developed from an attempt to establish a set of schedule 
numbers. Each schedule was to designate a wall thickness for each pipe size so the 
pressure-carrying capacity would be the same regardless of size. Some schedules 
in use are 


Sch 40 Schedule 40 
Sch 80 Schedule 80 
Sch 160 Schedule 160 


Standard and Sch 40 are the same thickness through NPS 10 (DN 250). Standard 
wall thickness is ?6 (9.5 mm) in for all larger sizes, whereas Sch 40 becomes increas- 
ingly thicker. Extra strong and Sch 80 are the same thickness for all sizes through 
NPS 8 (DN 200). For all larger sizes extra strong pipe remains at ¥2-in (12.7 mm) 
wall thickness whereas Sch 80 becomes increasingly thicker. 

Even though pipe-stress calculations are seldom required for building piping, a 
brief review of the basics is given so that the principles can be understood. To find 
the required pipe-wall thickness to contain the fluid at the design pressure use the 
following formula: 


PD 


tn = >a 
2SE 


+A (C4.1) 


Conversely, to find the pressure a pipe of known wall thickness will withstand 
the formula is 


2SE (ty — A 
p — 28EC ) 


» (C4.2) 


where t, = minimum required wall thickness (in) 
P — internal design pressure (psig) 
D = outside pipe diameter (in) 
S — basic allowable stress (psi) 
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E = longitudinal joint efficiency factor 
A = allowance for corrosion, mill tolerance, joint preparation, mechanical 
strength, and so on 


For example, this is the procedure to find the proper wall for a NPS 2 (DN 
50) 125-psig (860 kg/mm?) steam line with threaded fittings using A53 Grade B 
ERW pipe: 


P — 125 psig (878 kg/mm?) 
D = 2.375 in (60 mm) 
SE — 12,800 psi (90,000 kg/mm?) 
= 0.012 in + A (0.3 mm + A) 


The factor A requires some consideration. The corrosion allowance depends on 
the expected service and the maintenance of a chemical water-treatment system. 
For closed systems a value of 0.025 in (0.6 mm) may be sufficient. For open systems 
a value of 0.065 in (1.6 mm) or higher may be needed. These values can be varied 
for the expected service conditions in the system being designed. The allowable 
mill minus tolerance for A53 pipe is given in the ASTM specification as 12.5 percent 
of the nominal wall thickness. If the pipe is to be threaded or grooved, the depth 
of the groove or the depth of the thread, as listed in Table C4.4, plus a tolerance 
of 0.015 in (0.4 mm) should be allowed. For threaded NPS 2 (DN 50) standard 
weight pipe which has a nominal wall thickness of 0.154 in (4 mm) the factor A 
will equal the sum of: 


Corrosion allowance — 0.025 
Mill tolerance = 0.125 X 0.154 = 0.019 
Thread depth (from Table C4.4) = 0.070 + 0.015 = 0.085 

Total A — 0.129 


Note: 1 in = 25.4 mm 
The minimum required wall thickness plus allowance is 


fm = 0.012 in + 0.129 in = 0.141 in (3.6 mm) 


Select the next larger commercially available wall thickness for use. In this 
case standard weight pipe with a wall thickness of 0.154 in (4 mm) is suitable for 
the service. 

Mechanical strength should be considered as the overriding wall thickness needed 
to withstand the shear loads at hangers, the rough handling during installation, and 
unanticipated use of the pipe such as for scaffolding or hoisting after installation. 

If in the above example the pipe was used for 5-psig (34 kPa) steam, the wall 
thickness needed to withstand the pressure would be 0.0005 in. The allowances do 
not change so the minimum pipe wall thickness required would be 0.0005 in (0.013 
mm) + 0.129 in, which is 0.1295 in (3.3 mm). This points out that the prime consider- 
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TABLE C4.4 Thread and Groove Depths (tolerances not included) 


Nominal pipe size (DN) Thread depth (in)* Groove depth (in)t 
Y% (15) 0.057 m 
% (20) 0.057 0.056 

1 (Q5 0.070 0.063 
1% (32) 0.070 0.063 
1% (40) 0.070 0.063 
2 (50) 0.070 0.063 
2% (65) 0.100 0.078 
3 (80) 0.100 0.078 
4 (100) 0.100 0.083 
5 (125) 0.100 0.084 
6 (150) 0.100 0.085 
8 (200) 0.092 
10 (250) 0.094 
12 (300) 0.109 
14 (350) 0.109 
16 (400) 0.109 
18 (450) 0.109 
20 (500) 0.109 
24 (600) 0.172 


* Dimension h, the height of thread, from ASME B1.20.1, Pipe Threads— General 
Purpose. Pipe more than 6 in is rarely threaded. 

+ Reference groove depth as listed by Victaulic Co. 

General Note: As the plus tolerance on the pipe's outside diameter increases, the fixed 
thread or groove diameter cuts away more of the pipe wall thickness. Victaulic limits the 
plus tolerance to V5 in. This is less than that allowed by ASTM A53 or A106. If the pipe 
is V& in oversize, the groove or thread depth is increased by about 30 percent. If large pipe 
is to be used for grooving, the plus tolerance should be stated on the pipe purchase order. 

Note: 1 in — 25.4 mm. 

For DN equivalents refer to Chap. A1 or App. E2. 


ation for low-pressure piping systems is the mechanical strength rather than pres- 
sure containment. 


Elbows, Bends, and Miters 


A change in pipe direction for building piping is done by using an elbow fitting. 
Bends and miters may also be used but are generally not economical when labor 
costs are high. 

Additional wall thickness must be provided when a bend is made, since the heel 
of the bend will stretch and thin. Table C4.5 gives the added thickness needed to 
provide the required minimum thickness in a 90? finished bend. The flattening of 
pipe during a bend should not result in a reduction of the original diameter by 
more than 8 percent. 

For miter joints, an angular offset of 3? or less is considered to be the same as 
a girth weld and does not require an increase in the calculated pipe-wall thickness. 
The angular offset is the change in direction of the axis of the pipe. A 3? offset 
will result in a miter angle of 1V? to be cut on the end of each of the pipe segments 
to be joined. Miters can be used for offsets from 3? to 45? at pressures of 50 psig 
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TABLE C4.5 Pipe Thickness for Bends 


Radius of bend pipe 


diameters* Thickness increaseT 
6 or greater 1.06t,, 

5 1.08t,, 

4 1.14t,, 

3 1.24t,, 


* The pipe diameter is the nominal diameter. 
+t, is the minimum required wall thickness. 


(345 kPa) or less. For miters at higher pressures the formulas in ASME B31.9 or 
B31.3 should be used. 


Pipe Branch Design 


Branch connections for pipe sizes under NPS 3 (DN 80) are usually made with 
threaded or grooved tees. For larger pipe sizes with welded joints, branches are 
made by using a welding tee, an integrally reinforced outlet fitting, or by welding 
the branch pipe directly to the main using a full-penetration weld. 

When welding the branch directly to the main, the opening in the main for the 
branch pipe weakens the main, and the need for added reinforcement to replace 
the removed material must be evaluated. Reinforcement is not needed when 


1. The branch connection is made using a fitting made to an ASME B16.9-listed 
standard 


2. The branch connection is made using a threaded or socket-weld coupling not ex- 
ceeding 
a. NPS 2 (DN 50) or 
b. One-fourth the nominal diameter of the main 
The coupling wall thickness should be not less than that of the branch pipe and 
welded to the main with a full penetration weld. 

3. An integrally reinforced outlet fitting is used 


Table C4.6 lists the maximum internal pressure permitted without reinforcement 
for various combinations of branch and main sizes for ASTM A53 Grade B and 
A106 Grade B pipe at 90? and 45? branch angles. For pressures higher than those 
listed, use a fitting or use the rules in ASME B31.1 for determining the required 
reinforcement and the method of application. 


Closures and Blanks 


Closures are made at the end of pipe runs using standard fittings such as caps, 
plugs, or blind flanges. A flat plate can also be used as a closure when it is welded 
to the pipe with a full penetration weld. 
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TABLE C4.6 Maximum Operating Pressures for Unreinforced Welded Branch 
Connections— Valid to 650°F—for ASTM A53, A135, and A106 Grade B Pipe. 


PIPING SYSTEMS 


S — 15,000 psi 
Standard weight pipe Extra heavy pipe 
NPS (DN) Pressure (psig) Pressure (psig) 
Main Branch 90? branch 45? branch 90? branch 45? branch 
3 (80) 2 (50) 842 713 1252 1076 
4 (100) 3 (80) 720 620 1105 963 
2 (50) 723 613 1096 942 
6 (150) 4 (100) 567 490 934 816 
3 (80) 583 502 955 831 
2 (50) 582 494 945 813 
8 (200) 6 (150) 489 426 826 724 
4 (100) 503 435 830 724 
3 (80) 515 444 846 735 
2 (50) 513 437 835 719 
10 (250) 8 (200) 443 387 667 586 
6 (150) 448 389 674 589 
4 (100) 458 396 674 587 
3 (80) 468 403 686 595 
2 (50) 465 398 674 580 
12 (300) 10 (250) 385 336 544 477 
8 (200) 387 337 570 499 
6 (150) 390 339 574 501 
4 (100) 356 345 573 498 
3 (80) 406 350 582 504 
2 (50) 404 345 570 491 
14 (350) 12 (300) 346 302 483 424 
10 (250) 352 307 498 436 
8 (200) 353 308 522 457 
6 (150) 356 309 525 459 
4 (100) 363 314 523 455 
3 (80) 371 319 531 461 
2 (50) 368 314 520 448 
16 (400) 14 (350) 301 263 420 368 
12 (300) 304 266 426 373 
10 (250) 310 270 439 384 
8 (200) 311 270 460 403 
6 (150) 313 272 463 404 
4 (100) 319 276 460 400 
3 (80) 325 280 467 404 
2 (50) 322 275 456 393 
18 (450) 16 (400) 265 231 369 323 
14 (350) 269 234 376 329 
12 (300) 272 237 381 333 
10 (250) 276 241 393 343 
8 (200) 277 241 412 360 
6 (150) 279 242 413 360 
4 (100) 284 246 411 357 
3 (80) 290 249 416 360 
2 (50) 287 245 406 350 
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TABLE C4.6 Maximum Operating Pressures for Unreinforced Welded Branch 
Connections— Valid to 650°F—for ASTM A53, A135, and A106 Grade B Pipe. S = 15,000 
psi (Continued ) 


Standard weight pipe Extra heavy pipe 
NPS (DN) Pressure (psig) Pressure (psig) 
Main Branch 90? branch 45? branch 90? branch 45? branch 

20 (500) 18 (450) 236 206 329 288 
16 (400) 239 209 333 292 

14 (350) 243 212 340 297 

12 (300) 245 214 345 301 

10 (250) 249 217 355 310 

8 (200) 250 218 372 325 

6 (150) 251 218 373 326 

4 (100) 256 221 371 322 

3 (80) 261 225 376 325 

2 (50) 258 221 366 315 

24 (600) 20 (500) 196 171 273 238 
18 (450) 198 173 276 241 

16 (400) 200 175 280 245 

14 (350) 203 177 285 249 

12 (300) 205 179 289 253 

10 (250) 209 182 298 260 

8 (200) 209 182 312 273 

6 (150) 210 182 313 273 

4 (100) 214 185 310 269 

3 (80) 218 188 314 272 

2 (50) 215 184 306 263 


Notes: Pressures change directly with the ratio of SE to S. 
1. For A53 Type F Butt Weld Pipe use a multiplier of 0.75. 
2. If the branch opening in the main cuts the stem of pipe with a longitudinal weld, multiply table 


values by 
Electric resistance weld pipe 0.85 
Type F butt weld pipe 0.45 


3. Based on the rules in B31.1. 

4. A 12% percent mill tolerance and a V&-in corrosion allowance have been used to calculate the pipe 
wall thickness for this table. 

5. Lin. = 25.4 mm. 

6. For DN equivalents refer to Chap. A1 or App. E2. 


The minimum thickness of the closure plate, tc, can be calculated by 
te =dV/CP/S+A (C4.3) 


where d = inside pipe diameter (in) 
C = 0.5t,/ T, but not less than 0.3 
tn = minimum required pipe-wall thickness (in) 
T — nominal wall thickness of pipe (in) 
P — internal design pressure (psi) 
S = maximum allowable stress of plate material (psi) 
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A blank can be installed between two flanges to close off a portion of a system. 
The minimum thickness of the blank, ¢,, can be calculated by 


tp = d, /3P/165 + A (C4.4) 


where d, — inside diameter of the gasket (in) 


When the blank is to be left in place during operation, use the same nomenclature 
as above. If the blank is to be used only during hydrostatic testing, P is the test 
pressure and S is 0.95 times the specified minimum yield strength of the blank ma- 
terial. 


PIPE MATERIALS 


Pipe, fittings, and valves suitable for building service piping systems are available 
in many different materials. A brief discussion of the advantages and disadvantages 
of commonly used materials follows. 


Steel 


Steel (ASTM A53, A106) is the most widely used material for pipe. Its advantages 
are strength, availability, and economy. Because of its wide use there is a large 
pool of skilled labor knowledgeable in its installation. The disadvantages of steel 
pipe are its weight and low resistance to corrosion. 


Copper 


Copper tube (ASTM B88) is widely used as a material for sizes up to 3 or 4 in. It 
is available up to 8 in and on order up to 12 in, but it is not usually economical in 
the larger sizes. ASTM B88 gives dimensions for copper tube up to NPS 12 (DN 
300) but it is not commonly made. Refer to App. E3M. 

The nominal sizes of copper tubing approximate the inside diameter. The outside 
diameter is always ¥% in (3 mm) larger than the nominal size. Copper tube for 
refrigerant service (ACR tube) is referred to by its actual outside diameter. 

Copper tube is furnished in two tempers—drawn and annealed. The pressure 
rating of annealed tube is about 60 percent of that of drawn tube. When joints are 
made by brazing, the tube in the vicinity of the joint becomes annealed and the 
annealed pressure rating should be used. Drawn tubing is used for most building 
applications. Drawn tubing has been work hardened and is furnished in straight 
lengths. In the annealed form the tube is soft and very easily bent. It is furnished 
in coils or straight lengths. 

Copper pressure tube is furnished in three standard thicknesses which vary with 
the size. The heaviest is Type K, followed by Type L and Type M. All three are 
suitable, but Type M is thin walled and does not have mechanical strength and is 
therefore easily damaged. 

The advantages of copper are its resistance to corrosion and the fact that it is 
light weight. It is not as strong as steel and not available in sizes over 12 in. Copper 
can readily be bent using bending tools which keep the tube from flattening. The 
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disadvantages of copper as a material are its low strength compared to steel and 
its high cost. The high cost is offset in the smaller sizes by the ease of installation. 


Red Brass Pipe 


Red brass pipe (ASTM B43) is made up to NPS 12 (DN 300) for standard weight 
and NPS 10 (DN 250) for extra strong weight. Copper tube has largely replaced 
brass pipe for reasons of economy. It is made to steel pipe dimensions and is 
sometimes used where the added mechanical strength is needed. 


Thermoplastics 


Thermoplastics, which are discussed in detail in Part D of this handbook, are widely 
used for liquids with temperatures up to 100°F (38°C) for PVC and 180°F (82°C) 
for CPVC. These plastics have exceptional resistance to corrosion, are light weight, 
easy to install, and readily available and economical. The disadvantages of thermo- 
plastics are lower strength, which necessitates short hanger spans, high coefficients 
of expansion, which must be compensated for when using long straight runs of pipe, 
and the emission of toxic fumes under fire conditions. Fire codes in some locations 
do not permit the use of some plastic materials. 

PVC pipe can be used as underground pressure pipe as well as for above- 
ground service. 


Thermosetting Resins 


Thermosetting resins are used for reinforced thermosetting resin pipe (RTPP), also 
called fiberglass reinforced plastic (FRP) pipe. This pipe is made in larger sizes and 
can be used at higher pressures and temperatures than thermoplastics. It is suitable 
for aboveground or underground service. Refer to Part D, Chap. D2 of this hand- 
book for more information. See manufacturers' data for specific ratings. 


Ductile Iron 


Ductile iron has replaced cast iron as water main pipe and is used for corrosion- 
resistant buried pipe. It is stronger and less brittle than cast iron. Ductile-iron pipe 
is made in standard thickness classes, the use of which is determined by the depth 
of bury and laying condition. This pipe is made in standard sizes from NPS 3 to 
NPS 54 (75 mm to 1350 mm). 


Stainless Steel and Aluminum 


Stainless steel and aluminum are expensive and therefore used only when corrosion 
resistance and strength are needed. Schedule 5S and Schedule 10S light-wall stainless 
pipe are commonly used to reduce cost. 
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Discontinued Pipe 


Discontinued pipe materials, which are no longer made, are A72 wrought iron pipe, 
low-alloy (Yoloy) pipe, and ASTM A120 steel pipe. 


PIPE FITTINGS AND JOINTS 


Pipe joints fall into two basic categories— restrained and unrestrained. Restrained 
joints have inherent mechanical properties that prevent the joint from separating 
axially as well as containing the fluid. Unrestrained joints rely on packing to contain 
the fluid and the friction of the packing to keep the joints from separating. Systems 
with unrestrained joints must be provided with external restraint if they are to 
withstand pressure. 

Bell and spigot piping is unrestrained. Mechanical joint and sleevetype couplings, 
which rely on a bolted gland retainer, are also unrestrained. 

Threaded, flanged, and grooved joints are restrained. Welded, soldered, brazed, 
flared, and compression joints are considered to be restrained but are dependent 
on the skill of the assembler. 

Some of the fittings discussed here are also made for higher pressures and 
temperatures than those mentioned. 


Steel Pipe 


Steel pipe is joined by threading, welding, or grooving. Threaded fittings are made 
of cast iron, malleable iron, ductile iron, and forged steel for joining pipe up to 
NPS 8 (DN 200). It is an industry standard, however, to change to welding or 
grooving at sizes above NPS 2 (DN 50). Threaded joints are made using ASME 
B1.20.1 standard taper pipe threads. Pipe lighter than standard weight must not 
be threaded. 

Cast iron threaded fittings (ASME B16.4) are made in Class 125 (standard) and 
Class 250 (extra heavy) and are used in most threaded applications. Cast iron is 
brittle, so if ductility or higher strength is required malleable- or ductile-iron fittings 
should be used. 

Malleable-iron threaded fittings (ASME B16.3) are made in Classes 150 and 
300 and are stronger and less brittle than cast iron. Care must be taken when 
threading steel pipe into Class 150 malleable-iron fittings. The joint can be overtight- 
ened since the malleable fitting will stretch. Two threads should be exposed on the 
pipe when the joint is properly made up. 

Ductile-iron threaded fittings are made in Class 300 and fall between the Class 
150 and 300 malleable-iron fittings in strength. There is no listed ASTM standard 
for ductile-iron threaded fittings. 

Forged-steel threaded fittings (ASME B16.11) are made in smaller sizes and have 
high pressure-temperature ratings. They are used primarily for high-pressure steam. 

Welding is normally used to join steel pipe from NPS 2 % (DN 65) and up. 
Welding fittings (ASME B16.9) are made to match steel-pipe diameters and wall 
thicknesses. They are furnished with a standard bevel end for butt welding to the 
pipe. Weld fittings have the same pressure-temperature ratings as the equivalent 
thickness scamless pipe. 
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For smaller sizes, forged steel socket-weld fittings (ASME B16.11) can be used 
for high-pressure service. 

Properly made welded joints are as strong as the pipe, do not deteriorate, and 
have a smooth inside contour to minimize friction losses. 

Flanges are used in large piping to connect to valves and equipment and to 
provide a means of disassembly in welded piping systems. Flanges are made of cast 
iron, ductile iron, bronze, and steel. 

Cast-iron threaded flanges and flanged fittings (ASME B16.1) are available in 
Classes 125 and 250. Ductile-iron threaded flanges and flanged fittings (ASME 
B16.42) are made in Classes 150 and 300. Threaded flanges are used for mounting 
equipment and valves in larger sized threaded pipe systems. 

Class 125 cast-iron flanges have a flat face and are often mated to Class 150 
steel flanges which have a raised face. Great care must be taken in tightening the 
bolts to avoid cracking the cast-iron flange. The steel flanges can be ordered with 
the raised face removed by machining. 

Steel flanges (ASME B16.5) are made in Classes 150 and 300 for the services 
discussed in this chapter. They are available for higher pressures up to Class 2500. 
Steel flanges are generally used in welded piping systems. These flanges are made 
in weld neck, slip-on, and socket weld configurations. Classes 150 and 300 have a 
raised face. 

Gasket material (ASME B16.21) should be suitable for the fluid and pressure 
to be contained. Full-face gaskets are used for flat-faced flanged joints and ring 
gaskets are used in raised-face joints. The flange bolts should be suitable for the 
pressure and flange facings. 

Grooved pipe-joining systems are made by several manufacturers, but as yet 
there is no ASME standard for dimensions or pressure ratings. All the leading 
manufacturers use the same "standard" cut-groove and roll-groove dimensions. 
The joint consists of a circumferential groove cut into the outside of each pipe, 
close to the end to be joined. A coupling with continuous internal ridges engages 
the grooves in the pipe, and a gasket inside the coupling is expanded by the pressure 
in the pipe and seals against the pipe and coupling. 

Grooves can be rolled into standard weight and lighter steel pipe. Cut grooves 
can be used on standard weight and thicker pipe. Gaskets are available for a great 
variety of liquids and gases. 

These systems are extremely versatile and offer many advantages. They are easy 
to install, have inherent expansion compensation and flexibility, and are easy to 
disassemble. Grooved systems are not recommended for steam. 


Copper Tube 


Copper tube is joined by soldering or brazing using solder joint fittings (ASME 
B16.18, B16.22) or using flare (ASME B16.26) or compression fittings. Solder joints 
are also referred to as sweat joints. 

Solder (ASTM B32) is defined as a filler metal whose melting point does not 
exceed 800°F (427°C). Brazing filler metals (ANSI/AWS A5.8) are specified as 
those whose melting points are 1000°F (538°C) or higher. Soldered and brazed 
joints rely on capillary attraction to draw molten filler metal into the gap between 
the socket on the fitting end and the tube. 

The strength of the joint depends upon the composition of the solder used. 
Brazing provides much stronger joints than soldering but anneals drawn tubing in 
the vicinity of the joint. It is against the law to use solders containing lead for 
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TABLE C4.7 Pressure Ratings of Copper Tube Joints* 


Tube size, Types K, L, and M (in) 


Service Water, noncorrosive liquids and gases Steam 

Solder or brazing alloy temperature 

used in joints (°F max.) V1 14-2  2ve-4  5-8t  10-12t All 
50-50 100 200 175 150 130 100 — 
Tin-lead 150 150 125 100 90 70 — 
Solder 200 100 90 75 70 50 — 
ASTM B32 Gr 50At 250 85 75 50 45 40 15 
95-5 100 500 400 300 270 150 — 
Tin-antimony 150 400 350 275 250 150 — 
Solder 200 300 250 200 180 140 — 
ASTM B32 GR 95TA 250 200 175 150 135 110 15 
Brazing alloys 200 $ § § § $ — 
ANSI/AWS A5.8 250 300 210 170 150 150 — 
(melting above 1000°F) 350 270 190 150 150 150 120 


* Ratings for solder joints are from ASME B16.22 and B16.18. Ratings for brazed joints and steam 
are from The Copper Tube Handbook, published by the Copper Development Association, Inc. 

+ B31.9 prohibits compressed air or other gases above 20 psig in these sizes. 

$ It is prohibited by law to use lead solder for potable water. 

$ The pressure rating of the tube determines the strength of this joint. 

Note: 1.8 °C = ^F — 32. 


drinking water—piping systems, but they can be used for heating, cooling, and other 
building-service applications. Table C4.7 gives working pressures for copper-tube 
joints made by soldering and brazing. 

Flared and compression-type fittings are made by many manufacturers for cop- 
per, steel, stainless steel, and aluminum tubing. Fittings are available for sizes NPS 
2 (DN 50) and under but are used primarily in sizes NPS 1 (DN 25) and under. 
These joints can be taken apart and reassembled with ease. The manufacturers’ 
catalogs give pressure ratings which can be as strong as the tube being joined. 

Grooved-joint couplings and fittings are made to match copper-tube sizes. Since 
tube walls are thin, roll grooving is used. 

Bronze pipe flanges and flanged fittings (ASME B16.24) are made in Classes 
150 and 300 and can be used to join copper tube to flanged valves or equipment. 


Red Brass Pipe 


Red brass pipe is joined in the smaller sizes using cast-bronze threaded fittings 
(ASME B16.15) which are made in Classes 125 and 250. ASME B16.24 flanges as 
mentioned above can be used for sizes above NPS 2 (DN 50). 


Plastics 


Plastic piping is the subject of Part D of this handbook. To aid those reading this 
chapter, a brief summary of joining methods and fittings is given here. 
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Solvent cementing is the most common method used for joining PVC (ASTM 
D2564, D2855), CPVC (F493) pipe, and ABS (D2235). Socket-type fittings are 
available in Sch 40 (PVC-ASTM D2466, CPVC-ASTM F438) and Sch 80 (PVC- 
ASTM D2467, CPVC-F439) for pressure systems to at least NPS 8 (DN 200). Check 
on availability before deciding to use larger sizes. Solvent cement joints are best 
made when the ambient temperature is between 40 and 100°F (4°C and 38°C). 

Threaded fittings up to NPS 4 (DN 100) are available for PVC (ASTM D2464) 
and CPVC (ASTM F437) piping systems. Only Sch 80 pipe should be threaded, 
and its pressure rating should be reduced by 50 percent. This type of joint can be 
taken apart and reassembled. 

Flanges are available with solvent cement sockets up to NPS 8 (DN 200) and 
are made to Class 125 dimensions. Threaded flanges are made up to NPS 4 (DN 
100). Flanges can be installed in cemented systems for ease in disassembly. An 
ASTM standard for thermoplastic flanges has yet to be developed. 

Heat joining methods are also available for certain polyolefin joints (ASTM 
D2657), particularly for polypropylene. Pipe and fittings of this plastic are used for 
acid-resistant drainage systems. A wire filament is embedded in the socket of the 
joint then electrically heated with a special timing device to fuse the joint. 

Bell and spigot PVC-pressure pipe (AWWA C900) is made for underground 
water mains. The bell is made to contain an elastomer gasket (ASTM F477), and 
the joint is assembled by pushing the spigot into the bell. RTRP can be joined 
using a special taper on the end of the pipe which can be cemented into a matching 
bell on a coupling or fitting. Refer to Part D of this handbook. 

Mechanical joint fittings (AWWA C110/ANSI A21.10) of ductile or cast iron 
can be used with PVC or RTRP pipe made to AWWA ductile-pipe dimensions 
(AWWA CI151/ANSI A21.51). 


Ductile Iron 


Ductile iron pipe is used primarily for underground systems. Fittings are rated in 
pressure classes (AWWA C110/ANSI A21.10). 

Bell and spigot fittings are available and made of cast or ductile iron with bell 
ends. Pipe is made with one end belled. An elastomer gasket fits into a special 
groove in the bell, and the plain end of the pipe to be joined is pushed into the 
bell. This can be difficult with large pipe. 

Mechanical joint fittings made from cast or ductile iron are available and are 
easier to work with in larger pipe sizes. The pipe is assembled into the bell before 
the gasket is in place, which reduces the friction. The gasket is then slid into the 
bell and a retainer ring is bolted into place to secure the gasket. 

Grooved couplings are available and made to fit AWWA ductile-iron pipe 
diameters (AWWA C151/ANSI A21.51) from NPS 3 to NPS 36 (DN 80-DN 900). 
Special cut grooves are needed on the pipe. Grooved fittings are not made. Bell 
and spigot or mechanical joint fittings can be used. 


Stainless Steel and Aluminum 


Stainless steel and aluminum pipe and fittings are joined using the same methods 
as those for steel. The availability of fitting sizes is limited and should be investigated 
before using them in design. 
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TABLE C4.8 Material Application Chart for Saturated Steam and Condensate*+ 


Pipe Fitting Valve 
Pressure Pressure Pressure 
ASTM Mfr. rating ASTM rating rating 
Line | Material standard process Weight Joint (psig) | Class Material Joint standard (psig) | Class Material Joint Type (psig) 
Low pressure to 15 psig; Medium pressure 16-90 psig 
A. (1) | Steel ASSB Type Std. Thread 230 125 Cast iron Thread B 16.4 125 125 Bronze Thread Gate 140 
F(CW) 
(2) | Steel AS3B Seamless Std. Thread 510 300 Ductile iron Thread — 430 Bronze Thread Ball 150 
(3) | Copper B 88 Drawn Type L 95-5 15 Wrought 95-5 B 16.22 15 
Solder copper Solder 
(4) | Copper B88 Drawn Type K Braze 120 Wrought Braze B 16.22 120 
copper 
NPS 215-12 
B. (1) | Steel ASSB ERW Std. Weld 530 Std Wrought steel Weld B 16.9 580 125 Cast Flange Gate 150 
iron 
(2) 150 Wrought steel Flange B 16.5 150 Steam Wafer Butter- 150 
trim fly 
(3) Std ERW steel 90° weld 375 
branch 
NPS 14-20 
C. (1) | Steel A53B ERW Std. Weld 335 Std Wrought steel Weld B 16.9 395 125 Cast Flange Gate 100 
iron 
(2) 150 Wrought steel Flange B 16.5 150 150 Ductile Flange Gate 208 
iron 
(3) Std ERW steel 90° weld 230 Steam Lug Butter- 150 
branch trim wafer fly 
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TABLE C4.8 Material Application Chart for Saturated Steam and Condensate*t (Continued ) 


Pipe Fitting Valve 
Pressure Pressure Pressure 
ASTM Mfr. rating ASTM rating rating 
Line | Material standard process Weight Joint (psig) | Class Material Joint standard (psig) | Class Material Joint Type (psig) 
High pressure 91 to 150 psig at 366°F 
NPS 2 & smaller 
D. (1) | Steel A53B ERW Std. Thread 645 250 Cast iron Thread B 164 250 200 Bronze Thread Gate 275 
(2) AS3B Seamless XS Thread 1215 300  Ductile iron Thread — 415 300 Bronze Thread Gate 410 
(3) A106 B Seamless Std Socket 1385 3000 Forged steel Socket B 16.11 2600 
weld weld 
(4) | Copper B 88 Drawn Type K Braze 120 Wrought Braze B 16.22 120 800 Forged Socket Gate 1710 
copper steel weld 
NPS 215-12 
E. (1) | Steel ASSB ERW Std Weld 530 Std Wrought steel Weld B 16.9 580 250 Cast Flange Gate 315 
iron 
(2) A53B Seamless Std Weld 620 300 Wrought steel Flange B 16.5 300 150 Ductile Flange Gate 204 
iron 
Std SML steel 90° weld 440 Steam Lug Butter- 200 
branch trim wafer fly 
NPS 14-20 
F. (1) | Steel ASSB ERW Std Weld 335 Std Wrought steel Weld B 16.9 395 150 Ductile Flange Gate 204 
iron 
(2) A53B Seamless Std Weld 395 300 Wrought steel Flange B 16.5 300 Steam Lug Butter- 200 
trim wafer fly 
(3) AS3B Seamless XS Weld 560 Std ERW steel 90° weld 230 
branch 
(4) XH SML steel 90? weld 360 
branch 


* Pressure ratings for steel pipe are calculated using a mill tolerance of —12.5 percent of the wall thickness, the 
thread or groove depth, a corrosion allowance of 0.025 in for pipe to NPS 2, and 0.065 in for 2%-in and larger pipe. 
No pipe reinforcement value is applied for the strength of threaded fittings or grooved couplings. 

+ Pressure ratings are for the highest temperature and largest pipe size in each group. Higher ratings can be found 
for lower temperatures and smaller pipe sizes. 
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TABLE C4.9 Material Application Chart for Water Systems*,t,t 


Pipe Fitting 
Pressure rating 
@ @ @ 
ASTM Mfr. Wall 75°F IWE 220F 
Line Material standard process thickness Joint (psig) (psig) (psig) Material Class 
In the building or above ground 
NPS 2 and smaller 
G. (1) | Steel A53B_ Type Std. Thread 230 230 230 | Cast iron 125 
F(CW) 
(2) | Steel ASSB Type Std. Groove 275 275 275 | D.I. or M.I. 
F(CW) 
(3) | Steel ASSB Type Sch 10 Roll groove 400 400 400 
F(CW) 
(4) | Copper B 88 Drawn Type L 95-5 solder 400 350 220 | Wrought copper 
(5) | Copper B 88 Drawn Type K Braze 380 380 300 | Wrought copper 
(6) | Steel A53B_ Seamless Std Thread 510 510 510 | Cast iron 250 
(7) | Steel ASS3B Seamless Std Groove 605 605 605 | Malleable iron 150 
(8) | CPVC F441 Seamless Sch 40 Solvent 280 125 NR | CPVC Sch 40 
NPS 215-12 
H. (1) | Steel A53B ERW Std Weld 530 530 530 | Wrought steel Std 
(2) | Steel A53B ERW Std Groove 310 310 310 | D.I. or M.I. 
(3) | Steel A53B Seamless Std Weld 620 620 620 | Cast iron 125 
(4) | Steel A53B Seamless Std Groove 365 365 365 | Wrought steel 150 
(5) Std ERW steel unreinforced 90° 
weld branch 
(6) Wrought steel 300 
(7) | Copper B 88 Drawn Type L 95-5 solder 150 150 130 | Wrought copper 
(8) | Copper B 88 Drawn Type L Braze 260 220 190 | Wrought copper 
(9) | Copper B 88 Drawn Type K  Braze 380 320 285 
(10) | Copper B 88 Drawn Type L Roll groove 300 300 300 | Wrought copper (to 6 in) 
(to 6 in) 
(11) | CPVC F 441 Seamless Sch 40 Solvent 130 70 NR | CPVC (to 6 in) Sch 40 
(12) | CPVC F 441 Seamless Sch 80 Solvent 230 105 NR | CPVC (to 6 in) Sch 80 
NPS 14-20 
L (1)|Steel A53B ERW Std Weld 335 335 335 | Wrought steel Std 
(2) | Steel A53B ERW Std Groove 195 195 195 | D.I. or M.I. 
(3) | Steel AS3B Seamless Std Weld 395 395 395 | Cast iron 125 
(4) | Steel AS3B Seamless Std Groove 230 230 230 | Wrought steel 150 
(5) Std ERW steel unreinforced 90° 
weld branch 
(6) Wrought steel 300 


MATERIAL SELECTION 


The selection of the material to be used for each system is based on an evaluation 
of the following factors: 


1. Requirements and limitations of the building and piping codes 
2. The fluid in the pipe 

3. The pressure and temperature of the fluid in the pipe 

4. The location and external environment of the pipe 
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Fitting Valve 
Pressure rating Pressure rating 
e e e @ @ @ 
ASTM 75°F  150F 220(F 75°F  150F 220F 
Joint standard (psig) (psig) (psig) | Class Material Type Joint (psig) (psig) (psig) 

Thread B 16.4 175 175 160 125 Bronze Gate Thread 200 200 180 

Groove — 500 500 500 Bronze Ball Thread 400 400 400 

95-5 solder B 1622 375 320 220 Bronze Ball 95-5 solder — 400 350 220 

Brazed B 16.22 445 375 310 200 Bronze Gate Thread 400 400 365 
Thread B 16.4 400 400 360 
Thread B 16.3 300 300 255 

Solvent F 438 280 125 NR CPVC Ball Socket 50 00 NR 

Weld B 16.9 510 510 510 125 Cast iron Gate Flange 50 50 130 

Groove — 500 500 500 150 Ductile iron Gate Flange 250 250 230 

Flange B 16.1 200 200 180 250 Cast iron Gate Flange 500 500 445 

Flange B 16.5 285 270 250 Buna-Nliner Butterfly Wafer 50 50 NR 

375 375 375 EPDM liner Butterfly Wafer 50 50 150 

Flange B 16.5 720 710 695 Hi-service Butterfly Lug 250 250 250 
95-5 solder B 16.22 150 150 130 

Braze B 16.22 380 320 285 200 Cast iron Plug Flange 200 200 180 

500 Cast iron Plug Flange 500 500 445 
Roll groove — 300 300 300 
Solvent F 438 180 80 NR 
Solvent F 439 280 125 NR 

Weld B 16.9 400 400 400 125 Cast iron Gate Flange 150 150 130 

Groove — 300 300 300 150 Ductile iron Gate Flange 250 250 230 

Flange B 16.1 150 150 130 250 Cast iron Gate Flange 300 300 275 

Flange B 16.5 275 255 235 Buna-N liner Butterfly Wafer 150 150 NR 

230 230 230 EPDM liner Butterfly Wafer 150 150 150 

Flange B 16.5 720 710 695 Hi-service Butterfly Lug 250 250 250 


5. Availability of the material 
6. The expected life of the facility where the system is to be installed 
7. 'The installed cost of the system 


The first four factors relate to safety and are of primary importance. The last 
three are related to the economics of the project and are weighted to suit. 


Steam and Condensate Systems (to 150 psig) (1035 kPa) 


Steel pipe is used for steam and condensate systems. Fittings for sizes under NPS 
2% (DN 65) are threaded cast iron. Larger fittings are steel with welding ends. 
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TABLE C4.9 Material Application Chart for Water Systems*,t,t (Continued) 


Pipe Fitting 


Pressure rating 


@ @ @ 
ASTM Mfr. Wall 75°F IWE 220F 
Line Material standard ^ process thickness Joint (psig) (psig) (psig) Material Class 


Below gound (Corrosion protected materials from lines G, H, I may be used 
underground.) 


NPS 4-20 
J. (1) Ductile A 21.51 Cast Class 50 Mech. jt. 300 300 — | Ductile iron Class B 
iron 
(2) Ductile A2115 Cast Class 50 Flange 250 250 — | Ductile iron Class B 
iron 
@ 
NPS 2-16 210°F 
K. (1) | RTRP-11AF D 2996 Fil. wound — B&S 150 150 150 | RTRP-11AF 
adhesive 
e 
NPS 4-24 100°F 
L.(1) | PVC AWWA Seamless Class 100 B&S O-ring 100 60 NR | Ductile iron Class B 
C900 
(2 |PVC AWWA Seamless Class 150 B&S O-ring 150 90 NR 
C900 
(3) | PVC AWWA Seamless Class 200 B&S O-ring 200 120 NR 
C900 


* Pressure ratings for steel pipe are calculated using (a) a mill tolerance or —12.596 of the wall thickness, (b) 
the thread or groove depth where used, and (c) a corrosion allowance of 0.025 to NPS 2 and 0.065 for NPS 215 
and larger. No pipe-wall reinforcement value is applied for the strength of threaded fittings or grooved couplings. 

+ Copper tube pressures are based on the joint strength when soldered or brazed. 

t Pressure ratings are for the largest pipe size in each group. Smaller pipe sizes have higher ratings. 


Bronze valves are used for small sizes and cast or ductile iron, as required by the 
pressure, for valves NPS 21⁄2 (DN 65) and over. Large gate valves in high-pressure 
systems should be provided with a bypass to allow warm-up of the downstream 
pipe before full opening. Equalizing the pressure with a bypass also allows the 
valve to open. 

Ball valves and special steam butterfly valves may be used, but only if the valve 
has a gear operator so it cannot be opened rapidly. Ball valves can be used for 
small valves on low-pressure systems. 

Copper tubing with brazed joints may be used up to 120 psig (827 kPa). The 
high energy content of steam makes mechanically restrained joints preferred. How- 
ever, when space is limited, copper tubing with wrought brazed fittings, which is a 
much less bulky system than steel, can be used. Welding and brazing should be 
performed by qualified operators. 

Steam condensate piping requires additional attention, since condensate corrodes 
steel pipe. To lengthen the life of small size pipe, extra heavy weight pipe is often 
specified. For larger pipe sizes, the increased wall thickness of standard weight pipe 
provides added material to prolong pipe life. For small low-pressure systems, copper 
tube with 95-5 solder joints may be used. Fittings and valves for condensate are 
the same as those used for steam. 

Table C4.8 shows some of the materials which can be used for steam and 
condensate service. Code pressure ratings for the various components or joints are 
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Fitting Valve 
Pressure rating Pressure rating 
e e e @ @ @ 
ASTM 75°F  150F 220(F 75°F  150F 220F 
Joint standard (psig) (psig) (psig) | Class Material Type Joint (psig) (psig) (psig) 


Mech. joint A 21.10 350 350 350 | Same as listed in H and I above. 


Flange A 21.10 250 250 — 
@ 
210°F 
B&S or 150 150 150 | Same as listed in H and I above. 
T.A.B. 


Mech. joint A 21.10 350 350 350 | Same as listed in H and I above. 


listed. The table should not be read line by line. For example, any of the fittings 
and valves listed on lines D(1)-(4) may be used with any of the pipe types listed 
on lines D(1)-(3). 


Recirculating Water Piping Systems 


Closed recirculating water systems such as chilled water, hot water, and dual temper- 
ature water are used for heating and cooling. System temperatures can range from 
50 to 200°F (10 to 93°C) and the pressure can be above 200 psig (1380 kPa) on the 
lower floors of tall buildings. 

For pipe NPS 2 % (DN 65) and larger the preferred material is steel with welded 
or grooved joints. The selection of materials for water piping systems NPS 2 (DN 
50) and under is usually based on economics. The fluctuating price of materials 
and the skills of the labor to be used for installation make a number of combinations 
possible. For pressures above 150 psig (1035 kPa) and temperatures above 200°F 
(93°C), seamless or extra strong steel pipe with the proper class of threaded fittings 
or grooved joints can be used. Copper tube with solder or brazed joints is also 
widely used. For low temperatures, plastic piping systems can be used. 

Bronze gate and ball valves are used on small pipe systems, and cast-iron gate, 
plug, and butterfly valves are used with large pipe. 

Table C4.9 lists materials for pipe, fittings, and valves and gives pressure ratings 
at 75, 150, and 220°F (24, 65, 104°C). The rating at 75°F (24°C) can be used down 
to 0°F (—17°C). Materials within any letter group can be mixed when a suitable 
joint can be made. 
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TABLE C4.10 Material Application Chart for Air, Gas, and Oil Systems*,t,t 


PIPING SYSTEMS 


Pipe Fitting 
Pressure rating 
@ @ @ 
ASTM Mfr. Wall TFE  150F 220'F 
Line Materia’ standard process thickness Joint (psig) (psig) (psig) Material Class 
Compress air to 20 psig 
NPS 2 and smaller 
O. (1) | Same materials as listed in Table C4.9 lines G(1) through (7). 
NPS 215-12 
M. (1) | Same materials as listed in Table C4.9 lines H (1) through (6), (8), and (9). 
Compressed air to 100 psig 
NPS 2 and smaller 
N. (1) | Same materials as listed in Table C4.9 lines G (1) through (3) and (5) through (7). 
(2) | Line (7), copper with solder joints may be used at or below NPS 4. 
NPS 215-12 
O. (1) | Same materials as listed in Table C4.9 lines H (1) through (6) and (8) through (10). 
O. (1) | Same materials as listed in Table C4.9 lines H (1) through (6) and (8) through (10). 
Fuel gas to 5 psig 
P. (1) | NPS 2 and smaller 
(2) | Steel A53B ERW Std Thread 430 430 430 | Malleable iron 150 
(3) | Steel A 106 Seamless Std Thread 510 510 510 | Ductile iron 300 
(4) | Steel tube A539, A254 Braze Use mfrs. rating 
(5) | Copper tube B 88 Type L,K  Braze, flare 315 315 260 | Wrought copper 
(6) | Corrugated S.S. Conduit AGA 1-87 System Use mfrs. rating 
NPS 215-6 
Q. (1) | Steel A 53 ERW Std Weld 695 695 695 | Wrought steel Std 
(2) | Steel A 106 Seamless Std Weld 815 815 815 | Wrought steel 150 
Fuel oil 
NPS 2 and smaller 
R. (1) | Steel A 53 Seamless XH Thread 1215 1215 1215 | Malleable iron 150 
(2) | Steel A 106 Seamless XH Thread 1215 1215 1215 | Ductile iron 300 
(3) | Steel tube A539, A254 Braze Forged steel 3000 
NPS 215-12 
S.(1) | Steel A 53 Seamless Std Weld 620 620 620 | Wrought steel Std 
(2) | Steel A 106 Seamless Std Weld 620 620 620 | Wrought steel 150 


* Pressure ratings for steel pipe are calculated using (a) a mill tolerance or —12.596 of the wa 
the thread or groove depth where used, and (c) a corrosion allowance of 0.025 in to NPS 2 and 0.065 for NPS 215 
and larger. No pipe-wall reinforcement value is applied for the strength of threaded fittings or grooved couplings. 
+ Copper tube pressures are based on the joint strength when soldered or brazed. 
t Pressure ratings are for the largest pipe size in each group. Smaller pipe sizes have higher ratings. 


Condenser Water Systems 


l thickness, (b) 


Refrigeration condenser water is usually cooled in a cooling tower where the water 
temperature is reduced by evaporation to the atmosphere. Lake, river, and well 
water are also used for condensing refrigerant. As oxygen and atmospheric contami- 


nants are regularly induced into the water, corrosion becomes a major problem. 
When a cooling tower is used, the same water plus makeup water are recirculated 


and chemicals must be added to the system to protect the pipe against corrosion. 
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Fitting Valve 
Pressure rating Pressure rating 
ASME/ @ @ @ @ @ @ 
ASTM 75°F 150°F  2200F 75°F 150°F - 220°F 
Joint standard (psig) (psig) (psig) | Class Material Type Joint (psig) (psig) (psig) 
Thread B 16.3 300 300 255 125 Bronze Gate Thread 200 200 180 
Thread A 395 500 500 460 Bronze Ball Thread 400 400 400 
Brazed B 16.22 
Weld B 16.9 510 510 510 125 Cast iron Gate Flange 150 150 130 
Flange B 16.5 285 270 250 150 Ductile iron Gate Flange 250 250 230 
200 Cast Iron Plug Flange 200 200 180 
Thread B 16.3 300 300 255 125 Bronze Gate Thread 200 200 180 
Thread A 395 500 500 460 Bronze Ball Thread 400 400 400 
Socket weld B 16.11 2600 2600 2600 
Weld B 16.9 510 510 510 150 Ductile iron Gate Flange 250 250 230 
Flange B 16.5 285 270 250 


With river water or well water, corrosion-resistant materials must be used for the 
system or the interior of the pipe must be lined with a corrosion-resistant material. 
Refer to Chaps. B9, B10, B11, and B12 for lined piping systems. 

Steel pipe is most often used for large condenser-water piping systems 
aboveground. Where chemical treatment is possible it does not have to be lined, 
but the use of extra heavy pipe should be considered. Where chemicals cannot be 
used, steel pipe can be cement lined using welded or grooved joints. Plastic lining 
can also be used with grooved joints (Refer to Chap. B12). Linings do not add to 
the strength of the pipe and may reduce the flow capacity. 

Condenser-water lines are often run below ground. Ductile-iron or plastic water- 
main pipe can be used, since both the interior and exterior are corrosion resistant. 
Copper is a good alternative for both aboveground and underground condenser- 


C.168 PIPING SYSTEMS 


water piping. Table C4.9 lists some materials suitable for condenser water and the 
pressures at which they can be used. 


Compressed Air 


High temperatures are not usually involved, but compressed air contains stored 
energy, and system failure can result in explosive reactions. Welding or a restrained 
joint should be used for large sizes. Do not use PVC or CPVC or any material 
subject to brittle failure for compressed air. Other thermoplastics which are not 
subject to brittle failure may be used. Check with the manufacturer of the material 
to be sure it is recommended for compressed air service. 

Steel and copper pipe with malleable iron, cast-iron, or copper fittings are suitable 
materials for compressed air. Ball, butterfly, or gate valves can be used. For large 
sizes use welded, flanged, or grooved systems. ASME B31.9, Building Services 
Piping, does not permit the use of copper with soldered joints for sizes above NPS 
4 (DN 100) size at pressures exceeding 20 psig (138 kPa). Table C4.10 lists some 
suitable materials. 


Fuel Gas 


Pipe material for use in buildings should be standard weight, electric resistance 
weld, or seamless steel or copper tube Type K or L. Copper is not to be used if 
the gas contains more than an average of 0.3 grain of hydrogen sulfide per 100 
standard cubic feet of gas. Fittings for steel pipe may be threaded malleable iron 
or ductile iron for sizes up to and including NPS 3 (DN 80). Some jurisdictions 
require cast fittings to be galvanized to seal casting-pin holes. For sizes NPS 2% 
(DN 65) and over, welded joints should be used with steel fittings and flanges. 

Copper tube should be joined by brazing, using a brazing alloy that does not 
contain phosphorus, or by the use of flared connections. Table C4.10 lists some 
suitable materials. 


Fuel Oil 


For piping to boilers operating at or under 15 psig (103 kPa) steam or 30 psig (207 
kPa) water, use electric-resistance welded, seamless steel pipe, or copper tube, Type 
K or L. When threaded joints are used, malleable-iron, ductile-iron, or forged-steel 
fittings may be used. A thread-sealing compound suitable for oil should be used 
when making the joints. Joints in copper tube may be brazed or made by using 
flared or compression fittings. 

Oil piping to boilers operating at steam pressures from 16 to 150 psig (110 to 
1035 kPa) should be seamless steel, standard weight, when welded or extra strong 
if threaded. Threaded joints using ductile-iron or forged-steel fittings may be used 
if unavoidable. Valves should be made of ductile iron or brass. 

Outside the boiler room malleable-iron threaded fittings may be used. Type K 
or L copper tube with brazed joints may also be used outside the boiler room. 
Table C4.10 lists some suitable materials. 
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WELDING 


Welding Qualification 


To comply with the B31 Pressure Piping Code sections, all welding procedures and 
welders must be qualified as required by Sec. IX of the ASME Boiler and Pressure 
Vessel Code. B31.9, Building Services Piping, also permits qualification to AWS 
D10.9, Qualification of Welding Procedures and Welders for Piping and Tubing. 
A welding procedure specification is written to outline a method for making a 
weld. It lists the conditions under which the weld must be made. The procedure is 
qualified by making a weld following the specification. If the weld passes the pre- 
scribed tests, the procedure is qualified as being able to make a sound weld. 
Welders and welding operators are tested to see that they have the necessary 
skills by making a weld using a qualified weld procedure specification. If the weld 
passes the required test, the welder can be termed qualified by his employer. 


Boiler External Piping 


For boilers operating at pressures higher than 15 psig (103 kPa), the ASME Boiler 
and Pressure Vessel Code has administrative control over the welding on boiler 
external piping (BEP), which is broadly defined as the piping between the boiler 
and (1) the first steam stop valve, (2) the second feedwater valve, and (3) the second 
blowdown valve. When multiple boilers are connected to a header, the BEP extends 
to the second steam valve. 

The boiler external piping must be fabricated and installed by an organization 
holding an ASME certificate and must be provided with data reports, inspection, 
and stamping as required by the boiler code. 

The ASME Pressure Piping Code B31.1, Power Piping, does not require nonde- 
structive examination of welds unless the pressure is above 1025 psig (7067 kPa) 
with a temperature above 350°F (177°C) or the temperature is above 750°F (400°C) 
at all pressures. If radiography or other nondestructive examination is desired 
in excess of code requirements, it should be clearly spelled out in the contract 
or specification. 


HANGERS AND SUPPORTS 


This section gives a brief outline of the use of hangers, supports, anchors, and 
guides. See Part B of this handbook for a detailed discussion of hangers and 
hanger loads. 

Hangers support the pipe from above; supports bear the load of the pipe from 
below; anchors restrain pipe movement; guides allow only axial movement of the 
pipe and direct expansion forces. 

Buildings are built to provide usable floor space; therefore, piping is usually 
hung from the structure above. Hangers are concentrated loads; an allowance 
of extra distributed—dead load in the structure above mechanical rooms will not 
necessarily be sufficient to support the point loads of large pipelines or suspended 
equipment. Piping should be arranged to allow the use of major structural elements 
for hanging pipelines. Major loads that pipe hangers impose on a structure should 
be reviewed by a structural designer. 
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Hanger loads are calculated according to B31.9 by taking the following elements 
into account: 


1. The dead weight of the pipe, fittings, valves, insulation, and the hanger itself. 
2. The weight of liquid in the pipe. 


3. Occasional loads, such as ice, wind, earthquake, a test liquid, and water hammer. 
Occasional loads need not be considered as acting concurrently. 


The forces acting on pipe anchors are 


1. The hanger loads listed above. 
2. Forces caused by expansion and contraction of the pipe. 


3. Expansion joint forces needed to overcome joint friction and separation. The 
separation force is the product of the line pressure and the largest inside cross- 
section area of the joint. 


When supporting a riser, the entire weight of the riser pipe and the fluid or test 
liquid in that vertical section of the pipe must be carried by the base elbow or 
anchor. 

Hanger design is based on using one-fifth of the minimum tensile stress of the 
hanger material. If the minimum tensile strength of a material is not known, a value 
of 9500 (65 MPa) psi may be used. During hydrostatic testing this value may be 
increased to 24,000 (165 MPa) psi. Allowable stress values for shear are 80 percent 
and for bearing are 160 percent of the values determined above. 

The carrying capacity of threaded rod is based on the rod area at the root of 
the thread. The allowable stress is reduced by 25 percent for cut threads. See Table 
C4.11 for rod-carrying capacities. 


TABLE C4.11 Capacities of Threaded Steel Rods 


Unknown steel rolled 


Rod diameter (in) Root area of thread (in?) threads, S = 9.5 ksi (Ib) 
V4 0.027 260 
36 0.068 650 
Vo 0.126 1200 
98 0.202 1900 
34 0.302 2900 
76 0.419 4000 

1 0.551 5200 
1% 0.693 6600 
1% 0.889 8400 
1% 1.054 10000 
1% 1.294 12300 


Hangers should be designed to permit vertical adjustment. When this is done 
with threaded elements, double nuts or other locking devices should be used to 
prevent vibration from working the nut loose. 

Hangers are attached to the structure by welding, beam clamps, concrete inserts, 
and metal-deck inserts and by drilling expansion anchors directly into the concrete. 
Loads on inserts in, or attachments to, concrete should be limited to one-fifth of 
the ultimate strength of the attachment as determined by the manufacturer's tests. 
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TABLE C4.12 Pipe Spans for Standard Weight Steel Pipe for Straight Runs with No Valves 
or Components 


Pipe and insulation Pipe, water, and insulation 


ASTM A33 type F butt weld ASTM A53B Smls or ERW ASTM A33 type F butt weld ASTM A53B Smls or ERW 
S = 11,250 S = 15,000 S = 11,250 S = 15,000 


Pressure in pipe Pressure in pipe Pressure in pipe Pressure in pipe 


Pipe size 300 psig 15 psig Hanger 400psig 15 psig Hanger 300 psig 15 psig Hanger 400 psig 15 psig Hanger 


NPS (DN) (ft) (ft) ^ load (Ib) (ft) (ft) ^ load (Ib) (ft) (ft) load (Ib) (ft) (ft) ^ load (Ib) 
Yo (15) 6 6 5 6 6 5 6 6 6 6 6 6 
34 (20) 7 7 9 7 7 9 7 7 11 7 7 11 

1 (25) 9 9 16 9 9 16 9 9 19 9 9 19 
1% (32) 11 11 26 11 11 26 11 11 32 11 11 32 
1% (40) 12 12 34 12 12 34 12 12 45 12 12 45 
2 (50) 14 14 56 14 14 56 13 14 75 14 14 TI 
2 (65) 16 16 96 16 16 96 15 16 128 16 16 129 
3 (80) 17 17 139 17 17 139 16 17 189 17 17 195 
4 (100) 20 20 224 20 20 224 18 19 317 20 20 334 
5 (125) 22 22 338 22 22 530 
6 (150) 24 24 478 23 24 782 
8 (200) 28 28 829 25 28 1431 

10 (250) 31 31 1309 28 31 2369 

12 (300) 34 34 1746 28 33 3301 

14 (350) 36 36 2038 29 34 3929 

16 (400) 38 38 2500 29 35 5015 

18 (450) 40 40 2993 28 36 6223 

20 (500) 43 43 3515 28 36 7561 


24 (600) 46 47 4638 2T 37 10603 


1. Spans based on lesser of (1) half that permitted by allowable stress in simple beam formula or (2) deflection of 
0.1 X NPS to 0.2 in max. for empty pipe and fiberglass insulation. 

2. Formulas used: Deflection span, ft = [(384 EIG/W)^^]/12. Simple beam span, (ft) = [(8Z(S — SL)/Wy5]/12, 
where E = modulus of elasticity, J = moment of inertia, G = permitted deflection, Z = section modulus, S = allowable 
stress, SL = longitudinal stress caused by pressure, W = weight. 

3. Hanger loads listed are the full weight of the longer span in each category. 

4. For DN equivalents refer to Chap. A1 or App. E2. 

5.1 psi = 6.895 kPa. 

6.1 lb = 224 kg. 
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TABLE C4.13 Pipe Spans for Copper Tube Type L for Straight Runs with No Valves 
or Components 


Pipe and insulation Pipe, water, and insulation 
ASTM B88 type L hard drawn ASTM B88 type L hard drawn 
S = 11,300 to 250°F S = 11,300 to 250°F 
Pressure in tube Pressure in tube 
Nominal 

pipe size 300 psig 15 psig Hanger 300 psig 15 psig Hanger 
NPS (DN) (ft) (ft) load (lb) (ft) (ft) load (Ib) 

Ve (15) 4 4 1 4 4 2 

¥ (18) 5 5 2 5 5 3 

3A (20) 5 5 3 5 5 4 

1 (25) 7 7 6 7 7 8 

1% (32) 8 8 8 8 8 13 

1% (40) 9 9 12 9 9 19 

2 (50) 11 11 22 10 11 37 

22 (65) 12 12 33 10 12 56 

4 (100) 14 14 52 12 13 88 

3v5 (90) 15 15 70 12 14 124 

4 (100) 16 16 93 13 15 167 

5 (125) 18 18 147 14 17 269 

6 (150) 20 20 216 15 18 400 

8 (200) 23 23 473 18 21 854 

10 (250) 25 25 791 20 23 1480 


12 (300) 28 28 1175 21 25 2214 


1. Spans based on (1) lesser of half that permitted by allowable stress in simple beam formula or (2) 
deflection of 0.1 x NPS to 0.2 in max. 

2. Formulas used: Simple beam span (ft) = [{8Z(S — SL)/W}°*]/12; Deflection span (ft) = [(384 EIG/ 
W)°*]/12, where E = modulus of elasticity, / = moment of inertia, G = permitted deflection, Z = section 
modulus, $ — allowable stress, SL — longitudinal stress caused by pressure, W — weight (Ib/in). 

3. Hanger loads listed are the full weight of the longest span in each category. 


If the compressive strength of the concrete is unknown, it can be assumed to be 2500 
psi (17250 kPa) and the results of the manufacturer's test derated proportionally. 
Explosively actuated fasteners should not be used where a group of pins is needed 
to support a load. 

Spring hangers should be used where expansion can cause vertical movement 
of a pipeline. For example, if a branch line is connected to a vertical heating-cooling 
riser on the 12th floor of a high-rise building, the connection point could be 1 in 
(25 mm) above its ambient elevation during the heating season and 1 in (25 mm) 
below in the summer. Using spring hangers on the branch near the riser connection 
will provide support under both conditions. 

Hanger spacing is often determined by the building steel available for suspending 
the pipe. Tables C4.12, C4.13, C4.14, and C4.15 show maximum spans for steel, 
copper, aluminum, and plastic pipe. These tables are calculated using a simple beam 
formula to determine stress and deflection. The basic allowable stress of the pipe 
will not be exceeded at double the span shown in the tables. The usable stress for 
bending is that which remains after the stresses due to longitudinal pressure have 
been deducted from the basic allowable stress of the material. The tables also have 


BUILDING SERVICES PIPING C.173 


TABLE C4.14 Pipe Spans for Standard Weight Aluminum Pipe for Straight Runs with 
No Valves or Components 


Pipe and insulation Pipe, water, and insulation 
ASTM B241 A93003-0 ASTM B241 A93003-0 
S = 3,400 to 200°F S = 3,400 to 200°F 
Pressure in pipe Pressure in pipe 
Nominal 
pipe size 180 psig 15 psig Hanger 180 psig 15 psig Hanger 
NPS (DN) (ft) (ft) load (Ib) (ft) (ft) load (lb) 
Vo (15) 6 6 2 6 6 3 
3A (20) 7 7 4 7 7 5 
1 (25) 8 8 6 8 8 9 
1% (32) 10 10 10 8 9 14 
1% (40) 12 12 13 9 10 19 
2 (50) 13 14 19 9 10 31 
2¥2 (65) 14 15 33 10 12 51 
3 (80) 16 17 47 11 12 77 
4 (100) 18 20 74 12 14 132 
5 (125) 19 22 108 12 14 207 
6 (150) 21 24 149 13 15 304 
8 (200) 22 27 252 13 17 550 
10 (250) 25 31 383 14 18 901 
12 (300) 26 33 534 14 19 1329 


1. Spans based on (1) lesser of half that permitted by allowable stress in simple beam formula or (2) 
deflection of 0.1 x NPS to 0.2 in max. 

2. Formulas used: simple beam span (ft) = [{8Z(S — SL)/Wy"]/12; deflection span (ft) = [(384 EIG/ 
Wy5]/12, where E = modulus of elasticity, / = moment of inertia, G = permitted deflection, Z = section 
modulus, S = allowable stress, SL = longitudinal stress caused by pressure, W = weight (Ib/in). 

3. Hanger loads listed are the full weight of the longest span in each category. 


the deflection limited to the smaller of 0.2 in or 10 percent of the nominal pipe 
diameter at the listed span. 

The tables show the effect of internal pressure on pipe spans. In general the 
deflection is the governing factor in the smaller sizes. The weights and spans have 
been calculated based on mineral-fiber insulation. 


EXPANSION AND FLEXIBILITY 


Expansion in building-service piping must be recognized and allowed for. The 
temperature extremes may run from 40°F (4°C) for chilled water, which will result 
in the contraction of a pipe installed at 70°F (21°C), to 360°F (182°C) for 150 psig 
(1035 kPa) steam; which will give rise to a much greater expansion of a pipe. Part 
B of this handbook gives a detailed discussion on expansion and flexibility as well 
as tables giving coefficients of expansion and the actual expansion for various 
materials between given temperatures. 

Uncontrolled expansion forces can be harmful at equipment connections by 
imposing loads on the equipment. Manufacturers will provide the allowable forces 
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TABLE C4.15 Pipe Spans for Sch 40 CPVC, PVC, ABS, and Sch 80 PP Thermoplastic Pipe, 
Including Water and Insulation 


CPVC ASTM F441 #4120 PVC ASTM D1785 #1120 ABS ASTM D1517 
Cell no. 23447 Cell no. 12454 Des. no. 1210 Polypropylene Schedule 80 pipe 
Pipe pressure (psig) Pipe pressure (psig) Pipe pressure (psig) Pipe pressure (psig) 
73°F 100°F 180°F 73°F 100°F 73°F 100°F 73°F 100°F 180°F 


Nominal 
pipe size 100 15 100 15 100 15 100 15 100 15 100 15 100 15 100 15 100 15 100 15 


NPS (DN) (ft) (f) (ft) (ft) (f) (ft) (f) (t) — (f) — (f) — (f) (ft) (f) (f) (t) (f) (t (f) (f) (t) 


Ye (15) M E NE ME M. 3 3 3 MAR AES NES NU NN 3 3 3 2 3 
34 (20) 4 4 3 3 2 3 4 4 4 I ES COND EE 3- 8 3 EX 3 
1 (25) 4 4 4 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 3 
1% (32) 5 5 5 5 EX 4 5 5 3 B^ VS 5 4 5 5 5 5 5 3 
1% (40) 6 6 6 6 4 6 6 6 6 5 6 4 5 6 6 5 6 3 
2 (50) Te EE ME. 4 7 7 7 7 5 6 4 5 6 7 5 6 4 
2% (65) 8 8 8 8 5 8 8 8 MIT NE MP NE NE ME E NS 4 
3 (80) 9 9 8 9 5 9 9 8 9 6 8 5 7 8 8 6 7 4 
4 (100) 10 10 8 10 5 10 10 9 10 6 8 EX 7 8 9 6 8 5 
5 (125) 10 1 9 10 5 10 12 9 1 EX 8 7 

6. (150. 31. 12. 9 n 6 1d 1 9 n 9 8 9 un 7 9 5 
8 (200) 11 1 9 12 6 dt nB 9 2 9 8 9 12 EX 10 6 
10 (250 12 14 10 13 7 R2 4 10 B 10 9 

12 (300) 12 15 10 13 7 12 15 10 14 11 9 


1. Spans based on lesser of (1) half that permitted by allowable stress in simple beam formula or (2) deflection of 
0.1 X NPS to 0.2 in max. For empty pipe and glass fiber insulation. 

2. Formulas used: Deflection span (ft) = [(384EIG/W)"?]/12; simple beam span (ft) = [(8Z(S — SL)/Wy9]/12, 
where E = modulus of elasticity, / = moment of inertia, G = permitted deflection, Z = section modulus, S = allowable 
stress, SL = longitudinal stress caused by pressure, W = weight. 

EX-—At this pressure the hoop stress in the pipe exceeds the allowable stress for this size and larger. 
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and moments. When necessary these forces can be controlled by providing an 
anchor or restraint on the piping at or near the connection. 

Long straight runs of pipe with no offsets, or very short offsets, need to be 
checked for total linear expansion. These are found most often as risers in vertical 
buildings and mains in horizontal buildings. If the amount of expansion encountered 
cannot be absorbed by the flexibility in the pipe configuration at take-offs from a 
main, or at the end of a main, an expansion joint or pipe loop must be used. 

There are three categories of expansion joints: corrugated bellows, packed slip 
joints, and rotary or ball joints. All expansion joints must be placed between anchors 
to direct the forces and in some cases to keep the joint from separating due to the 
internal pressure. 


1. Corrugated joints have no packing, which is an advantage since they do not 
develop leaks. The pipe leading to this type of joint must be provided with 
adequate guiding to keep the pipe axially aligned and direct the expansion forces 
into the joint. If the pipe is improperly guided the joint may squirm, which results 
in misalignment and possible catastrophic failure. 


2. Packed slip joints have the disadvantage of packing, which must be maintained. 
They must also be guided, but catastrophic failure is unlikely unless an an- 
chor fails. 


3. Ball joints are used in pairs in branch pipes, or in the main after an elbow, 
to take up the expansion offset. These are packed swivel joints which need 
maintenance but will not separate. 


Flexibility is inherent in a building system due to the elbows and offsets usually 
necessary to get from the source to the destination. An unrestrained piping system 
will find its own point of least stress and have the lowest end forces. If an inspection 
of the pipe route does not reveal any places where the expected expansion will 
interfere with walls, columns, ducts, or other pipes, it is advisable not to introduce 
anchors. Detailed flexibility analysis methods can be found in Part B of this 
handbook. 


TESTING 


Before putting a system in service it should be tested for leakage or proof tested 
to demonstrate its ability to withstand the design pressure. This can be done by 
several methods. 


Hydrostatic Testing 


Hydrostatic testing is the preferred method of testing, since leaks are detectable 
and the stored energy in the pipe is low. All joints should be exposed and uninsulated. 
Before initial filling, the following precautions should be observed: 


1. A survey of the entire pipeline should be made to ensure that there are no 
open ends; all hangers, anchors, and guides are in place; and all joints are 
properly made. 


2. All equipment that will be damaged by the test pressure should be isolated from 
the system. 
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3. Expansion joints and anchors in the pipeline should be checked for their ability 
to withstand the test pressure. 


4. If the test pressure is to be left on the system for an extended period, a relief 
valve should be installed to prevent overpressurization due to expansion of the 
fluid caused by an increase in temperature. 

5. Vents should be used to release air from high points of the system. Drains should 
be provided to remove the test liquid. 


Test Medium. The test medium should be water unless there is a risk of freezing 
or water will damage the system. A glycol solution can be used if provisions are 
made to flush the system and properly dispose of the glycol at the end of the 
test. The system should be filled gradually and examined to detect leaks as the 
filling progresses. 


Test Pressure. The test pressure required by B31.9 is 1.5 times the design pressure 
at all points of the system. For vertical systems the pressure at the bottom should 
not exceed the lower of 


1. 90 percent of the minimum yield strength of the material 
2. 1.7 times the SE value of brittle materials 
3. The rated pressure of valves or equipment which will be subjected to the pressure 


Examination. Examination of the entire system for leaks should be made after 
the test pressure has been on the system for at least 10 minute. If leaks are found 
they should be repaired and the test repeated until no leakage is detected. 


Pneumatic Testing 


Pneumatic testing is dangerous and should only be used within the following condi- 
tions: 


1. There are no soldered joints in the system over NPS 4 (DN 100). 
2. 1f brittle plastic, no pipe is larger than NPS 2 (DN 50). 

3. Water will be detrimental to the system. 

4. The test pressure does not exceed 150 psig (1035 kPa). 


The test medium should be air, nitrogen, or any other innocuous gas. 


Test Pressure. The test pressure for a pneumatic test is limited by B31.9 to a 
maximum of 1.25 times the design pressure. The pressure should be introduced 
gradually with the first increment not more than 10 psig (69 kPa), at which time 
an inspection can be made for major leaks. The pressure can then be raised in 
increments of 25 percent, pausing at each increment to allow system equalization. 


Examination. | Examination for leaks should be made after the full test pressure 
has been on the system for 10 minute or more. Leaks can be detected by soap 
bubbles, special testing fluids, ultrasonic means, or test-gauge monitoring. 
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Service Testing 


Service testing can be used in place of the above tests for low-pressure systems that 
operate below 15-psig (103 kPa) steam pressure or 30-psig (207 kPa) water pressure. 
Proof testing is not needed, and an examination for leaks can be made when the 
system is placed in initial operation for the service intended. 


PROBLEMS AND SOLUTIONS 


Some of the problems occurring most often with piping systems are discussed below. 


The cost of the installation is too high. If this comment is heard, check the fol- 


lowing: 


1. 


2. 
3. 


10. 


11. 


Un RU rt = 


Has seamless pipe been used when furnace butt-weld or electric resistance- 
weld pipe will be adequate? 


Has Type K copper tubing been called for when Type L is adequate? 


Have steel valves been used when ductile-iron or cast-iron valves are strong 
enough? 


. Has radiography of welds been called for when it is not required by the pip- 


ing code? 


. Are too many anchors and expansion joints called for when the system has 


inherent flexibility? 


. Have factory-made tees or reinforced outlet fittings been used when welded 


branch connections are suitable? 


. Has the use of grooved-type joints been permitted where they are economical? 
. Has the use of plastic materials been considered? 
. Are pipe sizes too large? This requires analysis of the long-term pumping costs, 


since smaller pipe sizes will result in greater friction. 


Has the hanger spacing been checked to make sure the most economical spacing 
has been allowed? 


Has the system configuration been reviewed to be sure the most direct route 
possible has been selected? 


The system does not circulate the proper GPM. Look for the following: 


. Are all of the valves open? 

. Is the system fully vented? 

. Are all the strainers clean? 

. Is the pump providing the proper pressure differential? 

. Is there an obstruction in the piping? Check pressures along the system to find 


an unpredicted drop. 


The system is noisy. Look for the following causes: 


. Has the system been fully vented? Air in the system is noisy. 
. Is the pump circulating too much fluid? If the required system head has been 
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predicted higher than the actual one, the pump is circulating too much fluid 
and causing velocity noise. Throttle a pump-balancing valve to introduce more 
pressure drop in the system. If this solves the problem, the pump impeller should 
be changed for long-term economy. 


The chilled water expansion tank overflows. Investigate the following: 


. The makeup level in the tank is set too high and water is added when the system 


is operating cold. 
The tank does not have the capacity for the expansion volume. 


. There is a cross connection to another system. 


The steam pipes make knocking noises. Investigate the following: 


. The steam pipe has not been pitched in the direction of condensate flow. 
. The distance between drip legs on long runs is too great. If the knocking only 


occurs on warmup, look for a slower warmup method. 


The water pipes hammer or shake. Water hammer can be caused by the following: 


. The sudden opening or closing of a valve. Automatic valves can be made to 


operate slower to prevent water hammer. Manual valves should always be oper- 
ated slowly. 


. The starting or stopping of a pump. A spring-loaded or hydraulically operated 


check valve should always be installed at the discharge of large pumps. 


. Air can be sucked into a piping system at a cooling-tower basin and cause violent 


pipe movement. Install a vortex breaker in the basin. 


Is the system ready to be placed in operation? 


. The pressure test should be performed and all blanks removed. 
. The system should be flushed, and the water treatment system should be operable. 
. A visual inspection should be made to be sure all open ends have been secured, 


all block valves are in the proper position for operation, all safety and relief 
valves are installed, and if a water system, the system is full and vented. 


. A visual inspection should be made to be sure adequate pipe expansion room 


is available. Some approximations that can be used for visual inspection are as 
follows per 100 ft (30.5 m) of straight pipe per 100°F (38°C) from ambient 
temperature (do not use for exact calculations): 


Ductile iron Expands lin 
Steel Expands lin 
Stainless steel Do 1% in 
Copper or brass Do 1% in 
Aluminum Do 2 in 
RTRP Do 2 in 
PVC & CPVC Do 5 in 
Polypropylene Do 6 in 
ABS Do 7 in 
PB Do 915 in 


Check that all anchors and guides are in place. 


BUILDING SERVICES PIPING C.179 


Life Expectancy. Piping in power plants, refineries, industrial plants, and so on, 
where the piping is a part of the process, is subjected to extreme service conditions 
and is therefore closely monitored. Building piping, while necessary to the operation 
of a building, is not subject to severe service and therefore not watched as closely. 
Because the pipe is built into walls and shafts, it is expensive to replace and is 
generally designed to last as long as the building. 

The corrosion of steel pipe is the biggest concern. Closed recirculating systems 
such as chilled water or heating water can circulate for years with very little corro- 
sion, since no new oxygen is introduced into the system. Cooling tower piping 
systems require very close monitoring, and alternative materials should be con- 
sidered. 
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INTRODUCTION 


This chapter on oil pipeline systems has been prepared as a basic guide to the 
design of cross-country pipelines for liquid petroleum and related products. It 
focuses on the fundamentals of pipeline design, emphasizing practical guidelines 
for real systems. It provides a general overview of the system approach to design, 
which integrates the hydraulic, mechanical, and operations and maintenance aspects 
in the design of a system, along with project economic analysis, in determining the 
preferred pipeline system. 

This chapter also includes discussion of design topics for related pipeline-system 
components such as pump station and location and sizing, material selection for 
pipe, metering, leak detection, and system control. Aspects of petroleum-system 
design related to the special characteristics of some petroleum commodities are also 
addressed, in particular topics related to high-vapor pressure systems, multiproduct 
systems, and systems requiring consideration of variable thermal properties of the 
fluid, i.e., hot oil systems. Finally, design considerations for seismic and underwater 
design of pipeline systems are outlined. 


Scope 


There are three basic codes developed by the American Society of Mechanical 
Engineers (ASME) which govern the design of piping systems in chemical, petro- 
leum liquid, and gas usage. 

Piping inside the boundaries of a chemical plant, refinery, or gas processing plant 
falls under the scope of ASME B31.3 and is covered separately in this handbook (see 
Chap. C7). Likewise, ASME B31.8, covering gas transmission and distribution 
piping systems, is specifically addressed in Chap. C6 of this handbook. 
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This chapter specifically addresses oil transportation systems as covered by the 
ASME B31.4 Code— Pipeline Transportation Systems for Liquid Hydrocarbons 
and Other Liquids.' In this chapter, references to specific sections of the ASME 
B31.4 Code will be cited as “Sec. of the Code,” or in some cases “the Code." 

Figures C5.1a and C5.1b are schematic diagrams illustrating the scope of ASME 
B31.4 for liquid petroleum piping systems other than carbon dioxide and carbon 
dioxide respectively. 


Code Compliance 


The ASME Codes set forth the practices required for design and operation of safe 
pipeline systems. Section 400.1.1 of the Code states its scope, in part, as follows: 


This code prescribes requirements for the design, materials, construction, assembly, 
inspection, and testing of piping transporting liquids such as crude oil, condensate, 
natural gasoline, natural gas liquids, liquified petroleum gas, carbon dioxide, liquid 
alcohol, liquid anhydrous ammonia, and liquid petroleum products between producers' 
lease facilities, tank farms, natural gas processing plants, refineries, stations, ammonia 
plants, terminals (marine, rail, and truck), and other delivery and receiving points. 


While the Code gives guidelines for pipeline system design, it is not intended to 
provide complete specifications for all phases of design and operation. Furthermore, 
there may be additional federal (or country), state, and local regulations governing 
pipeline design, construction, and operation. 

It is the intent of this chapter to supplement the Code with discussion of the 
principles governing the design of a petroleum transportation system, identifying 
the analytical and design tools and procedures an engineer might use. This chapter 
in itself may not address all the design problems which will arise in the real world, 
and there are some cases where even the best design guide or reference cannot 
replace experience and judgement. Specific engineering and operating companies 
may also have guidelines which they require an engineer to follow in the course 
of designing a pipeline transportation system. 

The responsibility rests with the engineer or designer to identify the specific 
requirements and applicable codes for a given system with regard to design and 
operational conditions, as well as to follow specific guidelines mandated by the 
engineering or operating company and any relevant additions to the Code, and 
other regulations which may govern the design. 


Codes, Standards, Specifications, and Recommended Practices 


In general, pipelines which are designed in accordance with the Code will meet the 
requirements in the USA for liquid petroleum pipelines and associated facilities. 

In addition to the ASME B31.4 Code, the following codes, specifications, stan- 
dards, regulations, and recommended practices may be applicable to a proposed 
pipeline system or component thereof (this list is representative but is not compre- 
hensive): 


Design 


U.S. Code of Federal Regulations, Title 49, Part 195— Transportation of Hazard- 
ous Liquids by Pipeline (known as 49 CFR 195) 
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FIGURE C5.la Scope of ASME B31.4, excluding carbon dioxide pipeline systems. 
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FIGURE C5.1b Scope of ASME B314 for carbon dioxide pipeline systems. 


American Petroleum Institute (API) RP 1102— Recommended Practice for Liq- 
uid Petroleum Pipelines Crossing Railroads and Highways 

American Petroleum Institute (API) RP 1111—Recommended Practice for De- 
sign, Construction, Operation and Maintenance of Offshore Hydrocarbon Pipe- 
lines 

Australian Standard-1997: AS 2885.1 Pipelines—Gas and Liquid Petroleum— 
Part 1: Design and Construction 

Australian Standard-AS 1978-1987: Pipelines—Gas and Liquid Petroleum— 
Field Pressure Testing 

BS 8010: Part 1: 1989— Pipelines, Part 1. Pipelines on land: general Canadian 
Standard: CAN/CSA-Z662—96 Oil and Gas Pipeline Systems 
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API STD 1104, 1994: Welding of Pipelines and Related Facilities ASME Section 
IX— Welding and Brazing Qualifications 


Material 


API 5L—Specifications for Line Pipe? 

API 6D— Pipeline Valves (Gate, Plug, Ball, and Check Valves)? 
ASME B16.5— Pipe Flanges and Flanged Fittings' 

ASME B16.34— Valves—flanged, Threaded, and Welding End? 


ISO 3183-1, —2, and —3, 1996: Petroleum and natural gas industries— Steel 
pipe for pipelines— Technical delivery conditions 


These codes, specifications, et cetera, also cross reference additional standards 
and recommended practices that apply to various aspects of petroleum pipeline 
system components. 


Systems of Units. The metric units used herein are adopted from reference codes 
ASME B31.4a (1994); ASTM E380-93 Standard Practice for International System 
of Units (SI); ANSI/ASTM D1250 Manual of Petroleum Measurement Standards 
(MPMS)—Chap. 11.1, Volume Correction Factors ANSI/ASTM D1298 API Man- 
ual of Petroleum measurement Standards; API 5L Specifications for Line Pipe; and 
API 6D Pipeline Valves (Gate, Plug, Ball, and Check Valves). Each of these codes 
presents metric values, originally standardized in the English system, to the accuracy 
with which the conversions warrant. The reader should refer to these references 
for additional detail. 

The engineer is concerned with physical dimensions and mechanical properties 
of materials comprising the pipeline system to an accuracy limited by repeatability 
and error of measurement. Similarly, the quantity of commodity transported is 
determined by the combined accuracy and repeatability of quantity measurement 
and determination on a weight basis at the time of delivery for commercial transac- 
tion, relative to standard temperature and pressure. The Manual of Petroleum 
Measurement Standards, Chap. 15— Guidelines for the use of the International 
System of Units (SI) in the Petroleum and Allied Industries (API Publication 2564), 
establishes both SI units and acceptable exceptions. 

Within these guidelines, SI units will be used herein with the exceptions °C for 
°K, and limiting expressions of pressure, head, and flow rate to the range 0.1 to 
1,000 by powers of 10. Additionally, the period will be used for the radix as in 
customary English usage rather than the comma. The examples illustrating pipeline 
design methods are shown in metric units, and example calculations and tables 
include both customary English and metric units. 

Conversion factors between English and metric systems are based on six signifi- 
cant figures to enhance repeatability. However, fewer significant figures are used 
for exact values, or when precision of the determinable value is limited. The Manual 
of Petroleum Measurement Standards expresses volume and density measurements 
to four significant figures. API 5L tabulates nominal metric pipe dimensions to 0.1 
mm and pipe minimum yield and ultimate tensile strengths in MPa as integers to 
three significant figures. API Specification 6D, Pipeline Valves, designates pressure 
class as nominal pressure (PN) and nominal pipe diameter as (DN). For NPS 4 
and larger sizes, multiply the NPS by 25 to obtain the corresponding DN. 

This chapter of the Piping Handbook includes at the end of this chapter three 
tables of conversion factors useful in pipeline engineering practice but may not be 
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inclusive of all used. The range of operating pressures, flow rates, fluid characteris- 
tics, size and strength of materials used in designing and fabricating pipeline systems 
introduces a requirement for numerical presentation in consistent scales that include 
the range of a particular application without introducing varying powers of 10. The 
examples in this chapter follow the practice of showing calculations in the same 
numerical form used in the illustrations. 


References 


General references and supplements for the material covered in this chapter are 
supplied at the end of the chapter. The majority of the material covered in this 
chapter is also available in numerous petroleum reference books and technical 
papers through trade publications. No attempt has been made to reference all 
sources of relevant data available. Only those most pertinent to the discussions are 
included here, or those considered most useful. 


LIQUID-PETROLEUM PIPELINE SYSTEMS 


Itis interesting to note that liquid-petroleum pipeline systems have been in operation 
since the late 1800s; and, as illustrated in the title of the Code, a number of different 
commodities are transported via pipeline, with widely varying properties. Therefore, 
to begin the discussion of liquid-petroleum pipeline systems, it is useful to illustrate 
some of the characteristics of fluids covered by the B31.4 Code, based on examples 
of real pipeline systems. Then, as this chapter is intended to be an aid in the selection 
of the preferred pipeline design, the concept of the system approach to design is 
introduced, wherein the hydraulic, mechanical, and operations and maintenance 
aspects of design are integrated and evaluated with economic analysis to select the 
most economically attractive system. 


Characteristics of Transported Commodities 


ASME B31.4 covers a wide range of petroleum liquid commodities, including crude 
oils, residuals, and products of refining such as diesel oil, jet fuel, gasoline, natural 
gas liquids, oil-water emulsions, anhydrous ammonia, alcohols, carbon dioxide, and 
others. The physical properties of these commodities are also variable, and each 
pipeline system design is based on specific properties of an identified commodity, 
or group of commodities in the case of multiproduct pipeline systems. 

Table C5.1 identifies general characteristics of some fluid commodities covered 
under the Code. The API gravity, viscosity, and temperature values shown (where 
available) are specific examples of operating pipeline systems and should only be 
considered as examples. The table also identifies specific considerations for different 
commodities which can have an effect on the design and operation of a pipeline 
sytem. 

Table C5.1 includes reference to API gravity, which relates specific gravity of 
the petroleum commodity at 60°F to water at 60°F (60/60°F). While API gravity 
and specific gravity are related, API gravity characterizes boiling-point fraction 
range and, historically, has been indicative of the commercial value of the commodity 
and vapor pressure. 
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For pipeline hydraulics, the engineer is concerned with density, viscosity, vapor 
pressure, and pour point. Section 15.4.10 of the Manual of Petroleum Measurement 
Standards (MPMS) advises that API gravity and specific gravity are to be eliminated 
for use. API gravity is to be replaced with absolute density in kg/m’, and specific 
gravity(sg) by relative density(rd) to water, both at standard conditions 15°C and 
101.325 kilopascals. Vapor pressure is determined by ASTM D323-Reid Method, 
for volatile crudes and products except liquified petroleum gas (LPG). Vapor pres- 
sure for LPG is determined by ASTM D1267-LP Gas Method. 


System Approach to Design 


In the design of an oil transportation system, it is necessary to consider many aspects 
of design and operation as well as project economics in determining the preferred 
pipeline system to transport a commodity, or commodities, from a source to a 
destination. On a technical or engineering level, there are three aspects of design 
which are interrelated in the system approach to design: 


* Hydraulic 
* Mechanical 


* Operations and Maintenance 


Decisions in one area of design directly affect, or limit, the options in another 
area. For example, it may be necessary to locate a pump station such that it is 
accessible, for example, on a main road, near an electrical power source. Thus the 
pipeline route will have an intermediate location point set, in addition to the 
origin and terminal points. Likewise, preliminary design and cost estimating are 
not separate and independent procedures but are instead closely related and pro- 
ceed concurrently. 

The hydraulic design is the process of evaluating the physical characteristics of 
the commodity or commodities to be transported, the quantities to be transported, 
the pipeline route and topography, and the range of pressures, temperatures, and 
environmental conditions along the route. Identifying the number and location of 
pump stations with respect to the hydraulic characteristics of the system is also part 
of the hydraulic design. There may be several viable hydraulic designs for any given 
pipeline-design basis and route. The most feasible is identified in conjunction with 
the owner or operator of the system, giving consideration to early use requirements 
and future capacity plans for the system. 

For any one hydraulic design there are a number of mechanical system designs 
that can be developed to meet the criteria of the design basis and deliver the 
commodity from origin to destination. The mechanical design is governed by the 
codes and standards developed from experience in operating petroleum pipelines 
systems, and focuses on selection of pipe material and the specification of physical 
line-pipe properties such as pipe diameter and wall thickness as required by the 
stresses imposed on the system by the hydraulic and thermal conditions, yet within 
the limits set by the Code. Other aspects of the mechanical design include the type, 
size, and power required of pumps and other equipment or ancillary facilities 
required to meet the hydraulic-thermal design, such as heating stations, and the 
support or burial requirements for the pipeline. 

The final aspect of design takes into consideration the day-to-day tasks of op- 
erating and maintaining the functional integrity of the system. These include the 


8819 


TABLE C5.1 Petroleum Commodity Characteristics for Pipelines 
Viscosities 
Temp Pour Vapor 
range Relative API cSt at cSt at point press Remarks: flow regime, 
Commodity F/(C) density gravity F/(C) F/(C) F/(C) psi (kPa) rheology, general conditions 
Residuals: 150 to 250 1.02 hee 50,000 at 330 at 130 As Common design temperature in the range 
(65 to 121) 130 (54) 250 (121) (54) of 150 to 250°F (65-105*C). [One design 
150 to 250 0.96 15.9 1,000 at 45.7 at 90 = for 800°F (427°C) is operating.] Thermal 
(65 to 121) 100 (38) 210 (99) (32) design required. Laminar flow. 
Crudes: 
General 40 to 160 0.84 12-40 11 at 68 4.1 at 122 55 15 Generally newtonian in range of operating 
(4 to 70) (11 at 20) (4.1 at 50) (13) (103) temperature. May require thermal design 
considerations. Transition to fully turbu- 
lent flow. 
High wax content 70 to 140 0.81 35-45 7.4 at 122 3.3 at 140 95 15 Generally newtonian above cloud point; de- 
(20 to 60) (7.4 at 50) (3.3 at 60) (35) (103) velops yield stress and nonnewtonian 
flow characteristics after static cooling. 
Transition to fully turbulent flow. 
Shale oil 40 to 120 Data still emerging in shale oil sys- Fluid properties vary with method of extrac- 
(4 to 50) tems—state of the art tion and preparation for transport. Re- 
quire considerations for vapor pressure, 
interfacial mixing and fluid properties 
when setting operations requirements. 
Products: 
No. 2 furnace 30 to 80 0.82-0.84 39 5.7 at 30 2.6 at 100 — Newtonian fluids. Fully turbulent flow. May 
(-1 to 27) (5.7 at —1) (2.6 at 38) require thermal design. 
Diesel-No. 1 30 to 80 0.83 2.8 at 30 1.4 at 100 — Multiproduct hydraulic design is based on 
(—1 to 27) (2.8 at —1) (1.4 at 38) the combination of fluid properties in the 


system that produces the maximum sys- 
tem stress and required pumping power 
at stations. 
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TABLE C5.1 Petroleum Commodity Characteristics for Pipelines (Continued) 


Viscosities 
Temp Pour Vapor 
range Relative API cSt at cSt at point press Remarks: flow regime, 
Commodity F/(C) density gravity F/(C) F/(C) F/(C) psi (kPa) rheology, general conditions 
Diesel-No. 3 30 to 80 0.88 10 at 30 3.6 at 100 
(+1 to 27) (10 at —1) (3.6 at 38) 
Jet fuel 30 to 80 0.78 22 at 30 1.3 at 100 
(—1 to 27) (2.2 at —1) (1.3 at 38) 
Gasoline 30 to 80 0.71-0.73 65 0.8 at 30 30@100 Require considerations for vapor pressure, 
(—1 to 27) (0.8 at —1) (2070938) interfacial mixing, and fluid properties 
when setting operations requirements, 
selecting pumps. 

Natural gas liquids (NGL) and 30 to 130 0.5 0.23 at 30 0.2 at 100 — 200 at 60 Pressure is maintained above the critical 
other high-vapor pressure (—1 to 55) (0.23 at —1) (0.2 at 38) (1380 at 15) pressure to avoid two-phase flow. Special 
petroleum liquids to considerations for loading pumps and 

700 at 120 blowing down pipeline sections are 


(4830 at 50) 


required. Fully turbulent flow. 


Other: 


Oil-water emulsions 
Alcohols 


Anhydrous ammonia 


Carbon dioxide 


There is no specific example pipeline system for this commodity, or the 
information is proprietary or confidential. 


There is no specific example pipeline system for this commodity, or the 
information is proprietary or confidential. 


There is no specific example pipeline system for this commodity, or the 
information is proprietary or confidential. 


There is no specific example pipeline system for this commodity, or the 
information is proprietary or confidential. 


May be either an oil or water suspension; 
fluid properties are extremely variable. 


Toxic; flame may be invisible in daylight. 


Toxic and corrosive—Code requires >0.2 
percent water by weight to inhibit stress 
corrosion cracking. 

(See high-vapor pressure liquids.) 

Dehydration is required for pipeline 
quality. 

Heavier than air, toxic in elevated 
concentrations. 
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necessary control systems to operate the system within its design parameters and 
to promote safe and continuous operation. 

The preferred pipeline system for a given set of conditions is selected through 
an economic comparison of several systems, seeking to identify the system that 
yields the best economic return on the investment dollar, depending on the initial 
and subsequent capital costs, the method of financing, and the operating and mainte- 
nance costs for the economic life of the investment. If alternatives require capital 
investments, e.g., for pumping stations, at different future dates, then these costs 
should be compared on a present-value basis, discounted at a real (after inflation) 
interest rate, to ensure a valid, unbiased selection of the preferred system. The 
details of economic analysis are addressed in financial analysis references.” 

Programs are available for hand-held calculators, personal computers and main- 
frame computers for separately performing the hydraulic, thermal, mechanical, and 
economic analyses and design of petroleum pipeline systems.?*? 

Concurrent with the hydraulic, mechanical, and operations and maintenance 
designs, the pipeline project team will also be performing many tasks related to 
the construction of the pipeline. These include technical and environmental surveys 
of the pipeline route and surrounding areas, preparation of environmental impact 
reports, acquisition of permits and rights-of-way, procurement of construction mate- 
rials, development of construction costs considering pipe diameter, wall thickness, 
grade of steel and welding procedures, and preparation of contract specifications 
and bidding papers. These and other topics related to construction of pipelines are 
covered in other handbooks. 

The investigation of any pipeline system begins by establishing the design basis 
for the commodity, then making a preliminary selection of pipe diameters and cost 
estimates for comparative economic attractiveness. If the preliminary estimates 
indicate further consideration is desirable, then preliminary feasibility considera- 
tions begin by selecting possible routes and developing a preliminary design. 

The preliminary cost estimates developed in Tables C5.7, C5.7M, C5.8, and 
C5.8M, are examples of initial order-of-magnitude cost estimates for selecting alter- 
native pipe diameters and overall cost feasibility. The pipe diameters used in Table 
C5.8M are the basis for the discussion of the hydraulic designs illustrated in the 
section that follows. The pipe diameters used have been selected to illustrate consid- 
erations in the hydraulic analysis and effect on mechanical design and cost rather 
than to select a preferred design for the example system discussed. 


HYDRAULIC DESIGN 


The hydraulic design integrates the physical characteristics of the transported com- 
modity along a given pipeline route, within specified operating conditions as estab- 
lished in the design basis. The result of the hydraulic design is identification of the 
total system energy required to meet the design criteria. In addition, the hydraulic 
calculations indicate a range of feasible pipe diameters and preliminary spacing of 
pump stations along the route. 

When the design is finalized, i.e., the route selected, pipe-line size determined, 
and type of pipe selected, the hydraulic calculations are refined to determine the 
conditions for over-pressure control during line shutoff and surges during operation. 
Hyraulic calculations can also be made for the variables in the operating conditions 
(temperature, ranges of viscosities for products pipelines, et cetera) and for future 
expansion of system capacity. 
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Route Selection 


Given the task of transporting a liquid commodity from one point to another— 
whether it is from the point of production or storage to a processing plant, or from 
the process plant to distribution facilities—the first selection of route will logically 
be the shortest course, or a straight line. 

While a straight-line route is a reasonable first approximation of the pipeline 
route, there are several common-sense reasons for deviation, including: 


* Significant natural obstacles such as mountain ranges, rivers, swamps, et cetera. 
* Minimizing of control points in the hydraulic profile (discussed later). 

* Access for construction equipment and materials. 

* Permitting restrictions. 


A preliminary route is determined using suitable maps of the area which need 
to show geographic features such as contour lines as well as towns, roads, rivers, 
railroads, existing pipelines and utility corridors, et cetera. World Aeronautical 
Charts are available for most parts of the world, on different scales, for this purpose. 
U.S. Geological Survey maps are particularly useful for pipeline routing in the 
United States. Aerial photographs are also useful. 

Several of the factors which will influence the selection of the design route may 
not be readily identifiable or resolved until later phases of design, in particular, 
environmental and permitting requirements and land acquisition. However, a pre- 
liminary route can be selected and later modified when more information on the 
specific and final route is available. Once an initial route is identified, the ground 
profile is plotted for use in the hydraulic design. 


Example C.5.1. Figure C5.2 is a potential pipeline-route profile for a crude-oil 
pipeline design illustrated in this chapter. This example is a simplified profile. Real 
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FIGURE C5.2 Example pipeline route profile. 
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pipeline systems typically have much more detail, showing river crossings, mountain 
ranges, and other geographical points. 

It should be emphasized that this is not a cross-section of a straight-line course 
from origin to terminal but represents the real route, avoiding major obstacles 
mentioned earlier. The selected route results in a length of 248 miles (400 kilome- 
ters). Elevations of significant points along the route are shown. 

If more than one reasonable alternative route has been identified, they are also 
plotted, and designed and analyzed simultaneously. Following sufficient identifica- 
tion, the alternatives will be evaluated on the basis of construction, operation, and 
maintenance cost, and a comparative economic analysis spanning the effective 
project or system life is performed to identify the preferred alternative. This topic 
is covered in more detail later in this chapter. 


Design Basis 


When beginning the design of a pipeline system, it is necessary to define the basis 
of the design as completely as possible. The general parameters which are required 
for the design of the system include: 


* System operating parameters, such as design throughput or flow rate; operating 
temperature of the system 


* Environmental conditions, such as ambient ground and air temperature (average 
and extremes) 


* Properties of the transported fluid(s), or commodity, such as viscosity, relative 
density, vapor pressure, and pour point temperature. 


System Parameters. There are a number of system parameters which are typically 
defined by the operating company or owner of the system. It is helpful for the 
design flow rate for the system to be defined as closely as possible. Maximum, 
minimum, and forecast future daily or annual throughputs of the pipeline system 
are required for good design, resulting in selection of the economically preferred 
line size as early as possible. This limits the iterations of the design as well as the 
range of alternatives. 

The design throughput of an oil pipeline may vary by year and is usually expressed 
as the average daily flow rate in barrels per day (BPD) or 1000 m? per calendar day 
(1,000 m?/cd), or in million tonnes? per annum (MTA), which requires conversion to 
daily rates for computation. The actual flow rate that a system must be capable of 
attaining to compensate for lost capacity from shutdowns and reduced flow condi- 
tions is the flow rate per operating day BPOD, or (1,000 m?/d), which is greater 
than the flow rate per calendar day. The ratio of flow rate per calendar day to 
operating day is the load factor. 


load factor — rate per calendar day/rate per operating day (C5.1) 


A. well-operated pipeline can be expected to have a load factor of 92 to 95 
percent. For domestic pipelines, this may be used in the design procedure unless 
special circumstances dictate a lower factor. Pipelines to be located in remote areas, 
more complex systems with many pump stations, or pipelines operated with expected 
flow variations would be more reasonably designed to a lower load factor, 85 to 


è A tonne is equal to 1,000 kg (2205 Ibs). 
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90 percent, to account for greater system downtime, i.e., from interruptions in 
service as a result of operations and maintenance. 


Environmental Parameters. The critical environmental parameter for the hydrau- 
lic design is the ambient temperature of the ground, for buried pipelines, or the 
air, for aboveground systems. Most locations will have seasonal variations, and long 
pipeline systems may have variations over the length of the system. It is important 
to identify the mean or average ambient temperature as well as the seasonal and 
local extremes. 


Properties of the Commodity. Specification of the commodity to be transported 
includes identification of viscosity, density, vapor pressure, and pour-point tempera- 
ture. Some of these properties will have to be determined from laboratory tests on 
specific commodity samples. However, design may proceed on the basis of a typical 
commodity and include flexibility for a specified range of variation. 

Viscosity is the physical property of fluids which resists flow and, for liquids, 
varies inversely with temperature. Besides density, viscosity is a key characteristic 
of the fluid to be considered in the design of liquid pipelines, having a significant 
effect on determining line size, station spacing, and pumping-power requirements. 
A discussion of viscosity, including the definitions of kinematic and absolute viscos- 
ity, has been included in Chap. B8, Flow of Fluids. Several of the references may 
also be consulted for viscosity data on specific hydrocarbons and other fluids.59101.12 


Example C5.2. Figure C5.3 shows the approximate viscosity-temperature (for a 
limited range of temperatures) relationship for a crude oil sample, having a viscosity 
of 6.0 centistokes (cSt) at 129.2°F (54°C), and 23.7 cSt at 59°F (15°C). This will be 
used for the basis of the example. 

The viscosity-temperature is not truly linear, unless plotted on a special ASTM 
graph paper designed for this purpose. Figure C5.3 is plotted for the range 32 to 
140°F (0 to 60°C) to the coordinates of ASTM D-341, Chart VII: kinematic viscosity, 
middle range, degrees Celsius, for the temperature range of —40 to 302°F (—40 
to 150°C). 

Reference ASTM D-341" for further discussion. 

For crude oils, the pour point of the oil, i.e., the temperature at which viscosity 
of a cooling oil abruptly increases, needs to be considered to determine if special 
measures are required to move the oil when ambient ground and air temperatures 
are below this temperature. An oil with a pour-point temperature above the ambient 
condition will require dilution with a lighter stock oil (sometimes referred to as 
cutter stock), addition of a pour-point depressant, or a heated pipeline system. 


Isothermal Systems 


Oil transportation pipelines typically will have some variation in temperature over 
the entire system. As this then affects viscosity and has other design impacts, the 
discussion of the hydraulic design will continue based on isothermal—constant 
temperature— systems, with the assumption that temperature variations are limited. 
Special considerations for nonisothermal systems are discussed later. 


Example C5.3.  Crude-oil pipeline system, isothermal flow, 248 ground miles (400 
km) over a route with a maximum elevation of 1476 ft (450 m). Figure C5.2, included 
earlier, shows the route profile for this example. The initial elevation is 131 ft (40 
m) at the origin, and a liquid head level of 492 ft(150 m) with respect to the datum 
is maintained at the terminal. 
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FIGURE C5.3 Example viscosity versus temperature, crude oil. 


Design Basis: 


API gravity at 60°F 


Specific gravity (relative density) based 


on water @60°F (15°C) 
Ambient design temperature 
Viscosity @ 59°F (15°C) 
Viscosity @ 129.2°F (54.0°C) 
Flow rate (average) 
Load factor 


32.6 
0.8623 


39.2°F (4.0°C) 

23.0 cSt 

6.0 cSt 

169,800 BPCD (27,000 m?/d) 
0.9 


The design temperature for average operation differs from the measurement 
standard of the design crude. Consequently, it is necessary to make adjustments 
from the values given here at standard conditions @ 60°F (15°C) to the operating 


conditions.^*!0!1 


MPMS Chap. 11.1’ Tables 5.3A and 5.4A tabulate correction factors for density 
and volume that adjust standard conditions to the design conditions for generalized 
crude oils, which will be used here. Additionally, Tables 5.3B and 5.4B tabulate 
correction factors for generalized products. 
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The correction factors are applied to the standard conditions to adjust density 
and volume to the design conditions. Density-and volume-correction factors are 
reciprocals of each other and can be applied by multiplication or division as re- 
quired. 


Relative density (rd) — standard density kg/m? /1,000 kg/m? (C5.2) 


Relative density @ 4°C = 862.3/1,000 x 1.0091 = 0.8701 
Design flow rate — 27,000/(0.9 x 1.0091) — 29,790m? /d 
adjusted for both load factor and volume correction factor. 

Use 188,700 BPOD (30,000 m?/d) (rounded) 

Viscosity @ 4°C = 37cst, see Fig. C5.3 


System Energy 


Both head, H, and pressure, P, are used in discussing system energy. The conversions 
from head to pressure, and vice versa, are given by the following formulas, for 
standard conditions 60°F (15°C), with correction for specific gravity (sg) or relative 
density (rd) of the commodity, which adjusts the pressure or head to operating 
conditions. 5/01 


H, ft — 2.31 x P, psi/sg (C5.3) 
Or 
H, m = 9.807 x P, kPa/rd 
P, psi = H, ft x 0.433 x sg (C5.4) 
Or 


P, kPa= H, m x 0.102 x rd 
The total pressure drop in a pipeline system comprises three components: 


1. Static pressure drop, due to changes in elevation 
2. Acceleration pressure drop, due to changes in pipe geometry or phase 


3. Friction pressure drop, due to flow rate, fluid properties, and pipe character- 
istics 


When using the term head of fluid to denote system energy, the three components 
of head are typically referred to as static, or elevation head, H,, velocity head, H,, 
and friction head, H;. These are the terms of the Bernoulli equation discussed in 
Chap. B8. Head loss expressed per unit of pipe length uses the lower case h, with 
the same subscripts. 

The elevation head, H,, is the difference between the inlet and outlet elevations 
between points on a system. The velocity-head component for long pipeline systems, 
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FIGURE C5.4 Flow rate versus nominal pipe diameter for velocities of 0.5, 1.0, 2.5, 2.0, and 3.0 
m/s. 


and generally for systems with high head requirements, is a small percentage of 
the total head and is often assumed to be negligible in energy calculations. 

Friction-head loss, on the other hand, is the dominant effect in most liquid 
pipeline systems and can be calculated using one of the following equations pre- 
viously discussed in Chap. B8, Flow of Fluids: 


* Darcy-Weisbach 
* Fanning 
* Hazen-Williams 


The former two equations require a determination of friction factor as a 
function of the Reynolds number. The Hazen-Williams equation accounts for 
friction in a coefficient C, which is an empirically determined factor for the 
specific commodity. 

Friction-loss tables based on the Darcy-Weisbach formula are available in 
many engineering reference books for water and viscous liquids.^? Generally 
these tables, as illustrated in App. E, give friction loss in units of head loss, ft 
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of head per 100 ft of pipe. Multiplying by 10 gives pipe friction loss in ft/1000 
ft, or m/1000 m of pipe length. Each of these unit friction losses can be converted 
to pressure loss per unit of length using the appropriate conversion factor and 
density of fluid. 

Hydraulic calculations are not complex for pipelines with a single commodity 
having little variation in viscosity. The first task is to specify the nominal pipeline 
diameter, or range of diameters, based on the design flow rate. 

An approximation of line size can be made for the design flow rate using the 
tables available in handbooks, standard fluid-design manuals, or engineering refer- 
ence books. The selection of line size is based on a preliminary economic analysis 
of alternatives discussed in Table C5.7 or C5.7M. Depending upon commodity, 
location, distance, and energy costs, velocities for preliminary estimates of line size 
are typically in the range of 2 to 10 ft/s (1 to 3 m/s). Figure C5.4 shows daily flow 
rate in 1000 m?/d versus nominal pipe diameter, DN, in millimeters for velocities 
between 0.5 to 3 m/sec. 

At this point a preliminary choice of one or more wall thicknesses is necessary, 
as eventually a cost of pipe will be found and because wall thickness will also be 
a component of the internal pressure and stress limitations. For a given diameter, 
D, also referred to as the nominal pipe size (NPS) or diameter (DN), a range of 
pipe Specified Minimum Yield Strength (SMYS) and wall thickness, t, is available.'? 
Standard pipe wall thickness, depending on diameter, such as 0.250 in (6.4 mm) or 
0.375 in (9.5 mm), may be used for the early design, and later adjusted if special 
commodity or system requirements are identified, such as high pressure or limitation 
on the allowable pipe stress in a section of the system. 

The examples that follow use the internal design pressure, calculated by Code 
formula for the pipe grade and wall thicknesses, to determine the maximum allow- 
able operating pressure (MAOP). After converting MAOP in units of pressure to 
units of head (MAOH) in feet or meters for the particular density of the fluid, the 
calculated slopes of hydraulic gradients between the MAOH at a pump station and 
the intersection with the ground profile determine pump-station locations for the 
given diameter and flow rate. 


Example C5.4. Returning to the example, for the flow rate of 188,700 BPOD 
(30,000 m?/d), assume that there are three diameters of pipe which are viable to 
illustrate the effect of pipe diameter on design. The following table can be con- 
structed using a tabulation of the Darcy-Weisbach formula and a minimum wall 
thickness of 0.250 in (6.4 mm), for the three diameters: 


TABLE C5.2 Example: Pipeline System Parameters 


Parameter NPS 16 NPS 20 NPS 24 
O.D. and wall thickness, in 16.0 x 0.250 20.0 x 0.250 24 X 0.250 
Flow rate, MBPD nominal 126.8 251.6 126.8 251.6 126.8 251.6 
Roughness, in 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 
Reynold’s number 20,385 40,450 16,200 32,150 13,445 26,680 
Darcy-Weisbach friction factor 0.026 0.022 0.027 0.023 0.029 0.024 
Unit friction loss, ft/mi 65.37 22042 21.88 73.34 9.01 30.05 


Velocity, ft/s 6.64 13.29 3.97 7.95 2.73 5.47 
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TABLE C5.2M Example: Pipeline System Parameters 


Parameter DN 400 DN 500 DN 600 

O.D. and wall thickness, mm 406.4 X 6.4 508.0 x 6.4 610.0 X 6.4 

Flow rate, cubic meters per day 20,000 40,000 20,000 40,000 20,000 40,000 
Roughness, mm 0.0457 0.0457 0.0457 0.0457 0.0457 0.0457 
Reynold’s number 20,240 40,480 16,085 32,170 13,335 26,670 
Darcy-Weisbach friction factor 0.026 0.022 0.028 0.023 0.029 0.024 
Unit friction loss, m/km 12.22 41.78 4.09 13.90 1.68 5.67 
Velocity, m/s 1.90 3.80 1.20 2.40 0.825 1.65 


Figure C5.5 is graphed using the data from Table C5.2M. The use of log/log 
scales results in an approximately linear relationship between flow rate and unit 
friction loss, Aș 

Two of the diameters also show the effect of adjusted viscosity to the operating 
condition of 39.2°F (4°C). 

It is important to point out the adjustments made for the viscosity at operating 
temperature. If using a reference table based on water (sg = 1.0) to determine unit 
friction loss, or if the friction loss chart is based on viscosity at 60°F, corrections 
would need to be made for the design temperature and viscosity of the specific 
commodity at operating conditions. 

Summing the friction losses for a specific set of pipeline diameters along the 
system results in the net friction head that must be overcome by the pump stations 
of the system. In addition, the positive or negative static head due to elevation 
difference between the inlet and outlet must be considered in determining the 
pumping requirements of the system. Minor losses at valves and fittings between 
stations are normally ignored, initially, or an allowance of an added length of pipe 
may be added to the scaled length to determine the estimated total system friction 
head loss. 


Hydraulic Gradient 


The hydraulic gradient is a profile representing the static head at any point in the 
pipeline system, relative to a common datum elevation, which is usually mean sea 
level. Ground elevation is represented by the route-elevation profile to the same 
datum. Energy added to the system through a pump station is plotted above the 
elevation profile. Head losses from friction, et cetera, are also shown graphically. 
For a pipeline system with constant parameters along the system, such as viscosity, 
relative density, and diameter, the hydraulic gradient will be a straight line with a 
slope equal to the friction loss per unit of length, Ay, for a specific flow rate. Therefore, 
the actual pressure in the pipeline at any point along the route is the difference 
between the hydraulic gradient and the ground elevation. 

Figure C5.6 illustrates the slope of hydraulic gradients based on the 188,700 
BPOD (30,000 m?/d) flow rate and the three diameters tabulated in Table C5.2M, 
where an assumed pump-station discharge head of 3281 ft (1000 m) is shown at 
the origin. The hydraulic gradient, being the available head at any point along the 
pipeline route, cannot be less than the elevation of the pipeline-route profile. 
Therefore, where the gradient intersects the pipeline elevation, a pump station is 
required. It is obvious from Fig. C5.6 that unrealistically high station discharge 
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heads would be required for only one pump station using NPS 16 (DN 400) or NPS 
20 (DN 500) pipe. However, one station could be used on the NPS 24 (DN 600) 
pipeline by elevating the hydraulic gradient at the station discharge sufficiently to 
clear the ground profile at mile post 202 (kilometer post 325). The station discharge 
head is usually selected on the basis of the maximum allowable pressure rating for 
valves and fittings, or the MAOP of the selected pipe, whichever provides the 
required operating flexibility, and is the most attractive economically. 

The example above for the NPS 24 (DN 600) pipeline illustrates an important 
use of the hydraulic gradient for identifying hydraulic control points on a pipeline 
route. A hydraulic control point is a high elevation point that will govern the inlet 
head for a section of pipeline as discussed above. In the example, the maximum 
profile elevation of 1476 ft (450 m) at milepost 199 (kilometer post 320) is a control 
point. It is logical that the hydraulic gradient must clear the ground elevation control 
point, but in doing so, two situations may result downstream as shown in Fig. C5.7 
for the hydraulic gradient of the NPS 24 (DN 600) line. 


1. Either the line is designed to flow full, requiring that back pressure control is 
provided at the terminal, or 
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FIGURE C5.6 Example hydraulic gradient for 30,000 m?/d for DN 400, DN 500, and DN 600 


nominal pipe size. 


2. Without back pressure control, the length of line downstream of the control 
point will flow partially full in a cascade or slack-line condition. Slack flow 
may not be a desirable condition in some pipeline systems; however, systems 
transporting crudes having low vapor pressures can, and do, operate successfully 


with slack flow. 
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FIGURE C5.7 Example for clearance of a control point illustrating backpressure control and 


slack flow for 30,000 m?/d. 
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In this example, the hydraulic gradient of the NPS 20 (DN 500) line clears the 
elevation of the control point, and the considerations for back-pressure control or 
slack flow only occur at lower flow rates. 

Throughout this section, the example which will be discussed is a system with 
constant flow rate and one delivery point. In general, pipeline systems may have 
intermediate injection or delivery points along the route such that flow in the main 
line is increased or decreased. Hydraulic design of this type of system requires that 
the gradients for each section of the system with different flow rates be calculated 
and plotted in succession along the pipeline. 


Maximum Allowable Operating Pressure 


Section 404.1.2 of the Code expresses the required wall thickness for the internal 
design pressure for straight pipe by Eq. C5-5. 


t— Bx D/Q x S) (C5.5) 


where P; = maximum allowable internal gauge pressure, psig (SI and metric units, 
see Eq. C5.6) 
D = outside diameter, in (mm) 
S4 = allowable stress, psig (MPa)— see sec. 4.2 
t — wall thickness, in (mm) 


Expressing Eq. C5-5 in the following form for calculating the internal design 
pressure, 


P,=BxS,xt/D (C5.6) 


The constant B is determined by the units of the allowable stress $4, and the 
units of pressure to be determined using the ratio of t/D in consistent units. 


Units SI bar Metric English 
Allowable stress $4 MPa MPa MPa psi 
Pressure MPa bar kPa psi 


Constant B 2.0 20 2000 2.0 


Wall thickness, f, for calculation of the MAOP excludes additional thickness for 
corrosion allowance, or imposed stresses such as concentrated loads at supports, 
thermal expansion or contraction, and bending. Determination of additional re- 
quired wall thickness for these considerations is discussed later in this chapter. 

At this point, the reader is referred to the tabulations for specified minimum 
yield strength and allowable stress which can also be found in API Specification 
5L, Specification for Line Pipe, which is based on the restrictions on allowable 
stress, according to the Code. 

The following example uses the tabulated allowable stress values of API Specifi- 
cation 5L, and solves Eq. C5.6 for P; based on an assumed diameter, wall thickness, 
and material. 


Example C5.5. For the example pipeline system, assume the steel pipe is API 
grade 5L-X60, having a specified minimum yield strength of 60,000 psi (413 MPa). 
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TABLE C5.3 Maximum Allowable Operating Pressure 


Pipe nominal size, NPS 16 2.0 2.4 
Pipe wall thickness, in 0.250 0.312 0.250 0.312 0.250 0.312 
MAOP, psig 1,350 1,684 1,080 1,347 900 1,123 


MAOH, ft? 3,580 4,468 2,864 3,574 2,387 2,978 


TABLE C5.3M Maximum Allowable Operating Pressure 


Pipe nominal diameter, DN 400 500 600 
Pipe wall thickness, mm 6.4 7.9 6.4 7.9 6.4 7.9 
MAOP, kPa! 9,366 11,561 7,493 9.249 6.240 7,702 


MAOH, m? 1,097 1,354 878 1,083 731 902 


1 API wall thickness in millimeters is approximately 0.6% greater than direct conversion of API wall 
thickness in inches, which yields a corresponding increase of MAOP when converted from wall thickness 
in English units. Maximum allowasble operating pressures are gauge. 

? Allowable head is based on 0.8701 specific gravity (rd). 


Tables C5.3 and C5.3M tabulate the MAOP and MAOH for grade X60 pipe for 
three diameters and two wall thicknesses. 

(Calculations are based on Eq. C5.5, using actual pipe diameter, mm, and tabu- 
lated value of SMYS from API 5L. Allowable stress, S4, calculated using Eq. C5- 
14, is 74.93 bar (7,493 kPa) with design factor of 0.72, and SMYS of 413 MPa per 
tables in API Spec 5L.) 

The MAOP is used in the development of the system hydraulic design as a limit 
on the internal pressure component of the hydraulic gradient. When plotted above 
the route profile, the hydraulic gradient may not exceed this limit and still be 
designed to the B31.4 Code. MAOP is also used in determining the approximate 
number of pump stations. 


Pump Stations 


The calculated total system head required to achieve a given flow rate through a 
pipeline system with a selected diameter, which includes the total friction component 
and the static elevation difference between inlet and outlet, determines the pumping 
requirements of the system. As seen in Fig. C5.6, at least one intermediate pump 
station is required for the example system and pipe diameters illustrated. This 
section discusses a method of determining how many pump stations are required 
and locating them on the basis of hydraulic balance and a graphical method. 


Number of Pump Stations. A rough number of pumping stations is found by 
dividing the total system pressure or head required to overcome elevation changes 
and friction, by the maximum allowable operating pressure or head, MAOP or 
MAOH, for a specific diameter, wall thickness and pipe material, using consistent 
units. For example: 


No. of pump stations = Total System Head/(MAOH — NPSH) (C5.7) 
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Example C5.6. The first step to determining the number of pump stations is to 
determine the pressure or head required to overcome the frictional resistance caused 
by the flow of oil. Using a NPS 20-(DN 500) diameter pipe size with 0.250 in- (6.4 
mm) wall thickness (this is usually written 20 X 0.250 in (508.0 X 6.4 mm) and a 
hand-held calculator programmed with the Darcy-Weisbach equation, the unit fric- 
tion head loss, hj, for the design flow of 188,700 BPOD (30,000 m?/d) is 44.06 ft/ 
mi (8.35 m/km). 

Summing the friction head loss over the 248 miles (400 kilometers) measured 
length of the system yields 10,958 ft (3,340 m) of total head loss due to friction, Hj. 

There is also a static head, H,, of 361 ft (110 m) to be pumped against due to 
a change in elevation between the initial point and the head required at the terminal. 

The total head, H, which is required from all pump stations on the system, is 
the sum of the static head and the friction head: 


H, ft= (H; +H) ft H, m= (Hg + Hj) m 
10,958 + 361 = 3,340 + 110 (C5.8) 
— 11,319 ft = 3,450 m 


The MAOP of API 5L Grade X60 pipe NPS 20 x 0.250 in wall (DN 500 x 6.4 
mm), expressed in units of head is 2 864 ft (873 m). Assuming 82 ft (25 m) of head 
loss in station piping, the available head per station is 


Number of pump stations — 11,319 ft/(2,864 — 82) ft — 4.07 
— 3,450 m/(878 — 25) m — 4.04 


Fractional stations may be accounted for by using heavier wall pipe for a limited 
length, or by installing a booster station. These alternatives are evaluated on the 
basis of economics. 


Location of Pump Stations. One pump station is located at the initial point of 
the pipeline. Downstream stations are initially located such that each of the pipeline 
sections will be in hydraulic balance, i.e., with each station having approximately 
the same differential head or pressure, thereby distributing the energy load equally. 


Pump Station Total Number of 


Differential Head = System Head/Pump Stations (Com) 

In level terrain, this procedure for determining the number of pump stations 
would space stations equally along the route. However, in uneven terrain, such as 
in the example, the stations can be balanced using a graphical technique. 

Figures C5.8 and C5.9 illustrate stations located graphically for the NPS 20 (DN 
500) and NPS 24 (DN 600) pipelines by beginning at the elevation required at the 
terminal, then drawing the hydraulic gradient upstream to the intersection of the 
MAOH of the pipe, which is plotted above the ground-elevation profile. This 
location establishes the Actual Discharge Head (ADH) at the discharge valve of 
the pump station. The ADH is used here to avoid confusion with the term Total 
Discharge Head (TDH), which refers to pump performance relative to the centerline 
elevation of a pump.” 

The elevation of the hydraulic gradient into the station is plotted above the 
ground elevation by the allowance to provide station losses to the pumps, and 
provide the required Net Positive Suction Head (NPSH) at the pumps. In this 
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FIGURE C5.9 


Hydraulic gradient for DN 600 pipeline example, 30,000 m?/d with profile control 


point and backpressure control at terminal. 
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example the allowance is 25 meters. The difference between the ADH and the 
elevation of the incoming head is the difference between the head at the station 
discharge valve and the station suction valve, and is the station differential. In this 
example, the station differential is the MAOH of the pipe, minus the allowance 
for station suction losses and NPSH. The example below shows the calculation 
for the station differentials for the NPS 20 (DN 500) and NPS 24 (DN 600) 
systems. 


Example C5.7: Station Differentials 


Nominal pipe size NPS 20 (DN 500) NPS 24 (DN 600) 
OD and wall, in (mm) 20 x 0.250(508.0 x 6.4) 24 x 0.250(610.0 x 6.4) 
MAOH, ft(m) 2863(873) 2387 (731) 
Station loss, ft(m) 82(25) 82(25) 
and NPSH 

Station differential, ft(m) 2781(848) 2305(706) 


The actual differential head required of the pumps, however, is greater than the 
station differential by adding the total of all station losses including a discharge 
pressure-control valve if one is included in the station discharge piping. 

Generally, an allowance of 50 to 100 feet (15 to 30 meters) of head at the intake 
of the pump station will account for the suction requirements of the pumps, station 
valves, and fittings losses. The estimate may be revised once specific pumps at a 
given station— station piping and control discharge head and the associated suction 
head requirements—are determined. Subsequent pump stations are located simi- 
larly with the use of a parallel-rule drafting tool to draw the gradients. 

Alternatively, in more complicated terrain, pump-station locations may be deter- 
mined beginning at the initial point and the MAOH, then progressing downstream 
using the same graphical procedure. Using this procedure, the station is located at 
the elevation required for the incoming hydraulic gradient above the ground profile. 

While it is not required that the pump stations along a pipeline system be equal 
in energy, or discharge head, doing so results in a better operating environment. 
Other considerations may preclude a pure balance between the stations. For exam- 
ple, it may be necessary to fix or shift the location of intermediate pump stations 
due to unsuitable terrain, population and infrastructure criteria, or operations and 
maintenance considerations. Many designs, especially in rugged terrain or populated 
regions, may involve fixing certain key stations in accessible locations, i.e., near 
power lines, then locating other stations by the trial and error method. 

The graphical technique described here allows leeway to make these adjustments. 
A considerable amount of adjustment can be made with little effect on the total 
hydraulic design, with respect to pipe diameter or total pump station power. How- 
ever, moving stations to accommodate unequal station differentials may require 
using heavier wall pipe on the discharge of some stations. Figures C5.8 and C5.9 
illustrate using 0.312-in (7.9 mm) wall pipe for the NPS 20 (DN 500) and NPS 24 
(DN 600) systems at the discharge of station 1 to accommodate the hydraulic 
gradients that exceed the MAOH of 0.250-in (6.4 mm) wall pipe used farther 
downstream. In this case, the total requirement for heavier wall pipe to avoid a 
fractional station is installed at the initial station rather than distributed in shorter 
sections to the discharge of the remaining stations. 
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In the cases illustrated, using 0.312-in (7.9 mm) wall pipe increases the friction 
loss between station 1 and station 2, and the pumping head at station 1. 


Example C5.8: Incremental Friction Loss 


Nominal pipe size NPS 20 (DN 500) NPS 24 (DN 600) 
Pipe diameter, in (mm) 20.0(508.0) 24.0(610.0) 
Wall thickness, in (mm) 0.250(6.4)0.312(7.9) — 0.250(6.4)0.312(7.9) 
Friction loss, ft/mi 44.06 45.43 18.00 18.55 
(m/km) (8.35) (8.58) (3.42) (3.50) 


Incremental friction, ft/Ámi 45.43 — 44.06 = 1.37 18.55 — 18.09 = 0.46 
due to increase of 
wall thickness, (m/km) 8.58 — 8.35 = 0.23 3.50 — 3.42 = 0.08 


Length of pipe, mi (km) 19.3(31) 24.9(40) 


Total incremental friction 
loss, ft(m) 26.4(7.1) 11.5.2) 


In cases where the hydraulic gradient crosses deep defiles in the terrain, heavier 
wall pipe may be required to prevent exceeding the MAOH at these locations. 
Increased friction loss is determined for these locations similar to this example, or by 
accumulating the distance and friction loss for each of the selected wall thicknesses. 


System Growth and Station Bypass. Many pipeline systems are designed to oper- 
ate, initially, at a reduced flow rate, with increments added in subsequent years. 
The design basis for these systems is usually the economic-maximum future flow 
rate, considering oil characteristics, pipe diameter, wall thickness, and grade of steel. 

During the early years of operation, only the stations necessary to transport the 
initial flow rate are installed. Stations are then added as flow rate is increased 
until the pipeline is fully developed. Intermediate pumping stations are installed 
at locations determined from the design for the maximum flow rate. As part of the 
system design, each station, except the first, is omitted from the system to establish 
the maximum flow rate possible through the system for that configuration. In other 
words, each omitted station creates a bottleneck in the system at some maximum 
flow rate. 


Example C5.9. The bypass operating conditions for the NPS 20 (DN 500) and 
NPS 24 (DN 600) pipeline systems are shown in Fig. C5.10 and C5.11. 

The hydraulic gradient bypassing a single station is drawn, and the unit head 
loss determined, graphically or numerically. Then, using the unit friction-loss graph 
constructed earlier for the specific crude oil transported in the system, Fig. C5.5, 
the limiting flow rate is found. In Fig. C5.10, the section between stations 1 and 3 
is a bottleneck section that limits the flow rate to 116,800 BPOD (20,800 m?/d.) 

Designing for bypassing station 2 in the NPS 20 (DN 500) and NPS 24 (DN 
600) systems would use 19 and 24 (nominal) miles (31 and 40 km) of 0.312-in 
(7.9 mm) wall pipe respectively, as illustrated in Figs. C5.10 and CS5.11. Pipe 
tonnage would be adjusted upward as shown in Tables C5.8 and C5.8M to 
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FIGURE C5.10 Hydraulic gradient for DN 500 pipeline example, 20,800 m?/d with bypass at 
stations 2 and 4. 
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FIGURE C5.11 Example hydraulic gradient for DN 600 pipeline, 18,900 m?/d with bypass at 
station 2 and profile control point at kilometer 325. 
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reflect the effect of ground-elevation profile on the mechanical design and cost. 
Additional heavier wall pipe would be inserted in other locations where the 
MAOH would lie below the hydraulic gradient to accumulate the appropriate 
pipe tonnage. Additionally, the increasing wall thickness adds to the friction 
loss. In this case, the added friction loss would appear at station 1 and increase 
the pumping power at this station. 

Figures C5.9 and C5.11 for the NPS24 (DN 600) pipeline illustrate a hydraulic 
control point establishing the elevation of the hydraulic gradient out of a station. 
The elevation added to clear a hydraulic control point adds to the static head 
difference for pumping. In Fig. C5.9, the added head for the design flow rate shifted 
the intermediate pump station closer to the hydraulic control point than for a level 
line. The added head was then moved to station 1 by limiting the discharge head 
at station 2 to the MAOP of NPS 20 (DN 500) wall pipe. 

In this case, 0.312-in (7.9 mm) wall placed at station 1 for the design flow rate 
is available for increasing flow rate when bypassing station 2. The incremental 
length of 0.312-in (7.9 mm) wall pipe at station 1 to bypass station 2 is 25 mi (40 
km) to utilize the available MAOH of 0.312-in (7.9 mm) wall pipe at station 1, 
which is illustrated in Fig. C5.11 Placing any length of 0.312-in (7.9 mm) wall pipe 
at station 2 would not be available for improving the flow rate to bypass station 2. 

Depending upon the ground profile and the length of the system, bypassing one 
station may also allow bypassing other stations and redistributing units of pumping 
energy among the remaining stations, as illustrated for the NPS 20 (DN 500) system 
in Fig. C5.10. This same analysis can also be used to establish the logical growth 
pattern for installation of intermediate stations. 

Once the logical growth pattern has been established, and the hydraulic gradients 
plotted for each stage of growth, it is possible to identify sections of the pipeline 
where different wall thicknesses, material with higher yield strength, or reductions 
in line diameter may be economical. When the pipeline system is fully commissioned 
and operating, this design becomes the operating design for the system when any 
station is bypassed. 


System Curves. The basis for selecting the actual type and size of pump unit(s) 
at a station is aided by plotting the resistance curve for the section the station 
must deliver energy to and superimposing it on the characteristic operating, or 
performance, curve of the pump(s) being considered. 

The system-resistance curve is constructed using the unit head loss curve, such 
as Fig. C5.5. For several flow rates, h, is multiplied by the distance to the next 
station, resulting in the friction loss in that section of pipeline for each of the several 
flow rates. A graph can be constructed this way for a range of operating flow rates. 
Superimposed on this is the head required to overcome elevation changes between 
two stations, or the elevation of a critical profile point, plus an allowance for station 
losses resulting from flow-through fittings, control valves, et cetera. The resulting 
curve is the system-resistance curve and is concave upward, i.e, the total friction 
head increases at a faster rate than flow rate increases. 


Example C5.10. Figure C5.12 is the system-resistance curve for Station 1 of the 
NPS 20-(DN 500) diameter example. 

A pump unit of a given model and size can deliver a specific quantity of flow 
at a given discharge pressure or head. Pump manufacturers publish this information 
in the form of head-capacity curves, otherwise known as pump-performance curves. 
Performance curves for centrifugal pumps are characteristically concave downward, 
i.e., delivered head decreases as capacity increases for a given model. 
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FIGURE C5.12 System curve for Station 1 with example pump-performance curve. 


Superimposing a pump-performance curve on the system-resistance curve results 
in an intersection of the two curves, which is the operating point of the pump units 
at the station. The configuration of multiple pumps at a station is also considered. 
For example, pumps in parallel result in increased capacity without a similar increase 
in head delivered. Pumps in series yield increased head at a given capacity, which 
is roughly additive.’ Therefore, the net performance curve of the combination 
of pumps at the station and the combination of pump units that satisfies the required 
pumping head and power requirements most efficiently are selected for that station. 


Nonisothermal Systems'*'5 


Up to this point, the discussion of hydraulic design has focused on isothermal 
pipeline systems. However, in general, the physical properties of petroleum com- 
modities are temperature dependent, and the significance of temperature change 
varies with the commodity. Therefore, the true nature of liquid petroleum systems 
is nonisothermal. 


Temperature Profiles. The basis for nonisothermal hydraulic design is an analysis 
of the thermal nature of the system, considering variations of external, or environ- 
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mental, temperature as well as systemic factors, i.e., flow rate and its effects on 
friction, including heat generated by friction. The analysis of a particular system's 
hydraulic design is based on an analysis of the temperature profile for the range 
of operating conditions. 

The temperature profile can be calculated by the following equation (holds for 
any set of consistent units): 


T(x) = T(a) + [T(0) — T(a)] x e^» (C5.10) 


where T(x) = temperature at distance x along the pipeline, °F (°C) 
T (a) = ambient temperature, °F (°C) 
T (0) = temperature at the initial point, °F (°C) 
u = overall heat transfer coefficient per unit of area, Btu/ (hr-ft-°F) 
(W/m?-?C) 
= pipe surface area per unit of length, ft’/ft (m’/m) 
— distance from initial point, ft (m) 
= weight of fluid per unit of length, Ib,/ft (kg/m) 
= specific heat of fluid, Btu/Ib,-°F (J/kg,- °C) 
velocity of fluid, ft/s (m/s) 
J = joule, N-m 
W = watt, J/s 


<a tee 
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Hydraulic designs for heavier commodities, such as heavy crude oils and residual 
fuel oils, are influenced largely by the effect of temperature on viscosity and related 
friction losses. For lighter commodities, such as gasoline and natural gas liquids 
(NGL), hydraulic friction losses diminish continuously with declining flow rate, but 
for some heavy commodities, continuing reduction of flow rate may cause an increase 
in pump-station discharge pressure to overcome the fluid’s resistance to motion by 
increasing viscosity. Hydraulic design for the lighter commodities, although rela- 
tively independent of viscosity, is more dependent on vapor pressure, which is also 
a function of temperature. 

In the discussion of isothermal oil systems, Fig. C5.5 illustrated that at constant 
flow rate, unit friction loss increases with declining temperature, and that at constant 
temperature, unit friction loss reduces with declining flow rate. In nonisothermal 
systems, temperature typically decreases at increasing distance from a heating sta- 
tion, increasing the unit friction in the direction of flow, which is illustrated in Fig. 
C5.13. Generally, total friction loss in a hotoil pipeline decreases with declining 
flow rate as in isothermal systems. However, for some commodities, friction loss 
reaches a minimum, then increases at lower flow rates. Figure C5.14 shows that 
pipeline friction for 113,200 BPD (18,000 m?/d) lies above the pipeline friction for 
150,950 BPD (24,000 m?/d) at distances greater than 53 mi (85 km), and above 
188,700 BPD (30,000 m?/d) at distances greater than 65 mi (105 km). Figure C5.14 
includes the beneficial effect of heat of friction. Friction loss would be greater if 
heat of friction were ignored. 


Heat of Friction. In a flowing fluid, the pressure dissipated by friction becomes 
heat. The effect of friction heating generally increases with flow rate, viscosity, 
insulation, and line length. Heat of friction should be considered at high flow rates 
to assure that overheating will not occur. Pipeline insulation to reduce heat loss 
during cold weather may contribute to overheating in summer. 

When heat of friction is considered, the limit of cooling while the line is operating 
can be obtained by adding the temperature offset by heating to the ambient tempera- 
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FIGURE C5.13 Example temperature profiles for DN 500 hot-oil system, 18-, 24-, and 30-thousand 
m?/d. 


ture. The temperature offset is calculated by solving the heat-flow equation for 
temperature difference where the heat flow equals the frictional heat generated by 
a unit length of fluid flowing in the pipe: 


(T — T) = O/(u x A) (C5.11) 


where Q = unit heat of friction, Btu/ (h- ft) (J/s- m) 
u = heat transfer coefficient per unit of area, Btu/ (h- f? - °F) (W/m? - °C) 
A = pipe surface area per unit of length, ft’/ft (m?/m) 
T = flowing temperature, °F (°C) 
T, = ambient temperature, °F (°C) 
J = joule, N-m 
W = watt, J/s 


The heat of friction, Q, can be calculated by converting the unit friction 


loss to heat, and multiplying by the weight of fluid per unit length and velocity 
in m/sec. 
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FIGURE C5.14 Example DN 500 pipeline friction versus temperature, 18-, 24-, and 30-thousand 
cubic meters per day. 


For large diameter pipelines and high flow rates, heat generated by friction loss 
should also be included in the temperature profile, and the following equation re- 
sults: 


T (x) = [T (a) + Q/uA] + (T (a) — IT (a) + Q/uAYe - "^9/eV — (C5.12) 


where Q = heat generated per linear unit of flowing liquid in a unit of time by 
converting the unit friction loss to thermal units as previously described. 


Example C5.11. Figure C5.13 shows calculated temperature profiles versus dis- 
tance, including heat of friction, for a 0.976-specific gravity- (976.0 kg;/m*) density 
crude oil, flowing between 113,200 BPD (18,000 m?/d) and 188,700 BPD (30,000 
m?/d) in a NPS 20-(DN 500) diameter pipeline. 
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Figure C5.14 shows friction loss as a function of the distance from a pumping 
and heating station, with an initial temperature of 149°F (65°C) to correspond with 
the temperature profiles of Fig. C5.13. 


Thermal-Hydraulic Gradients 


For initial hydraulic designs, once the temperature profile is determined, the system 
can be divided into discrete sections and the thermal-hydraulic gradient calculated 
for appropriate sections using the average viscosity of the successive sections. Station 
locations and sizes are then determined in the manner described for the isother- 
mal case. 

For a more detailed hydraulic design, it is recognized that the hydraulic gradients 
of nonisothermal systems are curves of increasing friction loss as a result of cooling, 
as the distance from the pumping and heating station increases, unless heat of 
friction is a significant factor, such as in a large diameter line at high flow rates and 
with a low initial temperature, wherein temperature may actually increase with 
distance from the station. 


Example C5.12. Table C5.4M and Fig. C5.15 illustrate the hydraulic gradients of 
a pipeline system for 0.976 sg-(976.0 kg;/m*) density crude oil along the given route, 
for three flow rates—113,200 BPD (18,000 m?/d), 150,950 BPD (24,000 m?/d), and 
188,700 BPD (30,000 m?/d). The discharge temperature at each station is 149°F 
(65°C), and the ground temperature is 50°F (10°C). 

Table C5.4M illustrates the effect of increasing distance between heating stations 
by comparing the difference in friction loss between Station 1 and the remaining 
stations as flow-rate increases. 

This example illustrates, by comparison with Fig. C5.8, the effect of characteristics 
between a 0.8701 and 0.976-relative-density (32.6 and 13.5 API gravity) crude oil 
on the hydraulic, mechanical, and operating designs that differ between an isother- 
mal and nonisothermal system for a given pipeline route. 

The hydraulic and mechanical designs of nonisothermal systems are more de- 
tailed than systems within the isothermal range at usual ambient temperatures 
including the additional effects of temperature on stresses and of materials and 
components for the operating conditions. Mechanical design is discussed in the 
following section. 

Intermediate pumping and pumping and heating stations would be investigated 
in this example to determine the effect increasing the average flowing temperature 
would have on reducing average viscosity and the total friction loss, and on establish- 
ing the required wall thickness between pumping stations. Further analysis would 
also include increasing the temperature of the heated crude leaving the stations 
and insulating the pipeline and analyzing other pipe diameters. 

With some commodities such as heavy and waxy crudes, the effect of friction 
heating can be significant, and it results in a decrease in the energy required for 
pumping. The decrease in pumping energy is a factor of how much the viscosity 
decreases by increasing temperature and how sensitive the flow regime is to changes 
in viscosity, i.e., pressure drop in laminar flow is a stronger function of viscosity 
than in transition flow and is a relatively insignificant function of viscosity in the 
fully turbulent flow regime. 


Shutdown and Restart. During periods when flow ceases, fluid in the pipeline 
cools statically without the heat of friction until flow resumes, or the system reaches 


vico 


TABLE C5.4 Example: Hot Oil System Station Discharge Heads, NPS 20 System 


Station 1 Station 2 Station 3 Station 4 

Unit at origin MP 46.6 MP 108.7 MP 174.0 
Flow rate MBPD 113 151 189 113 151 189 113 151 189 113 151 189 
Friction loss feet 2,067 2,677 4,301 4,451 4,580 4,961 4,4455 4,580 4,967 6,522 5,892 6,066 
Head at inlet downstream feet 1,257 1,257 1,257 1,138 1,138 1,138 1,020 1,020 1,020 492 492 492 
Head out of station feet 3,323 3,524 4,301 5,594 5,719 6,106 5,476 5,600 5,988 7,014 6,385 6,558 
Station elevation feet 131 131 131 1,175 1,175 1,175 1,056 1,056 1,056 938 938 938 
Suction loss + NPSH feet 82 82 82 82 82 82 82 82 82 82 82 82 
Station differential feet 3,310 3,310 4,088 4,337 4,462 4,849 4337 4462 4,849 5,994 5,364 5,538 
Station loss feet 82 82 82 82 82 82 82 82 82 82 82 82 
Pumping head feet 3,192 3,392 4,170 4419 4544 4,931 4419 4544 4,931 6,076 5,446 5,620 

TABLE C5.4M Example: Hot Oil System Station Discharge Heads, DN 500 System 

Station 1 Station 2 Station 3 Station 4 

Unit at origin km 75 175 km 280 
Flow rate 1,000 m?/d 18 24 30 18 24 30 18 24 30 18 24 30 
Friction loss meters 630 691 1,311 1,358 1,396 1,514 1,358 1,396 1,514 1,988 1,796 1,849 
Head at inlet downstream meters 383 383 383 347 347 347 311 311 311 150 150 150 
Head out of station meters 1013 1,074 1,311 1,705 1,743 1,861 1,669 1,707 1,825 2,138 1,946 1,999 
Station elevation meters 40 40 40 358 358 358 322 322 322 286 286 286 
Suction loss + NPSH meters 25 25 25 25 25 25 25 25 25 25 25 25 
Station differential meters 948 1,009 1,246 1,322 1,360 1,478 1,322 1,360 1,478 1,8227 1,635 1,688 
Station loss meters 25 25 25 25 25 25 25 25 25 25 25 25 
Pumping head meters 973 1034 1,271 1347 1,385 1,503 1,347 1,385 1,503 1,852 1,660 1,713 
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FIGURE C5.15 Example plot of DN 500 hot-oil pipeline hydraulic gradients for 18, 24, and 30 
thousand m?/d. 


the ambient temperature. During static cooling, the temperature may be calcu- 
lated by 


T (t) 2 T(a) + [T(0) — T(a)] x e WAN (C5.13) 


where T(t) = temperature at time t, °F (°C) 
T(a) = ambient temperature, °F (°C) 
T(0) = temperature at the initial point, °F (°C) 
t = time from start of static cooling, s 
e = base of natural logarithms 
heat transfer coefficient, Btu/h - ft? -°F (W/m? - °C) 
weight of fluid per unit length, Ib;/ft (kg,/m) 
= specific heat, Btu/Ib,- °F (J/kg;- °C) 
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On restart, the viscosity, determined by the local temperature, determines the 
local friction loss. The restart flow rate and pressure may be determined by dividing 
the pipeline into segments, then summing the friction losses of the segments. Re- 
peating this process stepwise as sequential segments are displaced with heated oil 
determines the calculated startup pumping rate and restart time. Waxy crudes 
may develop a yield stress on cooling, which may require additional pressure to 
reestablish flow. 

Figure C5.14 showed that a flow rate can be reached where friction loss can 
increase for decreasing flow rates. At lower flow rates, where friction loss increases, 
the friction loss may increase beyond the head capacity of the pumps or the pressure 
rating of the pipeline leaving the station. This condition would plug the pipeline 
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and must be avoided. Methods of preventing plugging a pipeline that cools below 
the limit of pumpability, either by low flow rate or static cooling include: 


* maintaining the flow rate above the temperature at which the viscosity effect 
increases friction loss 


* blending with a lighter oil having a lower pour point (a cutter stock) to reduce 
the viscosity at lower temperatures 


* displacing with a displacement fluid before static cooling 


* insulating and heat tracing 


Pipelines using the displacement method generally require preheating before 
refilling the line with the commodity. These systems are preheated by circulating 
heated displacement fluid until the system is sufficiently warm to accept the heated 
commodity and allow time to redisplace if a false start should occur during the 
refill and restart operation. 


MECHANICAL DESIGN 


Mechanical design of a pipeline system is the selection of materials, including type 
of steel and diameter and wall thickness of pipe. Selected also are methods of 
support and restraint for the system in response to the loadings and stresses imposed 
on the pipeline system by physical pressures and forces such as the internal and 
external design pressures; static loadings and weight effects of the pipe, fluid, and 
soil; dynamic loadings from wind, waves, earthquake, and other natural forces; and 
relative motion of connected components. These factors impose loadings on the 
pipe and result in longitudinal, hoop, and radial stresses which must be evaluated 
in the mechanical design of the piping system. 

In addition to the mechanical factors that affect the allowable stress levels for 
design, the grade of steel and wall thickness determine welding procedures and 
affect construction cost. Section 434.8 of the Code prescribes the requirements for 
welding. Section 434.8.3 specifies welding qualifications with reference to API 1104 
and Sec. IX of the ASME Boiler and Pressure Vessel Code. The engineer should 
refer to these references for welding requirements that may determine the maximum 
diameter, wall thickness, or grade steel for the system on the basis of cost. 

The mechanical design of the pipeline, with respect to restraint against longitudi- 
nal, or axial, and radial motions, considers the pipeline as a unit and must provide 
sufficient flexibility in the system to ensure that expansion or contraction, as a result 
of the internal or external loadings, do not cause excessive stresses in the piping 
material, bending moments at joints, or excessive forces or moments at points of 
connection to equipment or at supports. 

Mechanical piping-system design primarily utilizes computer programs, many of 
which operate on personal computers. In most cases, the code requirements are 
built into the programs, so for a set of internal pressures and external loadings, the 
program will give the optimum wall thickness, pump locations, and maximum stress 
values on the basis of parameters input by the engineer. However, this does not 
preclude the possibility of error. The engineer must be able to determine accurately 
the required loadings and pressure and to analyze the computer results, verifying 
their validity to the overall system. 
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Line Pipe, Fittings, and Valves 


Specifications for line pipe and for fittings, valves, and flanges are given in various 
API, ANSI, and ASME standards and specifications including: 


* ANSI/ASME B36.10M, Welded and Seamless Steel Pipe 

* ANSI/ASME B36.19M, Stainless Steel Pipe 

* API 5L, SLU, Line Pipe 

* ANSI B16.5, B16.9, B16.10, B16.11, B16.25, B16.28, Flanges, Fittings, Valves 
* API 6D Pipeline Valves, Gate, Plug, Ball, and Check Valves 

* API 600, 602, 603, Valves 


Additional information on components of piping can be found in Chap. A2, 
Piping Components. Chapter A10 deals with selection and application of valves. 

Line pipe is manufactured by several methods, the most common being seamless 
(SMLS), electric resistance welded (ERW), and submerged arc welded (SAW) in 
the form of longitudinal and helical (spiral) welds. Table C5.5 summarizes some 
of the characteristics for these four types of pipe manufacture. Each has advantages 
and disadvantages for different uses, and there are also economic and availability 
considerations which enter into the decision on the type specified and supplied on 
a particular project. 

With respect to the mechanical design of a pipeline, the characteristic of line 
pipe which is of critical interest is the specified minimum yield strength (SMYS) 
of the material. API 5L, Specifications for Line Pipe, is available in various strength 
grades, ranging from Grade B, rated at 35,000 psi (241 MPa) to Grade X80, rated 
at 80,000 psi (551 MPa), where the Grade X80 refers to the SMYS in ksi, which is 
defined as kips per square inch, a kip being 1,000 pounds. 

There is some advantage to the higher strength grades, principally that wall 
thickness may be reduced. In some cases this may have an economic impact on the 
project, as thinner walls translate into lower steel tonnage for the entire pipeline 
system, and this may be a significant factor, even though higher grades of pipe cost 
more per ton. Cost savings can also result from reduced time required to field weld 
the thinner wall sections. There are other considerations which will affect the 
decision to use higher strength, thinner wall pipe. These include aspects of construc- 
tion which are the result of experience in the field, such as the way the pipe handles 
with regard to field bending, laying stresses, tendency to go out of round, et cetera. 
In addition, there may be limitations placed on the grade of pipe and wall thickness 
used for a particular project, particularly for a system which will be in sour or 
corrosive service. 

Valves, pipe flanges, and fittings are described by class ratings, which are 
not the same as the rated pressure for a particular class. For example, API 6D, 
Specification for Pipeline Valves, Class 300 (PN 50) valves, standard flanged 
end and standard weld end, have a nominal pressure rating of 720 psig at —20 
to 100 F? (—29 to 38°C), not 300 psig (91.2MPa). Metric designations, PN for 
nominal pressure and DN for nominal pipe size replace class and nominal pipe 
diameter respectively. Refer to Chaps. Al and A10. 

However, API 6D, App. B, states that English units are preferred and are the 
standard. Section 402.2.1 of the Code specifies for pressure-temperature ratings of 
piping components as follows: “Within the metal temperature limits of —20?F 
(—30°C) to 250°F (120°C), pressure ratings for components shall conform to those 
stated for 100°F (40°C) in material standards listed in Table 423.1.” 
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TABLE C5.5 Availability and Usage for Types of Line Pipe 


Seamless 


ERW 


SAW, longitudinal welds 


SAW, helical (spiral) welds 


Minimum diameter 


Maximum diameter 


Maximum wall thickness 


Grades 


Service 


Relative cost 


2.375 in (DN 60) or less. 


NPS 16 to 26 possible. 
(DN 40 to 650 possible.) 


0.75 to 2.00 in 
(19.1 to 51 mm). 


B through X-80. Grades 
X-60 and higher are 
heat treated. 


All services: 
on and off shore. 


More expensive than 
ERW. Cost premium for 
larger diameters/wall 
thickness, higher grades. 


2.375 in (DN 60) or less. 


NPS 24 to 26 possible. 
(DN 600 to 650 possible.) 

0.312 to 0.750 in 
(7.9 to 19.1 mm). 

B through X-70. X-52 and 
higher are made from 
controlled rolled skelp. 


All services: generally not 
used for offshore. 


Less expensive than 
seamless. 


NPS 16 to 20 
(DN 400 to 500). 


64 to 84 in. 
(DN 1,600 to DN 2,100.) 
0.625 to 1.500 in 
(15.9 to 38.1 mm). 
B through X-80. X-52 and 
higher are made from 
controlled rolled plate. 


All services: on and 
offshore. 


Less expensive than 
seamless, more than 
ERW (within size 
overlap range). 


NPS 16 (DN 400). 


80 to 100 + in. 
(DN 2,000 to DN 2,500.) 


0.500 to 1.500 in 
(12.7 to 38.1 mm). 


B through X-70. X-52 and 
higher are made from 
controlled rolled skelp. 


Experience limited to less 
critical service; used as 
equivalent to SAW in 
other countries. 


May be less expensive 
than SAW (depends on 
manufacturer). 
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TABLE C5.6 Pressure Ratings of Valves 


Class 
150 300 400 600 900 1500 
Temperature °F Pressure rating, psig 
—20 to 100 275 720 960 1440 2160 3600 
150 270 705 940 1415 2120 3540 
200 260 675 900 1350 2025 3375 
250 255 665 885 1330 1995 3325 
Interpolation is permitted for intermediate temperatures. 
TABLE C5.6M Pressure Ratings of Valves 
Class 150 300 400 600 900 1500 2500 
(PN) 20 50 68 100 150 250 420 
Temperature °C Rating, bar 
—29 to 38 19.0 49.6 66.2 99.3 149 248 414 
50 18.8 49.2 65.6 98.5 148 246 411 
66 18.6 48.6 64.8 97.6 146 244 407 
75 18.4 47.9 63.9 96.0 144 240 400 
93 17.9 46.5 62.1 93.1 140 233 388 
100 17.7 46.4 61.8 92.7 139 232 387 
121 16.9 45.9 61.0 91.7 138 229 382 


For temperatures below —29°C the rating shall be not greater than rating for —29°C. 


Few pipelines now in operation utilize fittings heavier than Class 600 (PN 100), 
rated at 1,440 psig (9,930 kPa), although the trend is toward higher pressure ratings. 
Deep-water subsea pipelines which have heavier wall thickness due to laying stresses 
and high external pressures may have fittings and flanges rated at Class 1,500 (PN 
250), rated at 3,600 psi (24,000kPa). Tables C5.6 and C5.6M list maximum operating 
temperatures and pressures for standard flanged-end and standard weld-end valves 
by nominal pressure rating, Class (PN), from API 6D, App. B, Table B2.1. 


Allowable Pipe Stress 


Paragraph 402.3.1 of the Code establishes the allowable stress value, S4 in psi 
(MPa), to be used in the temperature range —20°F to 250°F (—30°C to 120°C) for 
design calculations: 


$4 — design factor x SMYS x joint weld factor (C5.14) 
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Paragraph 402.3.1 describes application of Eq. C5-11 for allowable stress values 
of $4 depending on new, used, or reclaimed straight pipe of known or unknown 
specification. Sub paragraphs 402.3.1 (a) through 402.3.1 (d) are summarized below. 


Formulations and 
reference 
paragraphs 

Sa = 0.72 X E x 
SMYS psi(MPa) 
where E = joint 
factor, Table 
402.3.1(a). 


S, = 0.72 X E Xx 
SMYS psi(MPa) in 
accordance with 
paragraph 405.2.1(b), 
Table 423.1, and 
limitations in 
paragraphs 437.4.1, 
437.6.1, 437.6.3, and 
437.6.4. 


Sa = 0.72 X E X 
minimum yield 
strength of pipe, psi 
(MPa) [24,000 psi 
(165 Mpa) or yield 
strength determined 
in accordance with 
paragraphs 437.6.6 
and 437.6.7], and 
limitations in 
paragraph 405.2.1(c). 

Sa = 75% of applicable 


Application for 
straight pipe 


Reference 
paragraph 

402.3.1(a) New pipe of known 
specification 


402.3.1(b) ord reclaimed pipe 
of known 


specification 


402.3.1(c) New, used, or 
reclaimed pipe of 
unknown or ASTM 


A 120 specification 


402.3.1(d) Pipe cold worked in 


order to meet 
specified minimum 
yield strength and 
subsequently heated 
to 600°F (300°C) or 


allowable stress value 
as determined by 
paragraphs 
402.3.1(a), (b), or (c) 
for design 


calculations of wall 
thickness in 
paragraph 404.1.2 
(see Eqs. C5.12 and 
C5.12M). 


more except welding. 


Table 402.3.1(a) of the Code tabulates allowable stress values for various grades 
of material specifications and manufacturing processes. 

Specified minimum yield strength of a pipe material is used as the basis of design 
because it is a property which can be determined for a specific material. Furthermore, 
steel generally behaves elastically below this stress level. Ultimate yield strength 
has also been used as the basis for design and may still be used in other countries. 
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A particular batch of steel line pipe may be tested and determined that its elastic 
yield strength is higher than the nominal value; however, Section 402.3.1 (g) of the 
Code specifies, “In no case where the Code refers to the specified minimum value 
of a physical property shall a higher value of the property be used in establishing 
the allowable stress value." 

Table 402.3.1 (a) also includes the joint weld factor E in calculating allowable 
stress as a consideration to the way the line pipe is manufactured. In most cases, 
the joint weld factor is 1.00, but it may be 0.80 or 0.60 for specific grades of steel 
and welding method of the manufacturing process. 

It is useful at this point to clarify a question that arises periodically as to whether 
the mechanical stress calculations are based on a particular design temperature, 
i.e., if S4 is temperature dependent. Section 401.3.1 of the Code states “‘it is not 
necessary to vary allowable design stress for metal temperatures between —20°F 
(—30°C) and 250°F (120?C)." However, for applications where ground or air temper- 
ature is expected to be extremely low, seasonally or locally, the properties of pipe- 
component materials at low temperatures should be considered to verify that the 
design will be adequate. 

Allowable stress limits for shear and bearing are given in Sec. 402.3.1(e) of the 
Code. For shear, S, shall not exceed 45 percent of SMYS; for bearing, S, is limited 
to 90 percent of SMYS. Limits on calculated stresses due to sustained loads and 
thermal expansion and due to occasional loads in operation and test conditions are 
specified in Sec. 402.3.2 and 402.3.3 of the Code. In general, these limits fall within 
the definition of allowable stress given previously; however, special circumstances 
may apply, and the engineer is encouraged to verify the stresses and relevant limita- 
tions. 


Pipe Diameter 


In the hydraulic design of a pipeline system, line size is initially based on a prelimi- 
nary choice of diameter and wall thickness from experience and from simplified 
charts. Further calculations are needed to verify the selection and finalize the system 
design based on the Code requirements as well as on considerations for project 
cost and material availability. 

For most pipeline systems, the pipe cost, which is based on the diameter and 
wall thickness, will be the highest material cost in the system. In addition, the size 
of pipe will have a direct effect on the cost of installation. Therefore, total project 
cost is impacted by the selection of pipe size. For this reason, it is important to 
optimize the pipe diameter, wall thickness, and grade of steel to be used so that 
the overall project cost is contained. 

As discussed earlier in the hydraulic-design section of this chapter, the diameter 
of pipe is based on the design flow rate, and mechanical-design considerations 
have little effect on diameter selection. However, internal and external pressure, 
allowable stress, and other considerations do affect the final design of the wall 
thickness for the selected diameter. 


Wall Thickness 


In the hydraulic design, a preliminary determination of wall thickness is based on 
experience for the preliminary selection of pipe diameter and grade of steel. The 
actual design of a system must reflect Code requirements for the wall thickness, 
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which is based on internal design pressure and additional loads at the design temper- 
ature. 


Internal Design Pressure. By definition, Sect. 401.2.2 of the Code prescribes 
the following: 


The piping component at any point in the piping system shall be designed for an 
internal design pressure which shall not be less than the maximum steady state operating 
pressure at that point, or less than the static head pressure at that point with the line 
in a static condition. The maximum steady state operating pressure shall be the sum 
of the static head pressure, pressure required to overcome friction losses, and any 
required back pressure. Credit may be given for hydrostatic external pressure, in the 
appropriate manner, in modifying the internal design pressure for use in calculations 
involving the pressure design of a piping component (see Para. 404.1.3). Pressure rise 
above maximum steady state operating pressure due to surges and other variations 
from normal operations is allowed in accordance with para. 402.2.4. 


The earlier discussion of MAOP in the hydraulic design defined it as a function 
of diameter, wall thickness, and allowable stress for a material, per Code restrictions. 
Section 402.2.4 of the Code provides for an additional allowance of 10 percent over 
the internal design pressure for surges and other variations from the normal oper- 
ation. 


Additional Loads. Additional loads for determining wall thickness include load- 
ings applied on a pipeline system from pipeline material and commodity weight, 
wind, hydrostatic, and other external forces such as impact loads. In some applica- 
tions, external pressure may be a significant factor in pipeline wall thickness determi- 
nation. One such example is a subsea pipeline. Section 401.2.3 of the Code specifies 
that a component of the pipeline system shall be designed to withstand the maximum 
differential between external and internal design pressures. 


Wall Thickness Calculation. Minimum wall thickness, t, is a function of internal 
pressure, P; nominal diameter, D, and the allowable stress, $4, as specified by Sec. 
404.1.2 of the Code by solving Eq. C5-4 for wall thickness. Refer to Eq. C5.4 for 
determination using various pressure units. 


t = P; D/(2 S4) English units (C5.15) 
P;, psig, D and t, in 
t = P; D/(20 Sa) metric units (C5.15M) 
P; gauge pressure, bar, D and t, mm 
Nominal wall thickness, ¢,, includes an allowance for manufacturing tolerance. 
t, = t + allowance(s) (C5.16) 


The actual wall thickness used in the system will be equal to or greater than 
this calculated value. API 5L, Specifications for Line Pipe, Table 6.2, lists commonly 
manufactured wall thickness for various grades of materials. 

With respect to construction and installation of a pipeline, there is also a practical 
minimum wall thickness, based on handling during installation, as the pipe wall 
must be able to resist damage and maintain roundness during construction. Good 
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judgement should be used in balancing higher strength steel materials versus heavier 
wall thickness. 

It is not a requirement that wall thickness be constant for the entire length 
of the system. Specific sections of the system may have different wall-thickness 
requirements as determined by the internal pressure and other imposed stresses, 
and making use of the hydraulic gradient developed in the hydraulic design. Thinner 
wall may be installed at some distance downstream of pumping stations as the 
operating pressure in the system declines. There are economic benefits to utilizing 
the minimum wall thickness allowed under Code design; however, there are other 
considerations, such as complications in construction, i.e., field welding, of a system 
with frequent variations in wall thickness. Practically speaking, changes in wall 
thickness should be limited. Furthermore, anticipated growth or expansion of the 
system capacity should be considered carefully. 


Design of Restrained and Unrestrained Pipelines 


A pipeline system is subjected to static and dynamic loads due to local environmental 
and operating conditions, and provision must be made for the system to have 
flexibility and expansion capability to prevent excessive stresses in the pipe or 
components, excessive bending or unusual loads at joints, or undesirable forces or 
moments at points of connection to equipment. The types of loadings which will 
affect the flexibility and expansion of the pipeline as a system include: 


* Thermal expansion and contraction 
* [nternal pressure 

* Fluid expansion 

e Pipe and soil-friction interaction 


External pressure 


Bending (sag or uplift) due to 


Dead Loads, including weight of the pipe, coatings, backfill, and unsupported 
pipe appurtenances 


Live Loads such as liquid transported, wind, snow, earthquake, waves, or currents 


The stresses that may develop in the pipe are functions of both the loadings on 
the pipeline system and the degree of restraint against motion of or in the pipeline 
system or a section of the system. Stresses may be reduced to acceptable levels by 
a combination of anchors; extra depth of burial of piping; use of bends, loops, or 
offsets in the piping; heavier wall-piping components; or other interventions. The 
reader is referred to Chap. B4, Stress Analysis of Piping Systems, and Chap. B5, 
Piping Supports, for additional information on stress and supports. 

Long, cross-country pipelines are generally buried for the following reasons: 


1. Surface use of pipeline corridor 
2. Protection from intentional or accidental damage 


3. Protection against expansion and contraction from ambient-temperature changes 
and radiant-energy gains and losses 


4. Minimizes variations of ambient temperature and resultant effects on fluid vis- 
cosity 
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5. Provides restraint longitudinally along pipeline length 


6. Regulations restrict aboveground installation 


Although a buried pipeline can be considered restrained against expansion or 
contraction radially and longitudinally as a result of the overburden of soil and 
soil-pipe friction, expansion calculations are necessary, per Sec. 419.6.4 (b) of the 
Code, if significant temperature changes are expected, as in a heated oil system. 
Furthermore, thermal expansion of buried lines may cause movement at a transition 
to an aboveground section and at the termination points of the pipeline or a section 
of line. There may also be movement where the buried line changes direction, i.e., 
when there is insufficient soil restraint, therefore either the system should be de- 
signed with adequate flexibility in these areas or anchors against motion should 
be provided. 

Pipeline systems may be partially or wholly installed aboveground for reasons 
of economy of construction, maintenance, et cetera. Likewise, installation on 
the surface may be practical for pipelines requiring insulation or heat tracing. 
An aboveground pipeline can be designed with longitudinal restraints at certain 
support locations such that expansion or contraction due to temperature or 
pressure changes is absorbed by axial, or longitudinal, compression or tension 
stress, in addition to radial expansion. The additional consideration in 
aboveground pipeline systems is that beam-bending stresses in spans between 
and at supports must be evaluated. 


Thermal Expansion and Contraction. Thermal expansion and contraction calcula- 
tions are necessary for buried and aboveground systems if a substantial temperature 
change is expected between installation and operation, such as when the line is to 
carry a hot oil, or where significant variations in local environmental temperatures 
will occur. Thermal expansion may cause movement where the line changes direction 
or terminates or where a discontinuity occurs, such as a change in size. In some 
pipeline systems, these motions may not be restrained by anchors or supports, i.e., 
absorbed by direct axial stress of the pipe, in which case flexibility must be provided 
using loops, bends, or expansion joints. 

The total maximum range of temperature is used to determine thermal expansion, 
with the linear coefficient of thermal expansion, o, for carbon and low alloy high 
tensile steel being 6.5 X 105 in/in ^F (11.7 X 10 mm/mm °C) up to 250°F (120°C). 
For a section of pipe restrained at both ends, longitudinal stress, $;,;j, due to a 
temperature change, A T, is given by 


Str, psi (MPa) = Ea AT (C5.17) 


where E is the modulus of elasticity for steel 30 x 10° psi (2 x 10° MPa). An 
increase in temperature results in a compressive longitudinal stress, and vice versa. 
The general convention is that tensile stress is positive and compressive stress 
is negative. 


Internal Pressure. Internal pressure imposes a radial and longitudinal component 
of stress in the pipe material. The hoop stress, which is in the radial direction 
due to internal pressure, was discussed earlier in Eq. C5.4. In a free, or 
unrestrained, section of pipe material, or pipeline system, as internal pressure 
increases, the length of a section will decrease due to the Poisson effect. 
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Restrained systems will develop a component of longitudinal stress as a result 
of the internal pressure, $,;», given by 


Siu = Vv Sy psi (MPa) 


(C5.18) 
=v P; D/2t 


where v = Poisson’s ratio, 0.30 for carbon steel 


This is generally a tensile (positive) stress in the longitudinal direction. For most 
liquid lines, maximum internal pressure will most likely occur during the hydrostatic 
test prior to operation. 


Fluid Expansion. The expansion of the fluid in a liquid pipeline due to increase 
in temperature will impose an additional component of pressure which will have 
both a radial and a longitudinal component, resulting in stress in the pipe material. 
This stress, S,/¢, is calculated in the same manner as the stresses from internal 
pressure after conversion of the expansion of the fluid to equivalent pressure terms. 


Pipe and Soil-Friction Interaction. The combined longitudinal effects of temper- 
ature, pressure, and expansion of the fluid can cause significant stresses in long 
sections of pipe. For buried pipelines, the interaction of the pipe material and the 
soil will have an opposing friction effect, with the maximum stress due to soil friction 
occurring at the midlength of the section. The friction stress is calculated as follows, 
with any set of consistent units:!” 


Sur =Lx Hx p xo/(2t) (C5.19) 


where L = length of pipe section, ft (m) 
H = depth of cover above the pipe, ft (mm) 
p = unit weight of the soil cover, lb/ft (kg/m?) 
o = coefficient of friction between pipe and soil 
t — wall thickness, in (mm) 


External Pressure. For sections of pipe laid underwater, external hydrostatic pres- 
sure needs to be considered in the stress analysis. The hoop and longitudinal stresses 
resulting from hydrostatic pressure are calculated in the same way as the internal 
pressure stresses are calculated and are opposite in sign. A similar condition arises 
when thin-walled pipe is drained and a vacuum is produced inside the pipe. 

The critical collapse pressure, P, for round thin-walled pipe with a diameter- 
to-wall thickness is calculated by the equation: 


P,—2xEx(t/DP/(1 —v?) (C5.20) 


where E = modulus of elasticity, 30 x 10° psi (2 x 10° MPa) 
v — Poisson's ratio, 0.3 


Eq. C5.20 assumes the stress is within the elastic range and the ratio of length 
to radius is greater than 20. If the pipe section is out-of-round, the resistance to 
collapse is reduced by flattening. Stiffening rings or heavier wall pipe may be used 
to prevent or limit collapse due to external pressure. Collapse of buried pipe can 
also be controlled by careful preparation of the bedding and compaction of the 
backfill around the pipe. Additional detail is beyond the purpose here, and the 


C.226 PIPING SYSTEMS 


reader should refer to appropriate references or specialists where collapse by exter- 
nal pressure is a concern. 

Considering all the longitudinal components of stress discussed to this point, 
the net longitudinal stress, S}, imposed on a restrained pipeline due to the combined 
effects of internal pressure, external pressure, temperature, fluid expansion, and 
soil and pipe friction is the algebraic sum of Eqs. C5.14, C5.15, and C5.16, where 
tensile stress is the positive convention: 


Sr = Srp + SygpStr + Sig + Spr (C5.21) 


where S, = net longitudinal stress, psi (MPa) 
Sip = internal pressure, psi (MPa) 
Surp = external pressure, psi (MPa) 
Sir = thermal expansion/contraction, psi (MPa) 
Sie = fluid expansion, psi (MPa) 
Sie = pipe/soil friction, psi (MPa) 


The net longitudinal stress is generally tensile, as the internal-pressure and fluid- 
expansion components are tensile, countered by the compressive temperature com- 
ponent and by the soil and friction interaction in buried pipeline systems; the 
external hydrostatic pressure component is only applicable to deepwater crossings. 
Concentrated loadings at highway and railroad crossings require special consider- 
ation and may require casing. Refer to Sec. 434.13.4 of the Code. 

It is important to note that in an axially restrained line, if the increase in tempera- 
ture between placement of the line and operation is great enough, the compressive 
stress from the restraint to pipe “growth” by thermal expansion from Eq. C5.17 
will exceed the tensile stress due to internal pressure. 

The numerical sum of the longitudinal stress and the hoop stress is called the 
equivalent tensile stress. In the case where net S, is negative, i.e., compressive, 
then the absolute values are used for pipe stresses, and the equivalent tensile stress 
is the sum of the absolute value of Sy and S}. Section 419.6.4(b) of the Code specifies 
that the equivalent tensile stress for restrained lines is not to exceed 90 percent of 
the SMYS calculated for the nominal pipe wall thickness. Stresses may be reduced 
by burial, anchors, heavier pipe wall components, or expansion provisions such as 
loops, offsets, or bends. The following section discusses the beam-bending stresses 
which are included in longitudinal stress calculations for aboveground portions of 
restrained as well as unrestrained lines. 


Bending or Beam Stresses. For most cases, welded pipelines are very stiff longitudi- 
nally and make good beams capable of sustaining typical loadings from the weight 
of the pipe itself, the commodity within, and any coatings applied. However, a 
bending-stress analysis is a standard part of pipeline system design, in particular 
aboveground sections, and is generally carried out by an expert, using one of several 
computer programs available. 

When considering the structural nature of a pipeline system, one of two types 
of beam or structural models can be assumed. A buried pipeline or section of a 
longer pipeline system can be considered continuously supported as long as the 
bedding it is laid on is uniform. Even if not perfectly uniform, the stiffness of the 
pipe will allow reasonable spans across low or soft areas in the soil bedding or 
rock protrusions.” 

An aboveground pipeline system and a buried pipeline system with nonuniform 
bedding can be modeled as a continuous beam system with multiple supports. At 
each support there will be reactions to the loadings on the pipeline due to pipe 
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material, commodity, and coating weights, as well as loadings from environmental 
factors such as snow, earthquake, and wind. 

Beam-bending stresses resulting from sagging (deflection) are included in the 
analysis of maximum stresses. This means evaluating the pipeline for different 
loading cases and combinations of loadings. Section 419.6 of the Code provides for 
the possibility for bending moments in the plane of the pipe (Mj); transverse to the 
plane (M,); and torsionally, i.e., about the axis of the pipe (M,); with the resultant 
stress due to expansion from bending for unrestrained pipelines in the expansion 


stress as follows: 
Se =1/S, +4 x S? (C5.22) 


where S; = stress due to expansion 
equivalent bending stress, psi (MPa) 

(i X My + (i, X Mjy/Z 
S, = torsional stress, psi (MPa) 

=M/2 X Z 
i; = stress intensification factor (in-plane) 
= stress intensification factor (transverse) 
Z = section modulus of pipe, in? (mm?) 


i 
i 


i 
i 


~. 


For straight pipe, the stress intensification factors (in-plane and transverse) have 
a value of 1, therefore the S, component reduces to the flexure formula (S, = 
MIZ). Stress intensification factors for elbow, miter bends and tee sections of pipe 
can be found in Fig. 419.6.4© in the ASME B31.4 Code. This figure also includes 
a correction of pressure (Note 7) to be applied to large-diameter, thin-walled pipe 
fittings, as pressure can significantly affect the stress intensification and flexibility 
of these components.! 


Code Stress Limits.! Sections 402.3.2 and 402.3.3 of the Code specify that the 
calculated stresses due to sustained loads, thermal expansion, and occasional loads 
are to be limited by: 


* Internal pressure stresses—not to exceed S, as discussed in the Code paragraph 
402.3 (see Sec. 4.2 of this chapter). 


External pressure stresses—considered within bounds where the minimum wall 
thickness has been calculated based on the code formulas. 


* Expansion stresses—allowable stress, S4, values for the equivalent tensile stress 
for restrained lines is not to exceed 90 percent of SMYS; for unrestrained lines, 
it shall not exceed 72 percent of SMYS. 


Additive longitudinal stresses—the sum of longitudinal stresses due to pressure, 
weight, and other external sustained loadings shall not exceed 75 percent of S, 
calculated for the expansion cases stated above. 


Additive circumferential stresses—the sum of circumferential stresses due to 
internal design pressure and external loads is not to exceed allowable stress 
calculated for internal pressure. 


Longitudinal stresses from occasional loads—the sum of the longitudinal stresses 
produced by pressure, live and dead loads, and occasional loads such as wind or 
earthquake (not considered concurrently), shall not exceed 80 percent of SMYS. 
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Pump Selection 


The concept of pump curves and preliminary pump selection was discussed earlier. 
Expanding on that discussion, it is assumed that the hydraulic and pipe design are 
essentially complete. The next step is to choose the pumps and drivers. The first 
decision is what type of driver—diesel, turbine, or electric. This is primarily an 
economic decision influenced by the availability of fuel and cost of electric power. 
When electric power is readily available, electric motors provide simple operation, 
low cost, and low maintenance; where natural gas or other unrefined fuels are 
available, gas turbines may give low fuel costs; and occasionally a steam turbine 
or some combination of machines proves the best choice. It may even be possible 
to draw off commodity from the system, to fuel the pump drivers themselves, for 
example, with a diesel transport system. 

Pumping power requirements for the entire system can be calculated using the 
following formula, where H7 and P; refer to the total system head and pressure re- 
quirements: 


Power, hp = Flow, BPOD x Hr, ft x sg/(136,000 x eff) (C5.23) 
= Flow, GPM x Pr, psi/(1.714 x eff) (C5.24) 
power, kW = Flow, m*/d x Hr, m x rd/(8,810 x eff) (C5.25M) 


Pump efficiency in percent typically ranges from 70 to 80 percent for centrifugal 
pumps to 90 percent for reciprocating pumps. Determination of pumping power 
for individual stations and pumps is similar, using the head or pressure required 
for the downstream section between one station and the next. As motor power is 
provided in standardized increments, the power provided by the motor will exceed 
the required pumping power. 


Example. In the example for the NPS 20 (DN 500) pipeline, assuming 82 percent 
efficiency for the pumps, the required system operating power at the design tempera- 
ture is: 


power, hp — 188,700, BPOD x 10,984, ft x .8701, sg/(136,000 x .82) 
= 16,200 (rounded) 

power kW = 30,000, m?/d x 3,450, m x 0.8701, rd/(8,810 x 0.82) 
= 12,460 (rounded) 


Specification for the main line pumps should stress performance, efficiency and 
ease of maintenance, because over the life of a pipeline, the cost of fuel and power 
will be the major operating or annual expense. Therefore, a percent or two in pump 
or driver efficiency has a major impact. Consideration should also be given to 
variable speed contrifugal pumps, on the basis of economics, in order to satisfy 
varying flow and pressure or head requirements over the life of a pipeline system. 
It may be that the added cost of a variable speed pumping unit is favorable versus 
controlling station discharge pressure by throttling. 


Valve Spacing 


The location and spacing of section block valves along an oil pipeline is a matter 
of design procedure and may be dependent on factors such as the terrain that the 
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pipeline is crossing. In general, valves should be installed at locations where they 
will contribute to the safe operation of the line and enhance the safety of the system. 
Section 434.15.2 of the Code provides the details for these considerations. 

Typically, valves are installed at the origin and termination of a pipeline and at 
branch points to provide isolation of a section and to facilitate hydrostatic testing, 
ie. anywhere that the test pressure is differentiated such as sections of higher 
operating pressure or a change in wall thickness. Section block valves should be 
located in easily accessible positions, e.g., aboveground on a buried pipeline or in 
an impervious pit where the groundwater level is high. 


OPERATIONS AND MAINTENANCE DESIGN 


Operating Conditions 


The operating conditions for a pipeline system are defined by the operator of the 
system and are part of the design basis. Many of the design decisions are directly 
related to the operating philosophy of the system, both in an intermediate stage, 
as with a phased or growth system, and in the final system. For example, if the 
pipeline will be transporting a hot oil, it is critical that the system not be underde- 
signed, i.e., that the operating temperature be reasonably set, thereby leading to a 
viable design of the pumping and heating station requirements. Maintenance aspects 
of the system will also influence the design with regard to location of facilities (near 
fuel or power sources) and spacing of stations for cleaning facilities (pigging). The 
aspect of operator training and required level of supervision to monitor and verify 
the function of the pipeline system may dictate the location of controls and instru- 
mentation readout panels, spacing of head operator and control function locations, 
and required personnel to operate the facilities. 

The following sections discuss some of the specific operation and maintenance 
considerations for liquid pipeline design. 


Surge 


An important consideration in the design of liquid pipelines is surge, also known 
as water hammer. It is comprised of the pressure wave and reflected wave which 
travel through the fluid up and down a length of pipe when the velocity of the 
flowing column of fluid is altered or stopped suddenly. For example, water flowing 
at 10 ft/s (3 m/s) can generate a surge pressure of 500 psi (3400 kPa). 

If a valve is closed against a flowing stream or if the velocity of the stream is 
slowed, as when a pump station is stopped, the kinetic energy of flow is converted 
to pressure energy and a positive wave is sent upstream at the velocity of sound 


in the medium: 
BK 
Gen DEDE (C5.26) 
1 4- (KdC)/(Et) 


where V, — speed of sound through commodity, ft/s (m/s) 
B = 4,637 in’/ft.s’ for Eng units (1.0 for metric units) 
K = bulk modulus of liquid,” psi (kPa) 


C.230 PIPING SYSTEMS 


p = density of liquid, Ib,/ft? (kg/m?) 
d — inside diameter of pipe, in (mm) 
E — modulus of elasticity, psi (kPa) 
t — wall thickness, in (mm) 
C = constant of pipe fixity (0.91 for an axially restrained line, 0.95 for unre- 
strained) 


In the case of a main-line block valve closing instantaneously some distance 
downstream of a pump station, flow is stopped in the vicinity of the valve but 
continues to flow from the pump station. The continued pumping packs the line 
section between the pump and the valve. The surge wave beginning at the valve 
travels up the hydraulic gradient reaching the pump several seconds later, raising 
the discharge pressure high enough to reach the shutoff head or setpoint of the 
pump, causing the discharge check valve to close. This closed valve reflects the 
wave back toward the valve, reinforcing the incoming wave and resulting in line 
pressure much higher than normal. This case is exaggerated as instantaneous, while 
in reality valve closure is not. However, in a real situation such as described, the 
effect is measurable and can be dramatic. 

The surge wave travels upstream and is reflected downstream, oscillating back 
and forth until its energy is dissipated in pipe wall friction. The amplitude of the 
surge wave, or the magnitude of the pressure surge, P... is a function of the change 
in velocity and the steepness of the wave front and is the inverse of the time it 
took to generate the wave: 


Purge = Bv, AV for T < 2L/v, (C5.27) 


where Pau = pressure, psig (kPa) 
B = 2.157E-04 for Eng units; (1.0 E-03 for SI units;) 
vs = speed of sound through commodity, f/s (m/s) 
p = density of liquid, Ib,/ft (kg/m?) 
A V = total change in velocity of fluid, ft/s (m/s) 
2L/vs = propagation time, s 
T — valve closing time, s 
L = distance from inception, ft (m) 


This is only an approximation of the surge pressure magnitude for cases limited 
by the stated time of closure criteria. 

Computer programs are utilized to give specific and accurate analysis of the 
maximum surge pressure, location of critical points in the system, and other factors. 

The surges are attenuated by friction, and the surge arriving at any point on the 
line is less than at the origin of the surge wave. Nevertheless, when flow velocity 
is high and stoppage is complete, or when a pump station is bypassed suddenly, 
the surge energy generated can produce pressures high enough to burst pipe, some- 
times at points distant from the point of origin of the event. 

Another case of surge is when a pump station is shut down suddenly, as in a 
power failure at an electrically powered station, causing the station to be bypassed 
automatically. This produces a drastic change in velocity of the flow but not a 
complete stoppage. As in any other surge, a pressure wave is sent upstream and a 
refraction wave is sent back downstream from some point in the system where 
there is sufficient discontinuity to permit total or partial reflection of the wave, i.e., 
a valve, or major bend in the pipe. The positive surge wave, traveling upstream, 
reaches the next upstream station, raising both its discharge and suction pressure 
(with the wave effectively passing counter to flow through the pump since the check 
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valve does not close). It is possible that this situation may shut down the upstream 
station on high discharge pressure, thereby starting a new surge wave which effec- 
tively adds to the first. This pyramiding of surges can travel hundreds of miles 
knocking down pump station after station in domino style and producing higher 
and higher pressures upstream. In the downstream direction, the negative wave 
may shut down stations downstream of the event by starving their suction pressure. 

Severe surge problems can be mitigated through the use of quick-acting relief 
valves, tanks, and gas-filled surge bottles. These facilities tend to be expensive single- 
purpose devices which are seldom needed and are often inadequately maintained by 
operators. An inexpensive feature of modern computer-based control systems is 
the permissive circuit, which can be rigged so that the system cannot be operated 
at a rate above an intrinsically safe level unless all outside parameters are satisfied. 
The loss of a signal saying for example, that a given station is operating will 
cause other stations, set points to be backed off to a level consistent with any 
surge situation. 

Design for the control of surges requires a thorough understanding of the particu- 
lar pipe, pump, valve, and tank systems and their instrumentation. Therefore the 
total evaluation of the surge problems on a new system must await a fairly complete 
design (pipe size, wall thickness, taper, profile, flow velocity, tankage requirements, 
block-valve spacing, number, size and arrangement of pumping units, type of de- 
vices, and static-relief systems must be defined). Certain rudimentary surge consider- 
ations can be observed from the beginning which will help surge-proof the system. 
These include: 


* Provide interlocks such that all pumping stops before main-line block valves can 
be closed. 


* Low flow velocities ensure that changes in velocity cannot be too great. 
* Long station spacing ensures maximum surge attenuation. 


* Multiple pumping units at each pump station minimize the opportunity for a 
complete station failure. 


* Looped feeders for electric stations. 


* A margin of error between the hydraulic gradient and the MAOP based on 
wall thickness. 


* SCADA communications to prevent upstream pump stations from over pressuring 
the downstream section. 


Section 402.2.4 of the Code addresses the topic of surge pressure, stating that 
. . . the level of pressure rise due to surges and other variations from normal 
operations shall not exceed the internal design pressure at any point in the piping 
system and equipment by more than 10 percent." 


ec 


Corrosion Protection??? 


Corrosion of a pipeline can be both external and internal. Internal corrosion, apart 
from exceptional cases of corrosive fluid components such as H,S, is usually a 
gradual process resulting in a lowering of pipeline efficiency and is characterized 
by indentations and pits. Regular line cleaning with scraper pigs, discussed later, 
can be utilized to care for the internal surface of most installations. Internal corrosion 
can also be controlled by injecting a corrosion inhibitor into the transported fluid. 
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Another method of reducing internal corrosion is by internally lining the pipe. 
While there are few examples of existing liquid hydrocarbon pipeline systems using 
epoxy coatings, they give good protection, long life, and have a low friction factor. 

External corrosion is a major factor in the design and operation of a pipeline 
system; external corrosion can reduce the life of a pipeline and impair its safety. 
External corrosion is mitigated by application of a pipe coating and the installation 
of a cathodic protection system. The external coating increases the pipe-to-soil 
electro-chemical resistance, and the cathodic protection (impressed current or gal- 
vanic anodes) system makes the pipe cathodic with respect to the surrounding soil. 

There are a number of methods and materials available for external coatings, 
offering different benefits and a range of cost. Methods include over-the-ditch after 
welding, and precoating pipe joints at the pipe mill before shipping or in plants 
located near the jobsite before stringing. 

Materials for over-the-ditch include cleaning and priming followed by one or 
more sequential layers of hot-applied asphalt or coal-tar enamel, felt wrap, and a 
final wrap of kraft paper. The most recent applications of plant-applied materials 
are fusion-bonded, thin-film epoxy (FBE), followed by an extruded copolymer 
adhesive and an extruded polyethylene jacket. (Refer to Chap. B10 for more details 
on FBE lining and coating.) Consideration for selection of a coating should include, 
in addition to installation and shipping costs, quality and integrity of the completed 
coating system as installed and other concerns, such as chemical resistance to soil 
conditions, stray electrical currents, maximum service temperature, storage and 
handling, et cetera. Specialty coating systems for thermally insulated pipelines in 
high-temperature service may require an exterior jacket impervious to intrusion 
by water vapor. 

Further discussion of internal and external coatings and of cathodic protection 
systems can be found in Chap. C6, Gas Systems Piping. The same material is 
applicable to liquid petroleum systems. 

ASME B31.4 does not specify that an allowance be made for corrosion in 
determining nominal wall thickness for fluids and services covered by the Code, 
with the provision that internal and external corrosion control is provided as directed 
by Chap. VIII of the Code. 


Metering 


Early methods for monitoring the volume of flow through a liquid pipeline relied 
on tankage gauge readings at different points along the system. With the develop- 
ment of computer monitoring systems, liquid pipeline systems are now monitored 
continuously. Metering devices used in the pipeline business today fall into three 
groups: 


* Pressure drop 
* Positive displacement 


* Turbines 
* Miscellaneous, including sonic and vortex meters 
The first group measures the pressure drop created when flow is restricted either 


across an orifice plate or a venturi tube. This type of meter is unable to identify 
variations in density and viscosity, which may be variable in liquid petroleum 


OIL PIPELINE SYSTEMS C.233 


services, and therefore is not used for fine measurements except in conjunction 
with a viscosity or density meter. 

The positive displacement group of meters includes a wide variety of mechanical 
devices which entrap a discrete quantity of fluid and move it physically from one 
side of the meter to the other. Screws, pistons, buckets, gears, and sliding vanes 
have been used successfully, especially with viscous fluids, but are subject to wear 
in continuous, high-capacity low-lubricity situations. 

Turbine meters consist of a turbine wheel with tiny magnets mounted axially 
between sleeve bearings inside a short length of pipe. As the fluid turns the turbine 
wheel, the rotations are recorded and counted electronically by the passage of the 
magnets. These meters have been successful because they are simple in design, 
essentially having only one moving part. The turbine wheel, when in motion, tends 
to center itself in the pipe so there is almost no bearing friction. 

All three of these meter types have their uses. The orifice, because it is rugged and 
low in cost, is used where exact measurement is not required. Positive displacement 
meters are used where the fluid is viscous or a high range of viscosity is expected 
and close measurements are needed for custody transfer. Turbine meters are used 
for the continuous, high-capacity bulk movement of fluids because they are reliable 
and accurate over a wide range of flow rates. 

The fourth group has more specialized meters. Information on a particular type 
of meter or installation is available from manufacturers. 


Leak Detection 


Detection of major leaks is a major concern of pipeline operating companies. Large 
leaks can be detected with relatively simple instrumentation; however, to detect 
small leaks requires computer systems that can also monitor and account for varia- 
tions in temperature, pressure, density, and composition. To illustrate the problem 
of leak detection, with an order of magnitude comparison, consider that for an NPS 
8 (DN 200) line transporting 24,000 BPD (3,815 m?/d), a detectable deficiency of 
+/— 2 percent of flow is a 14 gpm (3.18 m?/h) leak. A 0.2 percent deficiency, 
detectable only with a sophisticated leak detection system, on a NPS 48 (DN 1,200) 
line pumping 2.4 MMBPD (381,000 m?/d), is a 140-gpm (31.8 m?/h) leak. The hole 
in the pipe which would leak 140 gpm (318 m?/h) at gage pressure of 500 psig (34.5 
bar) is more that 0.50 in (12.7 mm) in diameter. The hole which would leak 14 gpm 
(3.18 m?/h) at the same pressure is less than 0.0625 in (1.59 mm) in diameter. 

For years, basic leak detection has been based on the principle of line balance, 
based on the continuity of flow in the pipeline, i.e., flow in equals flow out. In its 
simplest form, leak detection can rely solely on readings of flow meters or tank 
gauges at periodic intervals, with a recurring discrepancy indicating a leak. For line 
balance to be viable, accurate flow measurements at both ends of the pipeline or 
section of pipeline must be made and reconciled regularly. In early pipeline systems, 
minor differences in reading time, temperature, line pack et cetera, made the results 
somewhat erratic, but a continuous shortage in delivery for several hours was 
sufficient cause for a line patrol to be sent out or for the system to be shut down 
and pressure tested. Large leaks or line breaks were detected by comparing suction 
and discharge pressures with flow at pump stations, e.g., falling discharge pressure 
combined with increased flow meant a leak downstream; falling suction pressure 
combined with decreased flow meant a leak upstream. 

In modern pipeline systems, computer-based monitoring systems compare flow 
rates as well as total flow and record the variables of the flow (temperature, viscosity, 


C.234 PIPING SYSTEMS 


et cetera) The determination of whether there is a leak in the system is based on 
the readout differentials. For reliable pipeline surveillance, both short-term (mi- 
nutes) and long-term (days) calculations should be maintained and compared against 
respective threshold values. 

Perhaps the more important problem in leak detection is location of the leak 
once it has been detected. While line balance will indicate the magnitude of the 
leak, other means are required to pin-point the location between two monitoring po- 
sitions. 

A general method for location of a leak is to compare the hydraulic gradient 
for the flow measured upstream with that of the flow measured downstream, with 
the intersection of the hydraulic gradients being the approximate leak location. 
Methods for location of rapidly formed leaks include monitoring the rate of change 
of pressure and flow (dp/dt and dq/dt, respectively) and the pressure-wave differen- 
tial which occurs as the result of a rapid leak, propagating from the leak in both 
directions, with the velocity of sound in the liquid (see surge discussion). Similarly, 
the transient pressure wave can be monitored with transducers which will detect 
the transient pressure wave, its magnitude being the generated pressure wave at 
the leak location delayed exponentially as a function of the distance to the leak 
and the velocity of sound in the liquid. 

More discussion on the theory of these leak detection and location methods can 
be found in standard hydraulic texts, manufacturer's literature, and in some of the 
references and bibliography. 


Pipeline Pigs 


A "smart" pig is an instrumented device which travels internally along a pipeline, 
monitoring the operating parameters (flow, temperature, etcetera) and the physical 
condition of the pipe (wall thickness, corrosion, out-of-roundness, et cetera). Pigs 
are also used to "listen" for the acoustical traces of leaks. Simple pigs, on spheres, 
are sometimes used to mark the transition between two commodities in a multiprod- 
uct pipeline. 

The information the pig collects must be relayed to the master control center, 
and the pumping, heating, or pumping-heating stations along the route must have 
facilities designed for the handling of pigs, including launching and receiving traps. 
Additionally, the design for use of pigs may influence the specifications for elbows, 
tees and valves. 


SCADA”: Supervisory Control and Data Acquisition 


Maintaining the integrity of a pipeline system which spans hundreds of miles (kilo- 
meters) is a complicated task, involving the monitoring, measurement, and analysis 
of a continuous flow of data from meters, pipeline pigs, transducers, and other 
collecters. Just as critical as collecting the data from source points along the length 
of the system is the transmission of the data to the facilities of the pipeline operating 
company, which may be remote from the pipeline itself. There is also the aspect 
of control and coordination of multiple stations along the system so that they 
operate in conjunction with each other rather than in opposition. 

Early pipeline systems relied on analysis of data at the local station and communi- 
cation of information by voice over telephone or wireless. The operating philosophy 
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of many pipeline systems today is to limit the number of manned control stations. 
Today's technology relies instead on SCADA (Supervisory Control and Data Acqui- 
sition) systems to collect data from monitor points by fiber optics, microwaves, and 
satellite-communications technology to transmit the data to control stations. Here, 
high-speed computers analyze the data and perform on-line control functions re- 
quired to maintain system parameters within their operating limits. Application of 
these technologies requires consideration early in the mechanical design to include 
the operating components for the intended modes of operation and control. 

The result of this technology has been to maximize the safety and operating 
efficiency of the system. Additionally, the collection and storage of operational 
information over the life of a pipeline system facilitates new pipeline design and 
operation through the verification of computer models which are used in the design 
phase to: 


* Identify out-of-range operating variables 


* Select preferred operations at and among pumping stations to control use of 
pumping units and cost of energy 


* Identify limits for pumping rates and fluid properties of commodities transported 


* Predict effects of modifying system facilities, operations, or changing characteris- 
tics of commodities transported 


* Schedule tenders, or contracts, for transporting commodities by various fluid 
properties, ownership, source and destination 


SYSTEM COST ANALYSIS? 


The first several sections of this chapter have shown that for a given proposed 
pipeline, there are many possible pipeline systems which can be assigned to transport 
the commodity. Selection of the preferred pipeline route, diameter, material, wall 
thickness, pump-station location, pump units, and operational equipment or facilities 
is typically the result of economic analysis and investment-capital evaluation of the 
most reasonable scenarios developed through the design phase. 

Typically, even before the detailed design of a pipeline systems has begun, an 
order-of-magnitude cost study will be performed, with the goal of determining the 
feasibility of continuing to invest time and capital in the design phase of the project. 
At this point, a preliminary route may have been selected; however, other possibili- 
ties may still exist, and further developments may indicate a change in the assump- 
tions or information available during the preliminary analysis. In conjunction with 
the hydraulic, mechanical, and operational and maintenance designs, the economic 
analysis progresses, at times steering the decisions made in the design. 

For a typical cross-country pipeline project, the cost of pipe and its associated 
construction and installation costs can be as much as 80 percent of the capital 
investment; therefore, the selection of the pipe, with regard to type of material, 
size, et cetera is very important. Trade-offs can be made during the design process 
with regard to diameter and wall thickness, grade of steel, and method of manufac- 
ture, as discussed in various earlier sections of this chapter. The cost of the pipe 
itself generally represents 25-50 percent of the total line cost, and the use of a 
reliable cost, based on current industry information, is significant. Annual cost 
indexes are published in a number of trade periodicals. Another source of costs 
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for line pipe, as well as component fittings, valves, and installation factors are 


manufacturing associations and the construction industry publications. 


Using the information developed through the earlier example, a comparison of 
system designs can be made, as shown in Tables C5.7, C5.7M, C5.8, and C5.8M. 
These tables illustrate the general procedure for selecting an appropriate pipeline 
system for a specific route. The same comparisons can be made for different routes. 


TABLE C5.7 Isothermal Crude Oil System 


Comparison of alternative diameters 


188,700 BPOD 


Pipe OD X wall thickness, in 16 x 0.250 20 x 0.250 24 x 0.250 
Unit friction loss, ft/mile 132.1 44.1 18.1 
Length, miles 248 248 248 
Pipe friction loss, ft 32,756 10,934 4,486 
Static head, ft 50 50 50 
Total head, ft 32,806 10,984 4,536 
Total pressure, psi 12,357 4,137 1,709 
MAOH, ft 3,580 2,864 2,387 
MAOP, psi 1,350 1,080 900 
Number of pump stations 9.15 3.83 1.90 
Operating horsepower @ 82% efficiency 48,382 16,200 6,690 
Preliminary comparative cost comparison 
Capital cost ($1,000) 
Pipeline 16 x 0.250 20 X 0.250 24 X 0.250 
Pipe unit weight, tons/mile 111.0 139.2 161.4 
Pipe weight, tons 27,528 34,522 40,027 
Pipe cost @ $700/ton 19,270 24,165 28,019 
Unit installation cost, $/ft 35 40 45 
Pipeline installation 45,830 52,378 58,925 
Total pipeline cost 65,100 76,543 86,944 
Pump stations 
Installed horsepower per station 5,000 4,250 3,500 
Base cost per station 1,000 1,000 1,000 
Installed horsepower @ $750/hp 3,750 3,188 2,625 
Cost per station 4,750 4,188 3,625 
Total pump station cost 47,500 16,750 7,250 
Total system capital cost 112,600 93,293 94,194 
Annual costs 
Insurance @ 1% of installed cost 1,126 933 942 
Operating cost 
Pipeline @ 1.5% of installed cost 977 1,148 1,304 
Stations @ 3% of installed cost 1,425 503 218 
Financing cost (assuming 100% 7,882 6,530 6,594 
@ 7% of total cost) 
Annual power @ $0.08 per kw 23,985 8,031 3,317 
Total annual cost 35,395 17,145 12,374 
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TABLE C5.7M Isothermal Crude Oil System 


Comparison of alternative diameters 


C.237 


30,000 cubic meters per day 


Pipe size X wall thickness, mm DN 400 x 6.4 DN x 6.4 DN 600 x 64 
Unit friction loss, m/km 25.04 8.35 3.42 
Length, km 400 400 400 
Pipe friction loss, m 10,016 3,340 1,368 
Static head, m 110 110 110 
Total head, m 10,126 3,450 1,478 
Total pressure, kPa 86,406 29,439 12,612 
MAOP, kPa 9,366 7,493 6,240 
MAOH less NPSH, m 1,073 853 706 
Number of pump stations 9.44 4.04 2.09 
Operating power @ 82% efficiency, kW 36,584 12,464 5,340 
Preliminary comparative cost comparison 
Capital cost ($1,000) 
Pipeline DN 400 x 6.4 DN 500 x 6.4 DN 600 x 6.4 
Pipe unit weight, tonnes/km 62.5 78.4 94.3 
Pipe weight, tonnes 25,000 31,360 37,720 
Pipe cost @ $775/tonne 19,375 24,304 29,233 
Unit installation cost, $/m 115 131 148 
Pipeline installation 46,000 52,400 59,200 
Total pipeline cost 65,375 76,704 88,433 
Pump stations 
Installed power per station, kW 3,900 3,300 2,700 
Base cost per station 1,000 1,000 1,000 
Installed power @ $1,000/kW 3,900 3,300 2,700 
Cost per station 4,900 4,300 3,700 
Total pump station cost 49,000 17,200 7,400 
Total system capital cost 114,375 93,904 95,833 
Annual costs 
Insurance @ 1% of installed cost 1,144 939 958 
Operating cost 
Pipeline @ 1.5% of installed cost 981 1,151 1,326 
Stations @ 3% of installed cost 1,470 516 222 
Financing cost (assuming 100% @ 7% 8,006 6,573 6,708 
of total cost) 
Annual power @ $0.08 per kw 23,074 7,862 3,368 
Total annual cost 34,675 17,040 12,583 
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TABLE C5.8 Isothermal Crude Oil System 


Revised comparison for station bypass condition 


188,700 BPOD 


Pipe OD, in 20.0 24.0 
Length of pipe (nominal), mi 
0.0250 in wall 229 223 
0.312 in wall 19 25 
Unit friction loss, m/km 
0.250 in wall 44.06 18.09 
0.312 in wall 45.43 18.55 
Pipeline friction, ft 
0.250 in wall 10,090 4,034 
0.312 in wall 863 464 
Total pipeline fiction, ft 10,953 4,498 
Static head, ft 360 360 
Number of pump stations 4 2 
Station losses @ 15 m per station 200 100 
Total pumping head, ft 11,513 4,958 
Total pumping pressure, psi 4,341 1,869 
Pumping power @ 82% efficiency, hp 16,979 7,312 
Adjusted comparative cost 
Capital cost ($1,000) 
Pipeline OD, in 20.0 24.0 
Pipe unit weight, tons/mi 
0.250 in wall 139.2 167.4 
0.312 in wall 173.2 208.4 
Pipe weight, tons 
0.250 in wall 31,877 37,330 
0.312 in wall 3,291 5,210 
Total pipe weight, tons 35,168 42,540 
Pipe cost @ $700/ton 24,617 29,778 
Unit installation cost, $/ft 40 45 
Pipeline installation 52,378 58,925 
Total pipeline cost 76,995 88,703 
Pump stations 
Installed power per station, hp 4,300 3,700 
Base cost per station 1,000 1,000 
Installed power @ $750/hp 3,225 2,775 
Cost per station 4,225 3,775 
Total pump station cost 16,900 7,550 
Total system capital cost 93,895 96,253 
Annual costs 
Insurance @ 1% of installed cost 939 963 
Operating cost 
Pipeline @ 1.5% of installed cost 1,155 1,331 
Stations @ 3% of installed cost 507 227 
Financing cost (assuming 100% @ 7% 6,573 6,738 
of total cost) 
Annual power @ $0.08/kw 7,989 3,440 
Total annual cost 17,162 12,698 
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TABLE C5.8M  Isothermal Crude Oil System 


Revised Comparison for station bypass condition 
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30,000 cubic meters per day 


Pipe size DN 500 DN 600 
Length of pipe, km 400 400 
6.4 mm wall 369 360 
7.9 mm wall 31 40 
Unit friction loss, m/km 
6.4 mm wall 8.35 3.42 
7.9 mm wall 8.58 3.50 
Pipeline friction, m 
6.4 mm wall 3,081 1,231 
7.9 mm wall 266 140 
Total pipeline friction, m 3,347 1,371 
Static head, m 110 110 
Number of pump stations 4 2 
Station losses € 25 m per station, m 100 50 
Total pumping head, m 3,557 1,531 
Total pumping pressure, kPa 30,355 13,067 
Pumping power @ 82% efficiency, kW 12,852 5,532 
Adjusted comparative cost 
Capital cost ($1,000) 
Pipeline size DN 500 DN 600 
Pipe unit weight, tonnes/km 
6.4 mm wall 78.4 94.3 
7.9 mm wall 97.5 117.4 
Pipe weight, tonnes 
6.4 mm wall 28,930 33,948 
7.9 mm wall 3,023 4,696 
Total pipe weight, tonnes 31,952 38,644 
Pipe cost @ $775/tonne 24,763 29,949 
Unit installation cost, $/m 131 148 
Pipeline installation 52,400 59,200 
Total pipeline cost 77,163 89,149 
Pump stations 
Installed power per station, kW 3,300 2,800 
Base cost per station 1,000 1,000 
Installed power @ $1,000/kW 3,300 2,800 
Cost per station 4,300 3,800 
Total pump station cost 17,200 7,600 
Total system capital cost 94,363 96,749 
Annual costs 
Insurance @ 1% of installed cost 944 967 
Operating cost 
Pipeline @ 1.5% of installed cost 1,157 1,337 
Stations @ 3% of installed cost 516 228 
Financing cost (assuming 100% @ 6,605 6,772 
7% of total cost) 
Annual power @ $0.08/kW 9,007 3,878 
Total annual cost 18,230 13,183 
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These comparisons also illustrate that consideration should be given to the method 
of financing and appropriate economic factors, such as system growth and annual 
operating costs. 

The reader should refer to a handbook on financial decision making to learn 
more about the process of optimum system selection on economic grounds, including 
the processes of discounted cash-flow analysis.” 


SPECIAL OIL PIPELINE DESIGN TOPICS 


Special Hydraulic Conditions 


Pipeline systems which fall under the scope of the Code have a wide variety of 
physical properties, as was shown in Table C5.1. Furthermore, two of the most 
important properties—viscosity and vapor pressure—vary with temperature. Ear- 
lier sections have discussed pipeline systems having no fluctuation in temperature, 
therefore the hydraulic system design was simplified. Hydraulic design of nonisother- 
mal systems for heavier commodities, such as heavy crude and residual fuel oils 
are influenced by the effect of temperature on viscosity and related friction losses. 
Hydraulic design for the lighter commodities, such as gasoline and natural gas 
liquids (NGL), is relatively independent of viscosity, but more dependent on vapor 
pressure considerations. 

This section summarizes the special considerations which will arise in the design 
of multiproduct, high-vapor pressure, hot oil, and non-Newtonian fluid pipeline 
systems, without attempting to be comprehensive. The reader is encouraged to 
consult specialists and specific references for more detailed discussions of the design 
of these systems than can be described here. 


Multi-product Pipelines. If the pipeline system is to transport fluids of differing 
properties such as in a batch-type operation of a multiproduct system, the design 
fluid should be considered as the fluid producing the greatest friction loss, i.e., with 
the greatest viscosity at the design operating temperature. Using this fluid assures 
that all pumping stations have adequate power and all sections between stations have 
adequate wall thickness to sustain the design pressure and flow rate. Furthermore, 
multiproduct systems may have intermediate deliveries to the system and discharges 
from the system, i.e., different flow rates for each pipeline section may need to 
be considered. 

To avoid excessive mixing of products, the system should be designed for flow 
in the turbulent region. Batching pigs can be used to minimize interface mixing at 
low flow rates. 

A special pipeline application uses a batch-flow technique to transport unlike 
petroleum products sequentially in a single pipe without significant deterioration 
of the quality of the products by contamination. An explanation of the principle 
involves a discussion of laminar and turbulent flow regimes, as given in Chap. B8, 
Flow of Fluids. 

In laminar flow, the molecules travel forward in parallel. Velocity is maximum 
at the center of the pipe, with decreasing velocity to zero at the pipe wall caused 
by viscous drag among the molecules and friction at the pipe wall. The standard 
velocity profile is parabolic over the cross-section of the pipe. Therefore, in the 
laminar flow region, an interfacial plane between adjacent products would rapidly 
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deteriorate into a bulge, and the trailing product would tend to push through the 
leading product travelling more slowly near the pipe wall. 

In turbulent flow, however, the molecules are in random motion, bouncing off 
other molecules as well as the pipe wall, and tend to remain in relative position. 
Therefore the profile of velocity is almost constant over the cross-section of the 
pipe and the fluid flows more like a “plug.” The interfacial plane between adjacent 
batches in the pipeline tends to remain in place as the products proceed down the 
pipeline. Some mixing occurs, principally by diffusion, and is more a function of 
length (time) of transport than velocity. The amount of contamination of the leading 
product by the trailing is the same as the contamination of the following by the 
leading. The transition from one product to another, as the interfacial zone passes 
a point, takes the shape of a sine wave. At some point as the interface wave passes 
the switching manifold, the flow is diverted to separate storage or distribution 
facilities. The contamination of one product in another is controlled by timing the 
cut or diversion. One way this is done is to place a gravitometer some distance 
upstream of the receiving terminal and to record its signal at the terminal so that 
the receiving operator has a preview of exactly what the interface will look like on 
arrival. From a design point, a batch flow pipeline has several hydraulic gradients, 
at least one for each product, as well as for the mixing zone. 


High Vapor-Pressure Pipelines. High vapor-pressure systems are characterized 
by low density, low viscosity, and the necessity to operate the system at elevated 
pressure to maintain the fluid as a single phase in the pipeline. Single phase is 
maintained throughout the pipeline by maintaining the elevation of the hydraulic 
gradient above the ground profile by more than the head equivalent of the local 
vapor pressure. Back-pressure regulators may be installed in terminals to maintain 
the required elevated gradient. In this sense, the design of high vapor-pressure lines 
differs from crude-oil pipelines in that the parameter governing design is the vapor 
pressure, directly related to temperature, rather than viscosity, which is on maximum 
temperature, where maximum vapor pressure occurs, versus the maximum viscosity 
or minimum temperature point which is the design basis of highly viscous fluid 
systems. 


Waxy and Heavy Crude Oils. One treatment for waxy and heavy crude oils is to 
heat the commodity as part of the transport operation. This concept was discussed 
earlier under nonisothermal hydraulics. 

Chemical additives have also been used in oil pipeline systems to improve flow, 
i.e., reduce the drag of heavy and waxy crudes. Initially developed to enhance oil- 
well fracturing, these additives are hydrocarbon-based polymers. The additives are 
solutions of a high molecular-weight copolymer or polyolefin in a hydrocarbon 
solvent. Being a hydrocarbon, it distills according to the volatility of its fractions 
and is not distinguishable from the hydrocarbons originally present in crude oil. 
The additive reduces the turbulent flow, effectively expanding the transition flow 
region. It is injected into the flowing pipeline stream by a compact, skid-mounted 
chemical injection module consisting of injection pumps, positive displacement 
flowmeters with totalizers, and miscellaneous instrumentation. The polymer itself 
is so viscous that an inert gas, such as nitrogen, is used to help transfer the material 
from tank to pumps. 

Injection of the additive must be at every station on a system, because the 
polymer is degraded by the action of centrifugal pumps. Initially it was thought 
that only very large diameter pipelines could benefit from the use of drag reducers. 
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Widespread tests have demonstrated that smaller crude and product lines can 
also benefit. 


Multiphased Flow. The presence of gas and liquid phases of a product in sections 
or in the entire pipeline length has been mentioned in the discussion of slack flow. 
Multiphased flow is particularly a factor in flow lines used to gather the produced 
gas-oil-water mixture from wells in a production field and transport it to separation 
facilities. Detailed knowledge of phase-equilibrium conditions and related product 
properties as well as specific multiphased flow energy and hydraulic conditions is 
required for the design of these systems. Computer programs have been developed 
to include the possibility of multiphased flow and are commonly employed for the 
solution of the hydraulic design of this type of system. 


Seismic Considerations 


The entire topic of designing facilities and systems, including pipeline systems for 
earthquakes, is of major importance in many parts of the world. With consideration 
to pipeline design, three major seismic hazards for buried pipelines are landslides, 
liquefaction of soil under and around the pipe, and differential fault movement 
and ground rupture. Ground motion (shaking) itself is a major consideration in the 
design of stations and terminal facilities and aboveground supports of a pipeline, 
but has less effect on buried pipelines"? Differential settlement and faultline shifts 
with vertical and horizontal displacement will impose additional longitudinal stresses 
on the pipe material. 

In route selection, a survey of alternate routes should consider evidence of past 
landslides, i.e., movement of the ground triggered by a seismic occurrence. Slopes 
showing signs of recent instability or movement may be candidates for further 
disturbance in event of an earthquake. If slope instability involves deep translations 
and rotational displacement, the potential ground movements in the area may be 
large, and relocation of the pipeline may be more cost beneficial than expensive 
stabilization measures. If instability involves slumps and shallow slides, slope stabili- 
zation may be effective. In any case, seismic and geologic specialists should be con- 
sulted. 

In saturated, cohesionless soils, for example, nonplastic silts and medium-dense 
sands, liquefaction may be the major hazard wherein the soil temporarily is trans- 
formed into a liquid state, losing shear strength and bearing capacity. Liquefaction 
leads to lateral spreading, loss of bearing capacity, and uplift of buried pipe due 
to increased buoyancy. Several measures can be taken to design a pipeline system 
crossing areas susceptible to liquefaction, including designing for moderate deforma- 
tions as a result of uplift during an event, limited burial in the area, and adding 
weight coatings, thereby limiting uplift. Operationally, additional line block valves 
for shut-off in case of a failure following an earthquake may need to be provided. 

Fault movement is the most dramatic earthquake occurrence, and potentially 
catastrophic for a pipeline. Pipeline alignment in fault zones should be such that 
the expected fault movement will produce tensile stresses in the pipe. If compressive 
stresses result, buckling may occur. The line should be laid in relatively straight 
sections, crossing the fault at an angle of 60 to 90? and without abrupt changes in 
direction or elevation, a procedure which might serve as an anchor during an 
earthquake. Depth of cover should be minimal, thereby reducing soil restraint, and 
the backfill material should be granular, medium-range soft sand without large 
stones, placed well around the pipe to allow relatively free movement. 
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Two of the references, Guidelines for the Seismic Design of Oil and Gas 
Pipeline Systems,’ and “Seismic Design of Oil Pipeline Systems? have additional 
material on the location and operation of pipelines across earthquake fault zones. 


Underwater Pipeline Design??? 


The subject of underwater pipeline design, in particular ocean or deepwater pipe- 
lines, is worthy of a separate chapter. Yet it is important to reference some of the 
related topics here, particularly about the section of a pipeline system that may 
cross a river or lake, requiring placement underwater. There are generally two 
types of underwater pipelines—those that cross a relatively short distance and 
represent a minimal portion of the entire system design, e.g., a river crossing; and 
the submarine pipeline, which is primarily underwater. River crossings of a pipeline 
can be made by pulling the pipe string previously welded onshore, or by laying the 
pipeline into a trench beneath the depth of scour, then covering with protective 
backfill. Directional drilling techniques to drill under the riverbed are available 
where soil conditions, distance, construction space, and pipe properties are amena- 
ble. However, the design of an underwater, or submarine, pipeline has several 
special considerations, which may or may not also be major considerations in river 
crossings of terrain pipeline systems. The reader is referred to specific handbooks 
on the design of ocean pipelines for more specific information on this topic. 

If a body of water is to be crossed as part of a terrain pipeline and the decision 
is made to place the line underwater, a hydrographic survey of the area should be 
initiated. In addition to as much information as possible about the potential route, 
other hydrographic data are required, such as current and tidal data, weather 
records, wave height and patterns, possible underwater obstructions along the route, 
and sources of impact such as dragging anchors. Selection of the landfall location 
is also an important element in the route selection. 

External pressure, discussed earlier, will be greatest on the empty pipeline after 
placement. The tendency of the pipe to buckle under external pressure should 
always be checked and design of buckle arresters, i.e., stiffer sections, included in 
the design to limit buckle propagation. 

Selection of the material for the pipeline should take into consideration that 
the stresses during the laying operation may govern the mechanical design. Note 
that these stresses do not occur in conjunction with internal pressure. The laying 


TABLE C5.9 Conversion Factors, Length 


To 
obtain 
> 
Multiply | 
by ` in ft m mi 


Millimeter 1 0.03937 0.003281 0.001 — 6.2137E-7 
Inch 25.4 1 0.08333 2.540E-2  1.5783E-5 
Foot 304.8 12 1  3.0480E-1  1.8939E-4 
Meter 1000 39.37 3.2808 1  62137E-4 
Mile 1.6093E6 6.336E4 5.280E3 1.6093E3 1 
Kilometer 1.0000E6 3.937E4 | 3.2808E3 1.000E3  6.2139E-1 
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TABLE C5.10 


To 
obtain 
> 
Multiply | 
by \ 
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Conversion Factors, Hydraulic Gradients 


kg;/cm/km kPa/km psi/mi 


ft,;/mi 


m;/km 


kg,/cm? 
per km 


kPa per 
kilometer 


psi per mile 


foot; 
per mile 


meter;, per 
kilometer 


98.0665 22.8892 


0.0102 1 0.2334 
0.04369 4.2843 1 


0.01893*rd 1.8564*rd 0.4333*rd 


0.10*rd 9.8067*rd 2.2879* 1d 


52.828/rd 


0.5387/rd 
2.3077/rd 


10/rd 


0.10976/rd 
0.4371/rd 


0.1894 


rd = relative density: absolute density of fluid divided by density of water @15°C and 101.325 kPa, 
where density of water is taken as 1000 kg/m?. Subscript hd = head in column of liquid at the density of 


the fluid.5" 


stresses can be categorized as direct pulling stresses, from welding onshore and 
pulling into location or from the tension of laying from a laybarge; bending stresses 
as the pipe is lowered to the riverbed or seabed; torsional stresses induced during 
the laying operation; and current and wave stresses during tow and placement. 
Pipeline stability, once in place, is another consideration to ensure security of 
the pipeline. If additional weight is required, it can be provided by weights or 
anchors placed at intervals or by continuous weight coating. Placement of the 
pipeline in a trench and covering with protective backfill is another alternative. 


TABLE C5.11 


To 
obtain 
=> 
Multiply | 
by X 


Conversion Factors, Pressure 


Ib;/sq in Ib;/sq ft kg,/sq cm 


bar (b) 


kPa 


Pound, per 
square inch 


Pound; per 
square foot 


Kilogram; 
per square 
centimeter 


Bar 
Kilopascal 


0.070307 


4.883E-4 


14.504 1.0197 
0.14504 0.010197 


6.89476E-2 


4.787E-4 


0.9807 


6.89476 


0.04787 


98.0665 
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Unit Conversion Tables. Tables C5.9, C5.10 and C5.11 provide unit conversion 
factors for length, hydraulic gradient, and pressure, respectively. Refer to App. 
E1 also. 
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GAS SYSTEMS PIPING 
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INTRODUCTION 


General 


Natural gas is the cleanest of all fossil fuels. Plentiful supply, competitive cost, and 
versatility continue to support an upward trend in the consumption of natural gas 
on a worldwide scale. In addition to its traditional industrial and residential uses, 
natural gas has made inroads as a motor fuel for fleet and private vehicles, and as 
a supply for gas-fired cogeneration power plants and for use in fuel cells. 

Increasingly, gas fields are being discovered in the remotest regions of the world. 
Gas transportation and distribution to and within the industrial and/or populated 
areas where it is needed is a significant factor in its development as an energy 
resource. Over long distances, gas can be transported by pipelines or in liquid form 
in ships. For local distribution, the gas can be delivered through piping distribution 
networks or in trucks in liquid form. 

This chapter addresses the transport and distribution of gas by pipelines and 
piping systems. Throughout the chapter, reference will be made to Section B31.8 
of the American Society of Mechanical Engineers (ASME) Code for Pressure 
Piping, Gas Transmission and Distribution Piping Systems. This is for convenience 
only as it is beyond the scope of this endeavor to reference, cross-reference, or 
compare the many excellent codes and standards that have been developed and 
that are in use in other countries. 


Definitions 


Section B31.8 of the ASME Code for Pressure Piping, Gas Transmission and 
Distribution Piping Systems, defines gas as follows: 
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Legend 
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FIGURE C6.1 Gas transmission and distribution piping systems.’ (Ref. 8.) 


Gas, as used in this Code, is any gas or mixture of gases suitable for domestic or 
industrial fuel and transmitted or distributed to the user through a piping system. 
The common types are natural gas, manufactured gas, and liquefied petroleum gas 
distributed as a vapor, with or without the admixture of air. (Ref. 8.) 


A comprehensive listing of the definitions of general terms used in the gas 
transmission industry is provided in Secs. 803 through 806 of ASME B31.8. 
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Types of Systems 


Figure C6.1, abstracted from ASME B31.8, gives an overview of the piping and 
facilities (indicated by solid lines) considered to be part of gas transmission and 
distribution piping systems. 


Gas Gathering System. The gas gathering system consists of field pipelines trans- 
porting dry or wet gas from the wellheads to a central treating facility, where initial 
separation of gas and liquids takes place. 


Mainline (Pipeline) Transmission Lines. Main transmission pipelines transport 
gas from a source or sources of supply to one or more distribution centers or to 
one or more large-volume customers, or may interconnect sources of supply. Main 
transmission pipelines are usually characterized by larger-diameter pipe installed 
over longer distances with intermediate compressor stations. 


Gas Distribution System. The gas distribution system is a piping system installed 
within a community to convey gas to individual service lines or other gas 
mains. 
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Codes and Standards 


In the United States as well as many other countries the need for a national code 
for pressure piping became evident in the early stages of the pipeline industry. To 
meet this need, codes and standards were developed, and reviewed and revised 
over the years as needed, to meet the requisites of the industry and of government 
regulatory agencies. The process is ongoing. 

In some instances the codes and standards have become law, as is the case with 
The Pipeline Safety Act in the United States in the form of Title 49 Part 192 and 
195 of the Code of Federal Regulations, "Transportation of Natural and Other 
Gas by Pipeline" and “Transportation of Liquids by Pipeline." 

Needless to say, whether enacted into law or not, it is not the intent of codes and 
standards to provide a set of rigid rules and formulas, which if followed diligently, will 
always result in the design and construction of a perfect pipeline system. The great 
number of variables involved, the unknown circumstances that can be encountered, 
and the random eventualities which may occur preclude such an approach. Codes 
and standards do, however, provide a framework within which the experienced and 
competent designer or engineer can develop a safe, reliable, and economic 
pipeline. 

The following is a listing of codes and standards referenced in this chapter: 


API 5L Line Pipe 

API 1104 Welding of Pipelines and Related Facil- 
ities 

API RP 520 Sizing, Selection, and Installation. of 


Pressure-Relieving Devices in Refin- 
eries 


esc 


TABLE C6.1 


Country/code 


Location 


Percent of 
yield 


Design on 
min. or 
nom. wall 
thickness 


Gas Pipeline Code Comparison for Various Countries 


Allowance for 
excess pressure 


Main line valve 
frequency 


Normal 
temperature 
range 


Special remarks 


U.S.A. 
ASME B31.8 1995 


Class 1 Div 1 
Class 1 Div 2 
Class 2 
Class 3 
Class 4 


80 
72 


50 
40 


Nominal 


Lesser of 10% overpressure 
or 75% of yield 


Class 1 20 miles 
Class 2 15 miles 
Class 3 10 miles 
Class 4 5 miles 


—20*F to 450°F 
(—29*C to 232°C) 
Derating above 250°F 
(121°C) 


Class 1: Desert or farmland 

Class 2: Town outskirts 

Class 3: Residential and commercial 
Class 4: Town center, high rises 


CANADA-CSA Z662 


Class 1 
Class 2 
Class 3 
Class 4 


72 
60 
50 
40 


Nominal 


Lesser of 10% overpressure 
or 75% of yield 


Class 1 Not Required 
Class 2 25 km 
Class 3 13 km 
Class 4 8 km 


—100°F to 450°F 
(—74*C to 232°C) 
Derating above 250°F 
(121°C) 


Class 1: <10 dwellings for human 
occupancy 

Class 2: >10 <46 dwellings 

Class 3: >46 dwellings 

Class 4: Buildings 4 or more stories 


AUSTRALIA-AS 2885 


Class R1 
Class R2 
Class T1 
Class T2 


Nominal 


10% Overpressure 


Class R1 As Required 
Class R2 30 km 
Class T1 15 km 
Class T2 15 km 


—22*F to 446°F 
(—30*C to 230°C) 
Derating above 248°F 
(120*C) 


Class R1: Undeveloped, sparsely 
populated 

Class R2: Small farms, rural 
residential 

Class T1: Residential, commercial, 
industrial areas 

Class T2: Buildings 4 or more floors 


Submarine lines S.F. 1.4 except at 
piers, risers, scraper traps S.F.: 1.7. 


Station piping and on bridges S.F. 1.7. 


ISO/DIS 13623 


Class 1 
Class 2 
Class 3 
Class 4 
Class 5 


Minimum 


At beginning and end of 


pipelines, and as needed. 


Class 1: Areas of infrequent human 
activity 

Class 2: Population density <50 
persons/sq km 

Class 3: Population density =50 
«250/sq km 

Class 4: Population density =250/sq km 

Class 5: Buildings 4 or more stories 
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ANSI/AWWA Ductile-Iron Pipe, Centrifugally Cast, 

C151/A21.51 for Water 

ASME 16.5 Pipe Flanges and Flanged Fittings 

ASME B31.8 Gas Transmission and Distribution Pip- 
ing Systems 

ASME Boiler and Pressure Vessel Code 

ASTM D 2513 Thermoplastic Gas Pressure Pipe, Tub- 
ing, and Fittings 

ASTM D 2517 Reinforced Epoxy Resin Gas Pressure 
Pipe and Fittings 

DOT 49 PT 192/195 Transportation of Natural and Other 


Gas by Pipeline/Transportation of 
Liquids by Pipeline 

NFPA 30 Flammable and Combustible Liquids 
Code 


Other Reference Documents 


Many countries other than the United States have pipeline regulations of their 
own, and in many cases these are more stringent than the U.S. codes, especially 
where licensing and leak testing are concerned. These must always be researched 
before starting design intended for the installation of pipelines in other countries. 
Countries known to have codes include: 


Algeria Germany 
Austria Great Britain 
Australia Japan 
Belgium Italy 

Canada Russia 
France 


Table C6.1 provides a synopsis of some of these pipeline codes. 


DESIGN 


The specific identification of types of pipe generally used for high-pressure gas lines 
is given in the latest edition of the ASME Code for Pressure Piping, ASME B31.8. 
Special fittings for gas systems, together with typical details and design recommenda- 
tions, are included in this chapter. 


Basic Flow Equations 


Rational Gas Flow Formula. Many equations for calculations involving isother- 
mal gas flow in horizontal gas pipelines have been used by the pipeline industry 
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with varying degrees of success over the years. One of the more common is the 
rational gas flow formula: 


where 


P? — P? = Bf(ZTGQ?/D°)L (C6.1) 
Units 
Imperial Metric 
B = dimensional constant 76.86 5608 
= internal diameter in mm 
f= friction factor dimensionless 
= length mi km 
= gas gravity (air = 1) 
P, = initial line pressure psia kg/cm? 
P, = final line pressure psia kg/cm? 
Q= flow rate 1000 ft?/hr m?/hr 
(MCF/hr) 
T= absolute gas temperature °R K 
(°F+460) (°C+273) 
Z= compressibility factor, at dimensionless 
average flow conditions 


To take into account differences in elevation, the pressure profile for flow in 
gas pipelines is determined using the rational gas flow formula modified with J. 
William Ferguson’s elevation correction method as follows: 


P? — e° P? = Bf (ZTGQ?/D°)L. (C6.2) 
Units 
Imperial Metric 
where B = dimensional constant 76.86 5608 
P, = initial line pressure psia kg/cm? 
P, = final line pressure psia kg/cm? 
e= natural logarithmic base, 2.71828 
f= friction factor dimensionless 
G = gas gravity (air = 1) 
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= absolute gas temperature °R K 
= flow rate 1000 ft/hr m?/hr 
(MCF/hr) 
Z- compressibility factor, at dimensionless 
average flow conditions 
= length of pipe segment mi km 
H = elevation difference over the ft m 
segment (positive uphill, 
negative downhill) 
A= dimensional constant 26.647 14.637 
s= GH/(ATZ) dimensionless 
L, = effective length (e* — 1) L/s mi km 
D= pipe internal diameter in mm 
e= elevation correction factor dimensionless 


Pipe Design Formula. 


ing formula: 


The design pressure for steel gas piping systems or the 
nominal wall thickness for a given design pressure is determined by the follow- 


where 


P=2StFET/D (C6.3) 
Units 
Imperial Metric 
P= permissible design pressure psig kg/cm? 
= yield strength psig kg/cm? 
D= nominal outside pipe in mm 
diameter 
t= nominal pipe wall thickness in mm 
F= design factor. Value depends dimensionless 
on location class. (See Table 
C6.2). Exceptions are given 
in Table C6.3. 
E- longitudinal pipe joint factor. dimensionless 
This is a function of the type 
of pipe manufacture. (See 
Table C6.4). 
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T= temperature derating factor. dimensionless 
(See Table C6.5) 


Location Classes for Design. The possibility of damage to a gas pipeline increases 
with greater concentrations of people and buildings. One method of providing 
added protection is to lower the pipe stress level as a function of public activity. 


TABLE C6.2 Basic Design Factor F (Ref. 8) 


Location class Design factor F 


Location Class 1, Division 1 0.80 
Location Class 1, Division 2 0.72 
Location Class 2 0.60 
Location Class 3 0.50 
Location Class 4 0.40 


ASME B31.8 quantifies this activity by determining location class and relating the 
design of the pipeline to the appropriate design factor. 
ASME B31.8 has defined location classes as follows: 


Location Class 1. A Location Class 1 is any 1 mile section that has 10 or fewer 
buildings intended for human occupancy. A Location Class 1 is intended to 
reflect areas such as wasteland, deserts, mountains, grazing land, farmland, and 
sparsely populated areas. 


Division 1. A Class 1 location where the design factor of the pipe is greater 
than 0.72, but equal to or less than 0.80, and which has been hydrostatically 
tested to 1.25 times the maximum operating pressure. 


Division 2. A Class 1 location where the design factor of the pipe is equal 
to or less than 0.72, and which has been tested to 1.1 times the maximum 
operating pressure. 


Location Class 2. A Location Class 2 is any 1 mile section that has more than 
10 but fewer than 46 buildings intended for human occupancy. A Location Class 
2 is intended to reflect areas where the degree of population is intermediate 
between Location Class 1 and Location Class 3 such as fringe areas around cities 
and towns, industrial areas, ranch or country estates, etc. 


Location Class 3. A Location Class 3 is any 1 mile section that has 46 or more 
buildings intended for human occupancy except when a Location Class 4 prevails. 
A Location Class 3 is intended to reflect areas such as suburban housing develop- 
ments, shopping centers, residential areas, industrial areas, and other populated 
areas not meeting Location Class 4 requirements. 


Location Class 4. Location Class 4 includes areas where multistory buildings 
are prevalent, and where traffic is heavy or dense and where there may be 
numerous other utilities underground. Multistory means 4 or more floors above 
ground including the first or ground floor. 


The design factor for pipelines or mains supported by railroad, vehicular, pedes- 
trian, or pipeline bridges must be determined in accordance with the location class 
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TABLE C6.3 Design Factors for Steel Pipe Construction (Ref. 8) 


Location class 


2 


Facility 


Pipelines, mains, and service lines 

Crossings of roads, railroads without casing: 

(a) Private roads 

(b) Unimproved public roads 

(c) Roads, highways, or public streets, with 
hard surface and railroads 

Crossings of roads, railroads with casing: 


(a) Private roads 

(b) Unimproved public roads 

(c) Roads, highways, or public streets, with 
hard surface and railroads 

Parallel encroachment of pipelines and mains 

on roads and railroads: 

(a) Private roads 

(b) Unimproved public roads 

(c) Roads, highways, or public streets, with 
hard surface and railroads 

Fabricated assemblies 

Pipelines on bridges 

Compressor station piping 

Near concentration of people in Location 

Classes 1 and 2 


TABLE C6.4 Longitudinal Joint Factor E (Ref. 8) 


Spec. No. Pipe class E factor Spec No. Pipe class E factor 


ASTM A 53 Seamless .00 ASTM A 671 Electrical fusion welded 
Electrical resistance welded .00 Classes 13, 23, 33, 43, 53 
Furnace butt welded— 0.60 Classes 12, 22, 32, 42, 52 
Continuous weld 
ASTM A 106 Seamless .00 ASTM A 672 Electric fusion welded 
ASTM A 134 Electric fusion arc welded 0.80 Classes 13, 23, 33, 43, 53 
ASTM A 135 Electric resistance welded .00 Classes 12, 22, 32, 42, 52 


ASTM A 139 Electric fusion welded 0.80 

ASTM A211 Spiral welded steel pipe 0.80 Seamless 

ASTM A 333 Seamless .00 Electric resistance welded 
Electric resistance welded .00 Electric flash welded 

ASTM A381 Double submerged- .00 Furnace butt welded 
Arc-welded Submerged arc welded 


General note: 
Definitions for the various classes of welded pipe are given in ASME B31.8. 
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TABLE C6.5 Temperature Derating Factor T for Steel Pipe (Ref. 2) 


Temperature 


°F 


°C 


factor T 


Temperature derating 


250 or less 


300 
350 
400 
450 


121 or less 
149 
177 
204 
232 


1.000 
0.967 
0.033 
0.900 
0.867 


General note: 
For intermediate temperatures, interpolate for derating factor. 


prescribed for the area in which the bridge is located, except that in Location Class 
1, a design factor of 0.6 must be used. 


Flowing Temperature. The original equation developed to predict with reasonable 
accuracy the temperature of gas at any point along a transmission line was derived 
by Charles E. Schorre and presented in 1954 (Schorre, C.E., “Flow Temperature 
in a Gas Pipeline," OGJ, Sept. 27, 1954). 

However, with Schorre's equation, flowing gas temperatures continuously de- 
crease with downstream distance, never reaching an equilibrium value as would be 
expected when the Joule-Thompson cooling effect is offset by heat gain from warmer 
surrounding soil. 

In 1979, D.M. Coulter and M.F. Bardon developed the following equation which 
gives a logarithmically decreasing flowing gas temperature which asymptotically 
approaches a value below that ofthe ground temperature. Using the same nomencla- 


ture as Schorre (and P — pressure): 


T; = (Ty — (T, + (u/a)(d P /AX))) e"? + (T  (u/a)(d P /dX)) (C64) 


Units 
where Imperial Metric 
u = |Joule-Thompson coefficient °F/psi "C/kg/cm* 
p(dP/dX) = J = Joule-Thompson effect °F/ft of pipe |°C/m of pipe 
X; =| distance to T; from initial point) ft m 
X, =| distance to T, from initial point| ft m 
> X; = X; ft m 
J/a — |temperature difference ?F °C 
between the ground and gas 
which would be necessary to 
hold the gas temperature 
constant 


GAS SYSTEMS PIPING C.259 


T, = | initial gas temperature at point | ^F °C 
X 
T, =| gas temperature at point X, °F °C 
T, = | average ground temperature °F °C 
a = 2x RU/(qCy) (C6.5) 
Units 
Imperial Metric 
where a= | Pi 3.1416 3.1416 
R = | pipe radius ft m 
= | heat-transfer coefficient Btu/hour/ | Joules/hour/ 
°F/sq.ft. °C/em? 
q= | gas flowing 1000 ft?/hr | m?/hr 
(MCF/hr) 
C, = | specific heat of gas at constant | Btu/°F/ Joules/°C/ 
pressure MCF m? 


(Coulter, D.M., Bardon, M.F., “Revised equation improves flowing gas tempera- 
ture prediction," OGJ, Feb. 26, 1979) 


Transmission Factor. The transmission factor, (1/f)°°, is one of the most difficult 


values to determine. The following equations have proven to be reasonably reliable 
for use with the rational gas flow formula. 
For laminar flow: 


(1/f)?? = 0.5(4 log, (f 9? Re) — 0.6) (C6.6) 
For fully turbulent flow: 
(1/f)9? = 0.5(Alog;g 3.7 D/ k,)) (C6.7) 
For fully turbulent flow using Colebrook's? equation: 
(1/f 9? = 1.74 — 2 Log,g(2e/ D + 18.7/(R, f9^)) (C6.8) 
The Colebrook equation requires an iterative procedure to solve for f. 
Units 
Imperial Metric 
where f= friction coefficient dimensionless 
D= inside diameter of pipe in mm 
ke effective roughness in mm 
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e= absolute roughness in mm 


R, = Reynolds number dimensionless 


The Reynolds number for flowing gas is determined by the following: 


Re = CQ) GP, /(uD Th) (C6.9) 
Units 
Imperial Metric 

where C= Dimensional constant 0.7099 12.3039 

Q, = flow rate at P,, T, ft}/day m?/hr 

= gas specific gravity (Air = 1.0) 

P,= base pressure psia kg/cm? 

u= viscosity centipoise kgf s/m? 

D = internal diameter in mm 

T, = base temperature °R K 


Compressibility Factor. The compressibility factor, Z, may be obtained from the 
standard gas compressibility factor chart, Fig. C6.2. 


Pseudo-reduced temperature, T,—-T/T. (C6.10) 
Pseudo-reduced pressure, P= PJP (C6.11) 
Units 
Imperial | Metric 
where T, = | absolute pseudo-critical temperature °R K 
P, = | absolute pseudo-critical pressure psia kg/cm? 
P = | absolute pressure at which the gas exists psia kg/cm? 
T = | absolute temperature at which the gas exists | °R K 


Figure C6.3 provides convenient approximations for determining the pseudo- 
critical pressure and pseudo-critical temperature of gases when only the specific 
gravity of the gas is known. Otherwise, these values should be calculated based on 
actual gas composition. 
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FIGURE C6.2  Compressibility factors for natural gas. (Gas Processor Suppliers Association Engi- 


neering Data Book.) 
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650 


600 


Pseudo critical pressure, psia 


550 


500 
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Pseudo critical temperature, 9R 


0.5 0.6 0.7 0.8 0.9 1.0 13 
Gas gravity (air z1) 


FIGURE C6.3  Pseudocritical properties of natural gases. (Gas Processors Suppliers Association 
Engineering Data Book.) 


Gas Gathering Systems 


Condensate Formation. Liquids are created in gas pipelines when the temperature 
of the gas flowing through the pipeline drops below the dewpoint of the gas. As 
the gas has both a hydrocarbon dewpoint and a water dewpoint, both hydrocarbons 
and water may condense and accumulate at low points in the pipeline to obstruct 
the flow of gas. In addition to the reduction in the capacity of the pipeline, the 
arrival of large volumes of liquid at downstream gas treatment facilities can result 
in severe damage to equipment or, at the least, cause erratic plant operation. 
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Two-Phase Flow. Accurate determination of pressures along the route of a wet 
gas pipeline operating in two-phase flow is difficult because the flow regimes associ- 
ated with two-phase flow are numerous, complex, and difficult to define. Consider- 
ation must be given to gas and liquid fluid properties, flow regimes, pressure drop, 
and liquid holdup. 

The major complication with two-phase flow is the variety of flow patterns that 
can be produced in a gas-liquid system. The type of flow pattern encountered 
depends upon the flow rates and properties (density and viscosity) of each of the 
gas and liquid components, surface tension between the two phases, pipe size, and 
pipe configuration, and terrain. These factors have rendered the derivation of 
general flow correlations difficult. 

New correlations for pressure loss and liquid holdup in gas/liquid pipelines are 
continuously being developed and are showing consistently reliable predictions for 
both holdup and pressure loss when compared to actual field operating data. 

The very number, complexity, and application specific limitations of many of 
these correlations precludes the presentation and discussion of any particular corre- 
lation in this chapter. The reader is referred to current literature to obtain the 
latest information and formulas, and to proprietary computer software available 
on the market. 


Hydrate Considerations. Under unfavorable conditions, the low molecular weight 
hydrocarbons such as methane, propane, or butane form insoluble hydrate deposits 
in conjunction with water molecules. These hydrate crystals, which resemble ice or 
wet snow, have been known to virtually plug and stop gas transmission lines. 

Hydrates may also occur in equipment as a result of cooling due to pressure 
reduction. This can be a problem particularly in pressure-control valves and pressure 
regulators, which can literally freeze up. 

The methods for determining the hydrate temperature/pressure are covered in 
detail in Sec. 15 of the Gas Processors Suppliers Association (GPSA) Engineering 
Data Book. 

Hydrate formation can be prevented by maintaining the gas at a higher tempera- 
ture, by dehydrating the gas, or by the injection of glycol or methanol. Where 
hydrate problems occur at pressure-control valves or other equipment, localized 
heating of the equipment may provide an efficient solution. 


Gas Transmission Systems 


Route Selection. The most logical pipeline route is a straight line between the 
point of supply and the point of delivery. However, in practice this tends to be the 
exception and not the rule. Physical terrain, soil conditions, built-up areas, popula- 
tion densities, and both natural and man-made obstacles together with the require- 
ments of codes and standards will force deviations from a straight line route. 

Normally, the best route from a number of alternates will be that which results 
in the lowest overall project cost for the life of the project, considering material 
and equipment, construction, and operation and maintenance costs. 

In evaluating possible pipeline routes, consideration must be given to the fol- 
lowing: 


Location of Facilities. | Although the locations of supply and delivery points are 
usually fixed, the siting of these facilities should take into account the availability 
of suitable pipeline routes whenever possible. 
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On long transmission lines, the availability of suitable sites for intermediate 
compressor stations will also have an impact on the selection of the final route. 

And finally, the location of possible future supply and delivery connections 
to the mainline may play a role in the alignment of the mainline. 


Environment. Impact on the environment of pipeline construction, mainte- 
nance, and operation must be considered and mitigated, or avoided altogether 
by rerouting. Special attention must be given to the habitats of endangered 
species of plant and animal life. In many instances severe restrictions will be 
imposed on the construction of the pipeline and related facilities. 


Cultural and Historical Heritage. Sensitivity to the significance of local cultural 
and historical areas to the local peoples must be exercised in developing the 
pipeline route. Gaining the trust and respect of the people who will be affected 
by the installation and operation of the pipeline will reap substantial benefits 
for construction and future operation. 


Terrain. 'The terrain which a pipeline traverses has a significant impact on 
construction costs and in some cases maintenance costs. For instance, the amount 
of rock along the pipeline route has a major impact on the cost of installation, 
but little or none on operating or maintenance costs. However, areas of soil 
erosion, landslide areas, swamps, and river crossings increase both the cost of 
installation and the cost of maintenance. Such areas usually require special 
construction methods and in many cases require stabilization measures after 
installation which become a continuing maintenance item. 


Man-Made Infrastructure. The pipeline route must normally also cross roads, 
highways, railroads, canals, and irrigation structures. Such crossings increase 
the installation costs as additional depth of burial, and in some instances, the 
installation of casing is required. The costs of crossing such obstacles must be 
weighed against the costs of alternate routes, if available. 


Populated Areas. The pipeline route should avoid populated areas to reduce 
the exposure of the population to hazards associated with the pipeline. Also, 
by avoiding populated areas, the possibility of damage to or interference with 
the pipeline is reduced. 

There is also an economic penalty in crossing populated areas. Most codes 
will require the use of a lower pipe design factor, resulting in the installation of 
heavier-wall pipe. More expensive construction methods may also be required 
and ready access to the pipeline for operation and maintenance may be reduced. 

The area defined by Section 840 of ASME B31.8 in which the design of the 
pipeline is affected by the density of the population extends 200 meters (% mile) 
on either side of the pipeline. As future increases in population density can force 
the upgrading of an existing pipeline, the rate of development and probable 
direction of future population growth must be considered in selecting the pipe- 
line route. 


Diameter Selection/Station Spacing. Investment in pipe invariably represents the 
largest single expenditure for a transmission line. It is therefore imperative to find 
the size of pipe that will most cost-effectively handle the required gas volumes. To 
do so, horsepower and compressor station spacing must be considered. While pipe 
tonnage represents a high first cost in investment compared to the installation of 
horsepower, the operating charges for pipe are relatively negligible, while fuel 
and maintenance costs of compressor facilities are high. The savings realized by 
decreasing pipe tonnage can eventually be offset by the costs associated with the 
increased horsepower required. 
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CENTS PER MCF PER 1,000 MILES VS. 
MAXIMUM DAY THROUGHPUT (MMCFD) AT 14.73 PSIA PRESSURE BASE 


| 
NOTES: 
1. 90% PIPELINE ANNUAL CAPACITY FACTOR 
2. 15% CAPITAL CHARGES 1 


3. 1,000 PSI OPERATING PRESSURE 


Unit cost (C/MCF) 


10 15 2 25 3 4 5 6789100 15 2 253 4 5 87891,0000 15 2 253 4 5,000 
VOLUME (MMCFD) Based of 1970 Cost Data’ 


FIGURE C6.4 Effect of pipeline diameter on gas transmission costs. 


An estimate of the pipe size required can be made from charts similar to Fig. 
C6.4, which plot gas transmission costs against throughput volume for varying pipe 
diameters. With the approximate pipe size(s) determined, a preliminary economic 
analysis can be performed using computer programs developed for economic studies 
of gas pipeline systems. These programs allow for the rapid comparison of a number 
of alternatives, allowing the selection of the one apparently offering most eco- 
nomic advantages. 

With an optimum pipe size determined, a more precise design of the selected 
system can be undertaken. 


Mainline Valves. Mainline valves are installed in gas transmission lines for both 
safety and economic reasons. The basic concern is the loss of gas and the associated 
hazards in the event of a break in the pipe. Factors which must be considered in 
determining the spacing of mainline valves include: 


* The availability of continuous access to the valves 
* The conservation of gas 


* The time required to blow down any given section of pipe in case of emergency 
or maintenance 


* Continuity of gas service 
* Operating flexibility 
* Future development within the pipe section 


* Any significant natural conditions which could adversely affect the operation and 
security of the pipeline 
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The maximum spacing between valves is specified in Sec. 846 of ASME B31.8 
and varies with the population density along the pipeline. Spacing on new transmis- 
sion lines may not exceed the following: 


Location Spacing 

Class 1 20 miles (32 km) 
Class 2 15 mile (24 km) 
Class 3 10 miles (16 km) 
Class 4 5 miles (8 km) 


The mainline valves should be of the full-opening, through-conduit type to allow 
for the passage of scrapers and inspection pigs. Either ball or gate valves are suitable, 
preferably weld-end (avoids flange leaks) with shop-welded transition pieces. Valves 
for underground service should have stem extensions to elevate the valve operators 
above grade and should also have lubricant and bleed lines extended for ease 
of access. 


Blowdown Assemblies. Blowdown assemblies allow for the evacuation of gas from 
sections of pipeline under emergency conditions or for scheduled maintenance 
operations. A typical mainline valve and blowdown assembly is shown in Fig. C6.5. 
The primary consideration in sizing the piping for the assembly is the time 
required to blow down the section between two mainline valves. 
The following formula, found in the American Gas Association Manual, provides 
a means of determining venting time and blowdown valve size: 


T, = BP}? GP D? LF; Jd? (C6.12) 
Units 
Imperial Metric 
where TI blowdown time min min 
B = dimensional constant 0.0588 0.0886 
P, = initial line pressure, abs psia kg/cm? 
G = specific gravity (Air = 1.0) 
D = inside diameter of pipe in mm 
L= length of pipeline section mi km 
d = inside diameter of blowdown in mm 
F. = choke factor: 
ideal nozzle = 1.0 
through gate = 1.6 
regular gate =18 
regular lube plug = 2.0 
venturi lube plug = 3.2 
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" l-in. bleeder-1-in. plug valve 
Blow - off head for 6 in. and complete with bull plug 
ME 


larger sizes 


-I-In, XX heavy nipple valve - 
ASA 600-FF and WE 


Split pipe sleeve, -e 
6 in. long 


2 -In. pipe brace welded to 
sleeve and clamp 
Y 2 - In. weldolet 


2-In. pressure tap for 
M.L. valve operator 


Pipe clamp 


Main lin gate valve 
C/W motor operator 


Concrete footing 


Elevation 


FIGURE C6.5 Mainline gate valve equipped with bypass and blowoff arrangement. (Piping Hand- 
book, fifth edition.) 


Supports for the blowdown assembly must be designed to not only carry the 
weight of valves and piping but also the thrust loads which will occur during venting. 


Gas Distribution Systems 


Although the service pipe that connects the street main to the customer's meter is 
usually installed by the gas supplying company, the actual ownership (and hence, 
responsibility) of the pipe varies. In some areas, the gas company owns the pipe 
all the way to the meter set assembly, but in others the customer owns the pipe 
from the property line. 

Sizing of services may be facilitated by reference to published tables and charts, 
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FIGURE C6.6 Total gas flow through LP services, 0.5 in (12.7 mm) water column total drop. 
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FIGURE C6.7 Total gas flow through LP services, 0.3 in (7.6 mm) water column total drop. 
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or now, more than likely through the use of either proprietary gas company or 
marketed computer software. Regardless of the tools used, the following discussion 
still provides an overview of the thought processes involved, and the charts and 
tables allow for a simplified means of determining pressure drop and flow rate. 

Many different bases are available and used in selecting the proper size. Some 
use a maximum pressure drop; some use a maximum size for all services; others 
make a detailed pressure drop calculation for each installation. A brief description 
of the methods followed by a majority of the companies will be of interest. Consider- 
ation of connected load, length of service, and main pressure are made in selecting 
service pipe size. Generally this combination of variables is handled by means of 
selecting an allowable pressure drop for a particular main pressure and then selecting 
the pipe size based upon length of service and anticipated load, which will result 
in a calculated pressure drop of less than the allowable. Since it is usually the easiest 
to determine the connected load on a gas service, this flow is used to size the service 
pipe. Some companies refine the principle by introducing a diversity factor based 
upon the assumption that all of the appliances will not be in use at the same time. 
Others assume that the service will ultimately supply a piece of gas space heating 
equipment and size the service for this load even if no house heating load is installed 
at present. 

The pressure drop allowed on a gas service is primarily a function of the pressure 
being carried on the mains during the time the mains are supplying the peak demand. 
In a low-pressure system which operates at a nominal main pressure of from 6 to 
8 in (152.4 to 203.2 mm) of water column, most of the companies consider the 
maximum allowable pressure drop on a gas service to be either 0.3 or 0.5 in (7.6 
or 12.7 mm) of water column (see Figs. C6.6 and C6.7). An intermediate-pressure 
system operating at a main pressure of from 1 to 15 psig (0.07 to 1.05 kg/cm?) will 
generally permit an allowable pressure drop of about 0.5 psig (0.035 kg/cm’). High- 
pressure distribution systems permit allowable pressure drops of 0.5 to 3 psig (0.035 
to 0.21 kg/cm?). Another method of selecting the allowable pressure drop is to 
specify that it be some percentage of the main pressure during the maximum hour. 
One company selects a 20 percent drop, and another a 10 percent drop. Still another 
method is to specify a value of 10 for the difference in squares of the absolute inlet 
and outlet pressures. 


Flow Characteristics of Low-Pressure Services. Experiments in 1960 showed that 
the widely used Spitzglass equation for low-pressure gas flow required new resistance 
values. This flow is a function of inside diameter rather than surface smoothness. 
Thus, tubing of smaller diameter does not have a capacity equal to that of a larger 
steel pipe through which it may be drawn for replacement purposes. 

The flow equation for either copper or steel services from % in copper tubing 
size (CTS) copper to NPS 172 (DN 40) steel pipe was found to follow the form: 


: ] 0.54 
total pressure drop in service, P 


(Kp)(S/S)\(L + Ley) 


(C6.13) 


Units 


Imperial Metric 


where Q- flow ft?/h m?/h 
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C= dimensional constant 1 0.009012 
P= total pressure drop in service in H,O cm H,O 
K, = pipe constant, Table C6.6 dimensionless 
S= sp gr of gas dimensionless 
S= sp gr 0.60 dimensionless 
L= length of service ft m 

Lg = equivalent length of fittings, ft m 

Table C6.7 


TABLE C6.6 Values of K, 


CTS 3⁄4 (DN 20) copper 1.622 x 10° 
NPS 1 (DN 25) plastic 0.279 x 1075 
CTS 1 (DN 25) copper 0.383 x 10% 
CTS 14 (DN 32) copper 0.124 x 10 
NPS 1% (DN 32) steel 0.080 x 1075 
NPS 1% (DN 40) steel 0.037 x 10% 


TABLE C6.7 Equivalent Length of Fittings 


Feet Meters 


CTS 1 (DN 25) or CTS 1% (DN 32) curb cock for 3.5 1.07 
copper service 
NPS 174 (DN 32) curb cock for steel service 13.5 4.11 
1v»-in (DN 40) curb cock for 115-in (DN 40) steel service 12.0 3.66 
NPS 1% (DN 32) street elbow for steel service 7.5 2.29 
NPS 1% (DN 40) street elbow for steel service 7.5 2.29 
NPS 174 (DN 32) street tee for steel service 10.5 3.20 
NPS 1% (DN 40) street tee on sleeve or NPS 1% 15.0 4.57 
(DN 32) hole in main 
NPS 1% X 1 X 1% (DN 32 x 25 x 32) street tee 23.0 7.01 
NPS 1% X 1% X 1% (DN 40 x 32 X 40) street tee 19.0 5.79 
Combined outlet fittings: 
CTS 94 (DN 20) copper 2.0 0.61 
CTS 1 (DN 25) copper or plastic 6.0 1.83 
NPS 1% (DN 32) steel 8.0 2.44 
NPS 1% (DN 40) steel 22.0 6.71 
PIPE AND FITTINGS 


Primary Materials 


Most pipe for transmission pipelines worldwide is made to American Petroleum 
Institute (API) Specification 5L, Specification for Line Pipe, and virtually all the 
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major pipe mills in the world qualify for the API stamp. The API specification 
covers: 


* Pipe made from mild steel, Grades A and B (specified minimum yield strengths 
up to 35,000 psi) 

* Pipe made from high-strength steels (i.e., X42, X46, X52 etc., the number following 
the “X” being the specified minimum yield strength expressed in thousands of psi) 


* Pipe made by welding coiled skelp into a helix (spiral) and welding the abut- 
ted edges 


Refer to App. E5 and App. E6. 

Line pipe comes in a variety of sizes from NPS 3 to NPS 60 (DN 80 to DN 
1500) in outside diameter. Special production runs of pipe up to NPS 100 (DN 
2500) in diameter have been made. Wall thickness is usually specified in Ye in (0.8 
mm) in intervals, from %6 in in small pipe sizes to 1% in (31.75 mm) in the larger 
diameters. American engineers use the decimal equivalent of 1⁄2 in to express wall 
thickness (.219 for 752 in, .250 for % in, etc.). Engineers in metric countries express 
the same wall thickness in millimeters (.219 in = 5.56 mm, .250 in = 6.35 mm, etc.). 
Pipe sizes in the metric system tend to be expressed in multiples of 25 mm nominal 
(NPS 14 = DN 350, NPS 24 = DN 600, etc.). Refer to Chap. A1. 

Pipe flanges and flanged fittings are manufactured according to the American 
Society of Mechanical Engineers Standard, ASME B16.5, Steel Pipe Flanges and 
Flanged Fittings, which establishes pressure ratings for eight classes of flanges and 
fittings. ASME B16.5 details the standard physical dimensions, number and size of 
bolt holes, etc. for each size fitting. The exact pressure rating of each class of fitting 
varies with type of steel and the design temperature. 


Other Materials 


Other materials which have been used in gas service include ductile-iron, plastic, 
and copper. Cast-iron, because of its brittleness, is quickly being replaced by plastic 
pipe. These are generally limited to use in mains and service lines in distribution 
systems. A brief summary of the limitations and restrictions on their use is given 
below. 


Ductile-Iron. Ductile-iron pipe must be manufactured in accordance with ANSI 
A21.51/AWWA C151 Ductile Iron Pipe, Centrifugally Cast, in Metal Molds or 
Sand Lined Molds for Gas. 


Plastic. Plastic pipe and components must be manufactured in accordance with 
the following American Society for Testing and Materials (ASTM) standards: 


ASTM D 2513 Thermoplastic Gas Pressure Pipe, Tub- 
ing, and Fittings 
ASTM D 2517 Reinforced Epoxy Resin Gas Pressure 


Pipe and Fittings 


Copper. Copper tubing or pipe for use in gas mains is limited to pressures of 100 
psi (7 kg/cm’) or less, must have a minimum wall thickness of 0.065 in (1.65 mm), 
and must be hard-drawn. 

Where the gas being transported contains more than an average of 0.3 grains 
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of hydrogen sulfide per 100 standard cubic feet (2.83 standard cubic meters) of gas, 
copper may not be used. 


COMPRESSOR STATIONS 


Types and Function 


The compressor station is the equivalent of the pump station on a liquid transporta- 
tion pipeline system. Whenever a gas has insufficient energy for transport, a com- 
pressor station is installed. The types of compressor stations that are in general use 
can be categorized as follows: 


Field or Gathering Stations. These stations gather gas from wells in which pressure 
is not sufficient to produce a desired flow rate into transmission or distribution 
systems. Such stations may handle suction pressures from below atmospheric pres- 
sure up to 750 psig (53 kg/cm’), and volumes from a few thousand to many million 
standard cubic feet (30 to 30,000 m?) per day. 


Repressurizing or Recycling Stations. This type of station is an integral part 
of a processing or secondary recovery facility, which may or may not involve 
transportation of natural gas to a consumer. All or a percentage of the gas is 
reinjected into the reservoir for reservoir maintenance, or for storage for future 
use. Discharge pressures can exceed 6000 psig (420 kg/cm’). 


Storage Field Stations. These stations compress trunk line gas for injection into 
designated storage wells. Discharge pressures may range up to 4000 psig (280 kg/ 
cm?) with compression ratios as high as 1 to 4. Some storage stations are designed 
to also permit the withdrawal of gas from storage as well, and to inject the gas into 
high-pressure pipe lines. These field stations require precise design engineering due 
to the wide range of pressure-volume operating conditions encountered. 


Distribution Plant Stations. Distribution plant stations compress gas from a 
holder supply to medium- or high-pressure distribution lines at about 20 to 100 
psig (1.4 to 7 kg/cm?), or compress gas into bottle storage at pressures up to 2500 
psig (175 kg/cm’). 


Pipeline Booster Stations. Stations of this type are used in gas transmission line 
service. The volume through these stations is usually quite large with compression 
ratios below 2. The pressure range is generally between 200 and 1000 psig (14 and 
70 kg/cm’), sometimes as high as 1200 psig (84 kg/cm’). However, this upper limit 
is continuously being challenged and gas transmission systems with an ASME Class 
900 pressure rating (150 kg/cm?/2160 psi) are being considered. 


Compressor Station Layout 
A typical compressor station arrangement can be broken down into three princi- 


pal systems: 


* Main Gas System 
* Unit Gas System 
* Auxiliary Gas System 
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Main Gas System. The main gas system includes the main gas piping and equip- 
ment between the transmission pipeline and the compressor unit suction and dis- 
charge leads. Equipment encompasses: 


* Station Block Valves 

* Station Bypass Valve 

* Station Purge Valve 

* Gas Scrubbers 

* Orifice Fitting 

* Station Surge Valve 

* Station Relief Valves 

* Station Blowdown Valve 


Unit Gas System. The unit gas system includes the suction and discharge leads 
from the main gas header to the compressor and back to the main gas header. 
Equipment basically consists of: 


* Unit Block Valves 
* Unit Bypass Valve 
* Unit Purge Valve 
* Unit Vent Valve 


Auxiliary Gas System. The auxiliary gas system supplies the gas needed for com- 
pressor start-up and operation and for other facilities (such as power generation 
and valve actuation) within the compressor station which require gas. The subsys- 
tems include: 


* Fuel Gas System 
* Starting Gas System 
* Utility Gas System 


Gas enters the station through the station block valve, passes through the 
scrubber, orifice meter, and unit suction block valve to the compressors where it 
is compressed, and is then discharged through a unit discharge block valve to the 
station discharge piping and block valve back to the transmission line. 


Piping 


In the United States, compressor station piping design is governed by the minimum 
requirements of the Federal Safety Standard “DOT Title 49 Part 192 Transportation 
of Natural and Other Gas by Pipeline." 

For high-pressure transmission service, the law specifies certain types of pipe 
materials. According to ASME B31.8, compressor station piping must be Class 3 
construction. A design factor of 0.5 (Table C6.2) must be used in the steel pipe 
design formula. 

After possible pipe sizes are determined and preliminary station layouts are 
prepared, pressure-drop studies and thermal piping stress studies must follow. The 
thermal piping stress analysis determines that stresses in station piping in general 
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stays within allowable limits, and that, in particular, forces and moments on compres- 
sor flanges do not exceed allowable values set by the compressor manufacturer. 
Pipe stresses are caused by the temperature increase when gas is being compressed. 
The temperature rise across a compressor can range from 0.2 to 4°F (0.1 to 2°C) 
per 1.5 psi (0.1 kg/cm?) increase in pressure, depending on the specific gas and 
pressure involved. 

Noise is defined as airborne sound energy within a broad range of frequencies 
that has the potential to cause either physical or psychological discomfort, or injury 
to personnel. In order to keep noise levels in station piping within acceptable 
limits (on the order of 80 decibels), the following gas velocities should not be ex- 
ceeded: 


e Station Main Gas Piping 40 fps (12 m/s) 
* Unit Main Gas Piping 25 fps (7.5 m/s) 
* Fuel Gas Piping 25 fps (7.5 m/s) 


The selection of maximum allowable velocities requires an engineering study 
for each specific application. 

In designing compressor station piping, consideration must also be given to 
installing piping above ground, or below ground. It should be noted that above- 
ground piping is easier to monitor for gas leaks and to maintain; however, station 
yard access may be impeded. For buried piping, the reverse applies. 

An additional item often overlooked in station piping design is the installation 
and placement of drain connections to properly drain the water out of piping after 
hydrostatic testing. 


Components and Equipment 


Buildings. Types of compressor station buildings will vary depending on geo- 
graphic location and climate, whether the station is manned or unmanned, and 
whether it is located in a rural or a populated area. Structures can vary from a 
simple shelter to provide some protection from sun and rain, to site-constructed 
or prefabricated buildings, to totally enclosed prepackaged units ready for 
installation. 


Station Valves—Operators. Main station valves, normally ball, plug, or gate, are 
actuated by gas or electric motors for ease and speed of operation. Use of motor 
operators for valves is a function of the availability and cost of power. Gas actuators 
usually utilize the energy inherent in the pressurized gas of the main line. However, 
gas actuators will vent spent gas to the atmosphere, so the frequency of valve 
operation and the quantity of gas needed per operation must be evaluated. 


Scrubbers. Gas scrubbers are installed in upstream station piping to remove any 
liquids or solid particles which may damage the compressors. They tend to be of 
two types as follows: 

Horizontal Inline Type. Horizontal inline scrubbers take advantage of the 
effect of the helicoid tuyere. The gas, after entering the vessel, is subjected to an 
extended centrifugal motion which throws the heavier particles to the periphery of 
the vessel. Here the particles are forced into an annular space, at which point all 
solid particles are trapped and ejected through the drain. The inlet stream, freed 
from entrained particles, continues through to the outlet of the separator. 
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A secondary vortex breaker prevents reentrainment, thereby extending flow 
range. General scrubber characteristics are as follows: 


Efficiency: 99.5 percent of all solids or liquids 
Pressure drop: Low 

Cost: Medium 

Flow Range: Relatively wide 

Installation: Simple and straightforward 


Vertical Tube Type. In vertical tube type gas scrubbers, dust-laden gas enters 
the tube tangentially, creating a high centrifugal force that projects solids and liquid 
droplets to the walls of the tube. Clean gas reverses flow at the vortex and passes 
through a concentric outlet tube to an outlet plenum. Impurities continue downward 
to a storage area for disposal. 


Flowmeters. (see Gas Metering.) 


Purge, Relief, Surge, and Blowdown. (see Pressure Relief.) 


OTHER FACILITIES 


Pressure Relief 


The following discussion on pressure-relief valves was abstracted from an article 
by Gary B. Emerson in the February 1987 issue of Pipe Line Industry.' 

A safety relief valve is an essential and important piece of equipment on virtually 
any pressured system. Required by the ASME Boiler and Pressure Vessel Code, 
Sec. VIII, Pressure Vessels, among others, it must be carefully sized to pass the 
maximum flow produced by emergency conditions. 


Sizing. The sizing formulas for vapors and gases fall into two general categories: 


* Based on the flowing pressure with respect to the general categories 


* Based on the flowing pressure with respect to the discharge pressure 


When the ratio of P, (set pressure plus allowable accumulation) to P, (outlet 
pressure) is greater than two, the flow through the relief valve is sonic; the flow 
reaches the speed of sound for the particular flowing medium. Once the flow 
becomes sonic, the velocity remains constant; it cannot go supersonic. No decrease 
of P; will increase the flow rate. 


Sonic Flow. In accordance with API RP 520, Part 1, Sec. 4.3.2, the formulas used 
for calculating orifice areas for sonic flow are: 


A = B,W(TZ/MY?/CKP, (C6.14) 
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TABLE C6.8 Gas Constant Based on Ratio of Heats 


Gas 


Acetylene 

Air 

Ammonia 
Argon 
Benzene 
Butadiene 
Carbon dioxide 
Carbon monoxide 
Ethane 
Ethylene 
Freon 22 


Helium 


Hexane 
Hydrogen 
Hydrogen sulfide 
Methane 

Methyl mercapton 
N-Butane 
Natural gas (0.60) 
Nitrogen 

Oxygen 

Pentane 

Propane 
Propylene 

Sulfur dioxide 


A = B Q(T ZM)?” /(6.32C K P3) (C6.15) 
Units 
Imperial Metric 
where A= calculated orifice area in? cm? 
B, = dimensional constant 1 1.3387 
B, = dimensional constant 1 21.4881 
W = flow capacity lb/h kg/h 
Q= flow capacity scfm m?/min 
M= molecular weight of flowing dimensionless 
media 
T= inlet temperature, absolute °F + 460 | °C + 273 
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Z- compressibility factor dimensionless 
C= gas constant based on ratio dimensionless 
of specific heats (Table 
C6.8) 
K = valve coefficient of discharge dimensionless 
P, = inlet pressure (set pressure + psia kg/cm? 
accumulation + atmospheric 
pressure) 


Subsonic Flow. The second general category for vapor or gas sizing is generally 
when P, is greater than half of P, (back pressure greater than half of inlet 


pressure). 


Using k (ratio of specific heats) and P,/P, (absolute), confirm from Fig. C6.8 
that the subsonic (“low pressure") flow formula is required. If so, then determine 


F factor. If not, use sonic flow formula. 


1.04 pipere 
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a ©, 
1.02 - L 4 v4 
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| 
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FIGURE C6.8  Low-pressure and high-pressure flow formulas. 
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where 
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A = BQ(GT Z)? /[863K F((P, — P>) P59?] (C6.16) 
Units 
Imperial Metric 
= calculated orifice area in? cm? 
= dimensional constant 1 21.4881 
= flow capacity scfm m?/min 
= specific gravity dimensionless 
= inlet temperature, absolute °F + 460 °C + 273 
= compressibility factor dimensionless 
= factor obtained from Figure dimensionless 
C6.8 
K = valve coefficient of discharge dimensionless 
P= inlet pressure (set pressure + psia kg/cm? 
accumulation + atmospheric 
pressure) 
P, = outlet pressure (back psia kg/cm? 
pressure + atmospheric 
pressure) 


After determining the calculated orifice area, select the next-largest standard 


orifice size from the relief valve manufacturer’s catalog. 


Selection. 


of the two basic types more commonly used. 
Conventional spring-loaded relief valves embody the following advantages: 


* Competitively priced at lower pressures and in smaller sizes 


* Wide range of chemical compatibility 


The fundamental selection of a relief valve involves the consideration 


* Wide range of temperature compatibility, particularly at higher temperatures 


The disadvantages of conventional spring-loaded relief valves are: 


* Metal-to-metal seat not tight near set pressure and usually after valve relieves 


* Sensitive to conditions that can cause chatter and/or rapid cycling 


* Protection against effects of back pressure is expensive, pressure limited, and 
creates possible additional maintenance problems 


* Testing of set pressure not easily accomplished 
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Advantages of pilot-operated type 
relief valves are: 


o 
o 
; : s 
* Seat tight to set pressure (Fig. C6.9) = Pilot operated 
* Ease of setting and changing set and $ valve 
blowdown pressures E 
; : z Conventional 
* Can achieve short blowdown without 3 valve 
chatter E 
* Pop or modulating action available Set pressure, % 


* Easy maintenance 


* Easy verification of set pressure FIGURE C6.9 Setting seat pressure to set 
without removing relief valve from flow pressure. 
service 


* Flexible—options for remote operation, back pressure protection, valve posi- 
tion indication 


The disadvantages of pilot-operated relief valves are: 


* Maximum temperature limitations 
* Should not be used in extremely dirty or polymerizing type service 


Inlet Piping. The proper design of safety relief valve inlet piping is extremely 
important. Very often, safety relief valves are added to an installation at the most 
physically convenient location, with little regard to flow considerations. Pressure 
loss during flow in a pipe always occurs. Depending upon the size, geometry, and 
inside surface condition of the pipe, the pressure loss may be large (20, 30, or 40 
percent) or small (less than 5 percent). 

API RP 520, Part 2, recommends a maximum inlet pipe pressure loss to a safety 
relief valve of 3 percent. This pressure loss shall be the sum total of the inlet loss, 
line loss, and when a block valve is used, the loss through it. The loss should be 
calculated using the maximum rated flow through the pressure-relief valve. 

The 3 percent maximum inlet loss is a commendable recommendation but often 
very difficult to achieve. If it cannot be achieved, then the effects of excessive inlet 
pressure should be known. These effects are rapid or short cycling with direct 
spring-operated valves or resonant chatter with pilot-operated relief valves. In 
addition, on pilot-operated relief valves, rapid or short cycling may occur when the 
pilot pressure sensing line is connected to the main valve inlet. Each of these 
conditions results in a loss of capacity. 

Pilot-operated valves can tolerate higher inlet losses when the pilot senses the 
system pressure at a point not affected by inlet pipe pressure drop. However, even 
though the valve operates satisfactorily, reduced capacity will still occur because 
of inlet pipe pressure losses. The sizing procedure should consider the reduced 
flowing inlet pressure when required orifice area, A, is calculated. 

A conservative guideline to follow is to keep the equivalent L/D ratio (length/ 
diameter) of the inlet piping to the relief valve inlet to five or less. 


Discharge Piping. Discharge piping for direct spring-operated valves is more 
critical than for pilot-operated valves. As with inlet piping, pressure losses occur 
in discharge headers with large equivalent L/D ratios. Excessive back pressure will 
reduce the lift of a direct spring-operated valve, and enough back pressure (15 to 
25 percent of set + overpressure) will cause the valve to reclose. As soon as the 
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valve closes, the back pressure in the discharge header decreases and the valve 
opens again, with the result that rapid cycling can occur. 

Pilot-operated relief valves with the pilot vented to the atmosphere or with a 
pilot balanced for back pressure are not affected by back pressure. However, if the 
discharge pressure can ever exceed the inlet pressure, a back-flow preventer must 
be used. 

The valve-relieving capacity for either direct- or pilot-operated relief valves can 
be affected by back pressure if the flowing pressure with respect to the discharge 
pressure is below critical (subsonic flow). 

Balanced bellows valves (direct spring-operated) have limitations on maximum 
permissible back pressure due to the collapse pressure rating of the bellows element. 
This limitation will in some cases be less than the back pressure limit of a conven- 
tional valve. Manufacturer's literature should be consulted in every case. If the 
bellows valve is used for systems with superimposed back pressure, the additional 
built-up back pressure under relieving conditions must be added to arrive at maxi- 
mum back pressure. 

Satisfactory performance of pressure-relief valves, both as to operation and flow 
capacity, can be achieved through the following good discharge piping practices: 


* Discharge piping must be at least the same size as the valve outlet connection 
and may be increased when necessary to larger sizes. 


* Flow direction changes should be minimized, but when necessary use long-radius 
elbows and gradual transitions. 


* If the valve has a drain port on its outlet side, it should be vented to a safe 
area. Avoid low spots in discharge piping; preferably pitch piping away 
from valve outlet to avoid liquid trap 
at valve outlet. 


* Proper pipe supports to overcome ag USER force Flow x. 


thermal effects, static loads due to pipe 
weight, and stresses that may be im- 
posed due to reactive thrust forces 
must be considered. 


Reactive Force. On large-orifice, high- 
pressure valves, the reactive forces dur- K 
ing valve relief are substantial, and ex- 
ternal bracing may be required (see 
Fig. C6.10). 

API RP 520, Part 2 gives the following formula for calculating this force. 


FIGURE C6.10 Reactive forces during valve 
relief. 


F = [Qr /366][ (kT /(k + 1M]? (C6.17) 
Units 
Imperial Metric 
where F = reactive force at valve outlet | 1b kg 
centerline 
Q, = | flow capacity Ib/h kg/h 
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k= ratio of specific heats (C,/C,) dimensionless 

T = | inlet temperature, absolute °F + 460 °C + 273 

M = | molecular weight of flowing dimensionless 
media 


If bracing is not feasible, a dual-outlet valve (available in some pilot-operated 
safety relief valves) can be used. The reactive forces are equal but opposite, resulting 
in zero force on the valve outlet, but if redirected can still impose loads that must 
be reacted to in some manner. 


Testing. Using DOT Title 49, Part 192.739 as a guideline, each valve should be 
inspected at least once a year to determine that it: 


* Is in good mechanical condition 
* Will operate at the correct set pressure 
* Has adequate capacity and is operationally reliable 


* Is properly installed and protected from dirt, liquids, or other conditions that 
might prevent proper operation. 


The effectiveness of a safety relief valve installation depends greatly on proper 
sizing and selection of the valve type, suitable installation conditions, and proper 
and timely testing of the valve. 


Pressure Regulation 
Good regulation of high-pressure gas is important for two reasons: 


* To protect low-pressure equipment from becoming overpressured and becoming 
a hazard. 


e If located near an orifice meter station, a regulator station must operate smoothly 
or it will result in a chart record which is impossible to interpret accurately. 


Types of Regulator. The type of load to be controlled usually dictates the type 
of regulator to be selected: 


* Globe Bodied: The globe-bodied control valve has been the standard for the 
gas industry for many years and performs well in a wide range of applications. 
When properly sized and mated with a good controller, it is very well-suited for 
difficult applications such as pressure control on a plant where load changes 
rapidly. However, it becomes very large and difficult to maintain when sized to 
control large loads with low pressure drops. The globe-bodied regulator is also 
inherently noisy. 

With some relatively new designs, the disadvantages of the globe-bodied con- 
trol valve are being overcome. Patented trim designs control flowing velocities 
by forcing the gas through a large number of very small flow paths with multiple 
90? turns. The resulting reduced flowing velocities effectively minimize erosion, 
noise, and vibration, and result in enhanced process control. 
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* Expansible Tube: The expansible tube regulator is extremely simple in its con- 
struction and principle of operation. On many applications it does not require a 
controller but operates with a pilot regulator. 

The expansible tube is by nature quieter than many regulators and it has good 
low-flow characteristics and tight shutoff. It does have a minimum differential 
pressure requirement of 10 to 50 psi (0.70 to 3.52 kg/cm’), depending on size, 
which precludes its use in some applications. 


* Ball Valve: The ball valve is best suited to large loads where small pressure 
drops are required. This is often the case in flow control applications or where 
pipeline pressure varies from time to time. The ball valve can perform a double 
duty when used as a monitor regulator and as an isolating valve on one side of 
a primary regulator. 

Ball valves are inherently noisy and can give erratic control if not maintained 
properly. Due to their large capacity, it is often important to consider pressure 
losses through adjacent piping when sizing this type of regulator. 


Influence on Station Design. Whichever type regulator is selected, the way it is 
installed is important for successful operation. For most applications, it is best to 
have at least two parallel units. If the load varies widely, split range control is used, 
requiring two regulators, one to control low flows and a large-capacity unit to come 
in when required. For critical applications, it is desirable to have a standby regulator 
which would not normally be used but would open in an emergency. 

When necessary to make a very large pressure reduction, it is best handled in 
two stages, with each regulator making about half the cut. Two-stage regulation can 
enhance measurement if one stage is placed on each side of the measuring station. 

The upstream regulators should be used to control pressure in order to maintain 
a constant pressure at the measuring station. Downstream regulators can be used 
to control flow or to control customer pressure. As much volume as possible should 
be provided between the two regulator gauges; otherwise stable control may be 
difficult to achieve. 


Overpressure Protection. The most important part of designing a regulator station 
is being as sure as possible that the system downstream cannot be overpressured. 
The first step in protection is strict compliance with all safety regulations and, 
in particular, Part 192 of the Department of Transportation Safety Regulations 
(DOT 192). 

Basically DOT requires secondary protection if it is possible for the pressure 
upstream of a regulator to reach a level which will be dangerous to the downstream 
system. Secondary protection may be provided either by a monitor regulator in- 
stalled in series with the primary regulator or by a relief valve. 

There are systems, however, where a safety/relief valve may be the best selection. 
If a regulator feeding a small-capacity system fails suddenly, a monitor may be too 
slow to prevent the system from being overpressured. A relief valve should be 
provided on small downstream systems to take off valve leakage if the load is cut 
off completely. 


Gas Metering 


Efficient measurement and control of high-pressure natural gas is vital. A measure- 
ment error of only 1 percent can cost thousands of dollars a day at a single large- 
volume station. 
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Measurement. Measurement requirements in the gas industry can be broken into 
two broad categories: 


1. Custody Transfer: Most important and demanding is custody transfer at a sta- 
tion measuring gas flowing from one company to another. The orifice meter has 
dominated the field in measurement of large volumes of gas at high pressure. 
However, turbine meters and rotary meters are being used more and more where 
better accuracy is justified. 


2. Control. Control, or check measurement, is used for routing gas toward a 
customer, control of compressor stations, and so forth. Repeatability is the most 
important feature of such measurement, and the complexity and expense of 
custody transfer type metering are not usually justified. 


Gas industry meters operate on simple physical principals and have a long history 
of reliable and accurate performance. The commonly used meters fall into two 
categories: displacement types such as diaphragm, rotary-lobed impeller, and rotary 
vane shown in Fig. C6.11 and C6.12; and rate-of-flow (velocity) meters such as 
orifice meters and turbine meters shown in Fig. C6.13. 

Tables C6.9 and C6.10 list factors which affect selection of the five meter types 
used in the gas industry. The tables are intended as a guide and should not be used 
without further study when selecting the best meter for a particular application. 
Capacity ranges given in Table C6.9 are shown graphically in Fig. C6.14 The ranges 
are representative and are intended to give preliminary information for specific 
problems. Since the chart reflects information from many manufacturers, individual 
model lines may not have the exact capacity shown. 

A relatively recent addition to the long line of meters available to the gas industry 
is the ultrasonic gas flow meter. An array of ultrasonic transducers placed at angles 
across the bore of the meter tube measure the time it takes for sound to travel in 
a number of parallel planes. Sound transit times are measured with and against the 
flow through the meter. Given that travel time in the direction of flow is less than 
that against the flow, and the transducer locations are a known constant, the mean 
velocity of the gas can be calculated by averaging the measurements from each 
plane. The accuracy of the ultrasonic meter has evolved to the point now that it 
can determine gas flow rates to custody transfer standards. 

The major advantage of the ultrasonic gas flow meter is its nonintrusive design. 
There are no parts in the gas stream to obstruct flow. There are also no moving 
parts requiring lubrication and maintenance. 


Leak Detection 


Leak detection for both gas and liquid pipelines, and especially for those fluids 
such as ethane and propane that are sometimes liquid and sometimes gas, has been 
an industry problem for many years. Public attention to the subject is now wide- 
spread. 

The safety record of the pipeline industry is quite good. Measured in terms of 
accidents (defined by the U.S. Department of Transportation regulations in terms 
of dollars and fluid loss) per 1000 mi (1600 km) of pipeline, deaths per ton mile of 
cargo moved, or any other scale, the pipeline record is better than other means of 
transportation by at least an order of magnitude. 

The causes of leaks are many and varied, but over 70 percent are accounted 
for by accidental damage from external sources, corrosion, and defective pipe. 
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FIGURE C6.11 Diaphragm displacement meters operate by alternately filling chambers of known volume. 
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FIGURE C6.12 Rotary displacement meters, like diaphragm meters, measure gas flow by alternate 
filling and emptying of fixed volume chambers. A counter or dial registers the total gas amount. 


Historically, the number one source of leaks has been external corrosion, but 
modern pipe coatings and the almost universal application of cathodic protection 
system in the last 60 years has all but eliminated corrosion leaks on the newer 
pipelines. Modern mill practices and more conscientious hydrostatic testing have 
almost eliminated defective pipe as a cause of leaks on new lines. Of ever-increasing 
importance, however, is the problem of damage to pipelines by construction machin- 
ery. The problem is made worse by the fact that the very machine that does the 
damage comes equipped with a spark or hot exhaust to ignite the leaking fuel. It 
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FIGURE C6.13 Velocity flow meters pass a steady gas stream. Flow is detected as a differential 
pressure in the orifice meter and as rotor movement in the turbine meter. 


is recommended that such protective measures as extra-depth burial, concrete slabs 
and/or warning tapes buried above pipe, and extra line markers be considered at 
major road crossings and in city growth areas. 

One of the problems with leak detection is the frustration of knowing that when 
a leak has been detected a large part of the damage has already been done. It is 
well and good to say that early remedial action is needed. However, one must 
know what action to take—for example, to immediately slam a mainline valve shut 
would almost invariably be the wrong thing to do on a liquid line. Any action 
following a leak signal must be thought out very carefully. The other frustrating 
problem with leak detection is that it may be impossible to do at any reasonable cost. 

Rudimentary leak detection was carried out for years by reporting hourly meter 
readings. Minor differences in reading time, temperature, line pack, and so forth 
made the result somewhat erratic, but a continuous shortage in delivery on a small 
pipeline was sufficient cause to assume a leak. Large leaks or line breaks were 
detected (sometimes automatically) by the combinations of suction and discharge 
pressure with flow at pump stations; that is, falling discharge pressure combined 
with increased flow meant a leak downstream; falling suction combined with de- 
creased flow meant a leak upstream. The difference today is in the magnitude of 
the problem. The +2 percent deficiency detectable on an NPS 8 (DN 200) line 
transporting 25 million cubic feet per day 25 MMCFD; 708 Mm?/D) was a 0.5 
MMCED (14 Mm?/D) leak. Today, the +0.2 percent deficiency (may be) detectable 
by a sophisticated leak detection system on an NPS 42 (DN 1050) line transporting 
1000 MMCFD (28 MMm?/D) is a 2 MMCFD (57 Mm?/D) leak. 

Some new, patented devices which "listen" for the pressure wave which is 
generated by a suddenly occurring leak are state of the art leak detection. Today 
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TABLE C6.9 Summary of Gas Meter Selection Factors 


Factor 


Gas properties 


Meter characteristics 


Meter type 


Maximum 
pressure! 


Flowing 
fluid 
temperature 
limits 


psig 


kg/cm? 


"C 


Suitability for 
corrosive gas 


Influence 
of 
condensate 


Base maximum 
capacity range 


Mcfh 


m?/h 


Accuracy 
% of 
reading 
10 50 90 


Base 
range- 
ability 


Type of scale 


Common 
construction 
materials? 


Pressure loss 
at base 
maximum 
capacity 


psi 


kg/cm? 


Diaphragm 
displacement 


No 


Potential 


0.2 to 12 


Uniform 


AI/CI/Brass/ 
Plastic/Zinc 
alloy 


0.02 
to 
0.07 


0.001 
to 
0.005 


Rotary rotating 
vane 


Yes (with special 
bearings & 
materials) 


Uniform 


Anod. 
AL/300/SS 
/Steel/Bronze 


0.003 


Rotary lobed 
impeller 


Yes (with special 
bearings & 
materials) 


1.5 to 
102 


Uniform 


AL/CI/Steel 


0.005 


Gas turbine 


Yes (with special 
materials) 


4 to 
150 


5:1 to 25:1 


Uniform 


AL/DU/CS 


0.003 


5000 


Potential 


22 to 
1500 


! Refer to manufacturer's published literature for the maximum pressure rating of a specific meter size. 
? Common construction materials: AL = Aluminum, CI = Cast iron; CS = Cast steel; DU = Ductile iron; FS = Forged steel; 
SS = Stainless steel. 


3:1 to 44:1 


Square root 


FS/SS/CS 


8870 


TABLE C6.10 Summary of Gas Meter Selection Factors 


Factor 


Installation factors 


Economic factors 


Meter type 


Normal line 
size 


Straight pipe 
reqmts (no. 
of pipe 
diameter) 


Ambient 
temperature 
range 


Limitations 


Life expectancy 


Between 
repairs 
(years) 


Total (years) 


Maintenance 
cost* 


Installation 
cost* 


Diaphragm 
displacement 


Y% to 4 


Horizontal 


30 to 40 


Rotary rotating vane 


Not critical 


Rotary lobed impeller 


1.5 to 10 


Horizontal and leveled 


Gas turbine 


Horizontal 


Horizontal 


3 First cost ratio is based upon a NPS 2 (DN 50) orifice meter sized to measure approximately 5 Mcfh (141.6 m?/h) 


at atmospheric pressure. 


^ Maintenance and installation costs: H = High; M = Medium; L = Low. 
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pressure 
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FIGURE C6.14 Gas measurement meter capacities. 


a leak is defined as “the loss that can be measured with existing instrumentation” 
(probably about 0.1 percent of steady state flow). 

Real-time computer modeling techniques have been developed which have al- 
ready improved the sensitivity of old-fashioned “‘meter in-meter out" techniques 
even under transient flow conditions. Accuracy is achieved by the use of 
remote terminal units (RTUS), high-precision instrumentation, and an on-line com- 
puter. 


Scrapers and Scraper Handling 


Purpose of Scrapers and Spheres. At various times throughout the life of a pipeline 
a need is found to send a scraper (pig) or sphere through the line. This may be for 
any one or combination of the following: 


* Initial Cleaning: On completion of a section of pipeline, at least one scraper is 
run to push out air as well as trash, rocks, weld slag, and so forth preparatory to 
hydrostatic testing. 


* Sizing Run: Before a line is put in service, usually before hydrostatic testing, a 
scraper with a steel plate, or a “caliper” pig, is run in order to make sure the 
pipe was not damaged during construction and that all future pigs will pass un- 
restricted. 


Dewatering Scrapers/Spheres: During commissioning of the pipeline, a number 
of scrapers are used to displace the water left after hydrostatic testing. 
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FIGURE C6.15 Launching and receiving scraper traps for gas service. (T.D. Williamson.) 


* In-Service Cleaning: During normal pipeline operation pipelines accumulate 
water, corrosion products (rust, scale), condensate and compressor oil, sand, 
and dust which must be cleaned out on a regular basis to maintain efficiency 
of operation. 


* Deslugging: On some two-phase pipelines, spheres are run on a scheduled basis 
to push condensate into the slug catchers. 
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e Inspection: Special instrumented *'smart" pigs may be run from time to time to 
check corrosion, listen for leaks, or check damage after an accident. 


Some of these uses require special scrapers with knives (for cutting waxy deposits) 
or brushes (for cleaning rust/scale) or noise making devices, and so forth. 


Scraper Handling Devices. Because of the variety of uses for which scrapers 
are employed, a wide rang of scraper-handling equipment is required. The basic 
horizontal scraper trap has proved to be convenient for general services (see Fig. 
C6.15). There are two types of scraper traps, one for launching and one for receiving. 
The difference between the two is the point of entry of the bypass (kicker/equalizer) 
lines into the barrel, and sometimes the barrel length. 

The traps are equipped with a barrel that has an internal diameter 2 to 4 in (50 
to 100 mm) larger than that of the mainline, a hinged closure, a full-opening (through 
conduit) trap valve, side-entering barred tee, and a bypass line with 
a valve. The trap assembly launches or 
receives a scraper by pinching the station 
valve with the trap and the bypass valves 
both open. This controls the movement 
of the pig out of the launcher or into 
the receiver. 

Scraper traps are placed at the initial 
and terminal points of the pipeline and (a) 
at any other point where it is required 
to start or receive a scraper. It is not 
always necessary to put traps at a change 
in pipe size as multisized scrapers are 
available (within limits), nor is it neces- 
sary to put scraper traps at every com- (b) 
pressor station. Usually it is the length 
of the pipeline section and the expected 
wear on the scraper that will indicate 
where scraper traps are required. Figure 
C6.16 is a simple piping diagram of the 
essential piping and valves in a 


booster station. 


Pin Ball Machines. On some pipelines 
where spheres are used frequently for 
cleaning condensate or for separating 


(c) 


FIGURE C6.16  Piping arrangement for a sta- 
tion (a) with scraper traps, (b) without traps, 
where a scraper is passed by shutting down, and 
(c) with pipe and valving for bypass without shut- 
downs. 


product batches, a special adaptation of 
the basic scraper trap allows for loading 
of several spheres in the launcher and releasing them on signal or by timer. The 
receiver is long enough to receive as many spheres as can be launched. Both launcher 
and receiver are sloped so that gravity aids in the operation. 


Layout. Scrapers and spheres are heavy, especially in the larger sizes, and may 
require davits or cranes to maneuver them into and out of the trap. Traps should 
also be located with truck and machinery access in mind. Gravity drainage to a 
sump tank should be provided to collect liquid from the trap drain connection and 
from spillage at the trap door. 
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CORROSION PROTECTION 


Gas system pipelines are subject to both external and internal corrosion. In general, 
external corrosion is more serious in that it can drastically reduce the life of the 
pipeline and impair its safety. Internal corrosion, apart from exceptional cases of 
corrosive fluid components such as H,S and CO,, is usually a much more gradual 
process resulting in a lowering of pipeline efficiency. Regular line cleaning, as 
discussed in “Scrapers and Scraper Handling," can be utilized to take care of the 
pipe internally for most installations. However, with an unusually corrosive fluid, 
internal coatings or inhibition might also be needed. 

The corrosion rate of steel is higher in low-resistance soils or seawater that it 
is in high-resistance soils such as dry sands. Corrosion rates are also higher in 
turbulent waters than when the water is stagnant. 

The two principal parts of corrosion protection are pipe coating (or insulation) 
to increase the pipe to soil resistance and cathodic protection (impressed current 
or galvanic anodes) to make the pipe always cathodic. 


Coatings 


For many years pipelines were coated with processed natural substances such as 
asphalt or coal-tar enamels, usually reinforced with fiberglass mesh, and over- 
wrapped with felt sheeting. Synthetic organic plastic materials have been developed 
relatively recently for external coatings and these are now in common use. 


Coal Tar and Asphalt Enamels. These coatings are applied hot over a cold primer 
and usually reinforced with a fiberglass inner wrap and protected with a felt outer 
wrap. They were often applied “over the ditch" by special “coat and wrap" ma- 
chines. Well-founded environmental concerns over the toxicity of the fumes from 
the hot coal tar and asphalt enamels have curbed their use. However, these coatings 
are still being plant-applied under strict controls. 


Asphalt Mastics. This coating is commonly applied in a shop. It forms a thick % 
to 96 in (12.7 to 15.9 mm) layer around the pipe, and has mineral fillers which 
provide built-in reinforcement. Generally, it does not require an outer wrap. 

Mastics have been extensively used for submarine lines, for swamp crossings, 
and for some land lines. They are not in common use today. 


Extruded Plastic Coatings. These coatings are usually applied in a shop, after 
sandblast cleaning of the pipe and priming with a thin layer of mastic. They afford 
good protection because the mastic exudes through nicks or scratches and heals 
breaks in the coating. Other systems include a bonded polyethylene jacket with a 
nonbonded PVC (polyvinylchloride) outer rock-guard. Extruded coatings are often 
used where long-term dependability is required for city service or for swamp service. 
They are also used on submarine lines. 


Tape Coatings. These coatings usually have an adhesive backing, and may be 
applied in a shop or yard, or over the ditch. Polyethylene and polyvinylchloride 
tapes are readily available. Polyethylene may be favored for its chemical, thermal, 
and physical stability. 
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Fusion-Bonded Epoxies. These are very thin coatings applied in a shop. The pipe 
is degreased, sandblasted, and heated to the fusion temperature. Epoxy powder is 
applied electrostatically and fuses to a uniform coat on the heated surface. Pinholes 
and other defects may be repaired with hot stock or with a liquid epoxy resin and 
catalyst compound. Refer to Chap. B10. 

The coating is tough and easy to repair. However, it must not be too thick or 
it may crack during bending, and is subject to cathodic disbonding. 


Field Joint Coatings. When each length of pipe has been coated individually, the 
field joint must still be protected after it is welded. Generally, the field joint coating 
material should be similar to the main pipe coating, and suitable for application in 
relatively uncontrolled field conditions. 

Asphalt and coal tar enamels are usually applied by hand, along with the appro- 
priate inner and outer wraps. Plastic tapes are also applied by hand. 

For extruded plastic coatings, plastic shrink sleeves with mastic backing may be 
used. They are slipped over the pipe before the joint is welded, and are moved to 
cover the joint afterwards. Shrink sleeve wraps, which can be applied over the 
completed weld at any time, are also available. Application of heat then causes the 
plastic to shrink tightly down on the joint and on the coating to either side. 

Mastic is usually made up by surrounding the joint with a thin metal shield and 
pouring hot mastic into the shielded space. This usually bonds well with the mastic 
to either side and makes a satisfactory tight joint. 

Fusion-bonded epoxy coatings may be made up by heating the joint with a 
preheat coil and applying the resin powder. The pipe surfaces must be sandblasted 
before the powder is applied. 

Liquid epoxy resin and catalyst compound, applied by hand, may also be used 
for field joint protection. 


Internal Coatings. Where corrosive components are encountered in the gas being 
transported, the pipe can be protected internally by adding inhibitors to the fluid 
or by coating the pipe internal wall. An economic comparison can assist in making 
a choice. Continued use of inhibitors tends to be costly and introduces complications 
both in injection equipment and in the resultant effect on delivered gas analysis. 

Coal tar and asphaltic components for internal coating are not difficult to apply, 
but if deterioration occurs during the life of the pipeline it can seriously affect the 
pipeline efficiency. 

Epoxy coatings give good protection, long life, and a low friction factor. The 
main problem is to get a satisfactory bond between the shop-applied internal coating 
and the machine- or hand-applied coating on the joints after welding. This involves 
special application procedures which must be conscientiously followed in the field. 


Cathodic Protection 


Cathodic protection is a method of inhibiting corrosion that has been used for over 
a century. It is applicable to all types of pipe metals, although it is used mainly for 
steel pipe. The technique is to connect the pipeline to an anode bed and to make 
the pipe behave as a cathode by impressing a direct current voltage so that the 
anode bed corrodes and not the pipe. Where this is not practicable (as on long 
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FIGURE C6.17 Magnesium anode protects coated steel pipe; current flows from 
anode through earth to pipe. (Pipeline & Gas Journal, February 1984.) 


water crossings), passive protection may be attained by attaching sacrificial anodes 


directly to the pipe (see Fig. C6.17). 


Cathodic protection is particularly important for coated pipe, to overcome the 
effect of pinholes or accidental breaks in the coating, which would otherwise permit 
local corrosion cells to form. Being localized, these cells are highly active and can 


rapidly penetrate the pipe wall. 

Insulating flanges are necessary to en- 
sure the integrity of the section of pipe- 
line to be protected. Test leads installed 
at intervals along the length of the line 
during construction are used to monitor 
the voltage levels during the life of the 
pipeline. Regular measurements and 
maintenance, as required, ensure the 
continued effectiveness of the cathodic 
protection system. 


Impressed Current Systems. Im- 
pressed current systems are generally in- 
stalled where alternating current is avail- 
able for the rectifier units (see Fig. 
C16.18). Since the units can be obtained 
in a wide range of output voltage and 
current combinations, they are used (1) 
where soil or water electrical resistivities 
are high and (2) where total current re- 
quirements are large. 


Rectifier Unit 


Protected : 
Main Energized 
Anode 
FIGURE C6.18 Additional current for ca- 
thodic protection requires use of a rectifier. 
(Pipeline & Gas Journal, February 1984.) 
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Direct current for cathodic protection is provided by a transformer-rectifier 
combination. Where alternating current is not available for standard rectifier units, 
alternative direct current sources that can be used are thermoelectric generators, 
diesel generators, and solar power systems. 

Typical anode materials for impressed current systems are graphite, high-silicon 
iron, lead-silver alloys, and platinum on a titanium or columbium substrate. On 
Occasion scrap steel is used, but usually only because of its availability. As an anode 
material, steel is consumed at a rate of about 20 Ib (9.1 kg) per ampere year. 
Consumption for graphite and silicon iron is approximately 1 Ib (0.45 kg) per ampere 
year, for lead-silver about 0.1 Ib (0.045 kg) per ampere year, and for platinum about 
6 to 20 milligrams per ampere year. 


Galvanic Protection. Galvanic protection is a passive system which depends on 
the principle that coupling two dissimilar metals in the same electrolytic environment 
causes accelerated corrosion of the more active metal and protection of the less 
active metal. The more active metal is preferentially consumed and is, therefore, 
called a sacrificial anode. 

Galvanic protection is often used in preference to an impressed current installa- 
tion as a temporary measure during construction or when the current requirements 
are low and the electrolyte has relatively low resistivity (less than 10,000 ohm- 
centimeters). Clearly, it has an advantage when there is no source of electrical 
power, or when a completely underground system is desired. Capital investment 
will generally be lower and is often the most economical method for short-life pro- 
tection. 


Insulating Joints 


Insulating joints are required for electrical isolation of the cathodically protected 
section of the pipe from those sections not protected. In their simplest form, the 
joints may be flange connections with special arrangements of insulating gaskets, 
washers, and sleeves to prevent electrical contact between the bolts and the flanges. 
Preferably, they may be special unitized couplings in which the insulating features 
are factory-assembled, and the entire assembly can be welded into the pipeline (see 
Figs. C6.19 and C6.20). 
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FIGURE C6.19 Insulating flange connection for laying in the ground. 
(Eisenbau Albert Ziefle KG.) 
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FIGURE C6.20 Monobloc insulating coupling ready for erection by welding 
in. (Eisenbau Albert Ziefle KG.) 


Insulating flange connections are made above ground whenever possible. This 
simplifies installation, makes periodic inspection easier, and minimizes the possibil- 
ity of a short circuit across the joint. 

For underground installation an external application of bitumen or compound 
molding, covering the whole insulated flange connection, protects it against corro- 
sion and dirt and is absolutely necessary for maintaining the insulating properties 
of the joint. 


INSPECTION AND TESTING 


Inspection 


ASME B31.8 requires that for piping systems that will operate at 20 percent or 
more of the specified minimum yield strength of the pipe, the quality of welding 
must be checked by nondestructive inspection. Such inspection may consist of 
radiographic examination, magnetic particle testing, or other acceptable methods. 
The trepanning method of nondestructive testing is specifically prohibited. 

ASME B31.8 further specifies that the minimum number of field butt welds to 
be selected on a random basis from each day’s construction for examination must 
be as noted below. Each weld so selected must be examined over its entire circumfer- 
ence, or as an alternative, the equivalent length of weld must be examined if only 
a section of the circumference of each weld is examined. 


1. 10 percent of welds in Class 1 locations. 
2. 15 percent of welds in Class 2 locations. 
3. 40 percent of welds in Class 3 locations. 
4. 75 percent of welds in Class 4 locations. 
5 


. 100 percent of welds in offshore pipelines, in compressor stations, and at major 
or navigable river crossings, major highway crossings, and railroad crossings, if 
practical, but in no case less than 90 percent. All tie-in welds not subjected to 
a pressure proof test must be examined. 


All welds which are inspected must meet the standards of acceptability of the 
American Petroleum Institute Standard API 1104. If a weld does not, it must be 
repaired and reinspected. 
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TABLE C6.11 Test Requirements for Pipelines and Mains to Operate at Hoop Stresses 
of 3096 or More of the Specified Minimum Yield Strength of the Pipe 


3 4 5 


Pressure test prescribed Maximum allowable 
Location Permissible operating pressure, the 
class test fluid Minimum Maximum lesser of 


1 Water 125 X m.o.p. None t.p., 1.25 
Division 1 
1 Water 1.1 X m.o.p. None t.p., 1.1 
Division 2 Air 1.1 X m.o.p. 1.1 X d.p. or d.p. 
Gas 1.1 X m.o.p. 1.1 X d.p. 
2 Water 1.25 X m.o.p. None t.p., 1.25 
Air 1.25 X m.o.p. 1.25 X d.p. or d.p. 
3&4 Water 1.40 X m.o.p. None or d.p. t.p., 1.40 
[Note (1)] or d.p. 


m.o.p. = maximum operating pressure (not necessarily the maximum allowable operating pressure); 
d.p. = design pressure; t.p. = test pressure. 

General note: This table brings out the relationship between test pressures and maximum allowable 
operating pressures subsequent to the test. If an operating company decides that the maximum operating 
pressure will be less than the design pressure, a corresponding reduction in prescribed test pressure may 
be made as indicated in the Pressure Test Prescribed, Minimum, column. However, if this reduced test 
pressure is used, the maximum operating pressure cannot later be raised to the design pressure without 
retesting the line to the test pressure prescribed in the Pressure Test Prescribed, Maximum, column. See 
paras. 805.214, 845.213, and 845.214 of ASME B31.8. 

Note: (1) For exceptions, see para. 841.322(d) of ASME B31.8. 


If the pipe is intended to operate at 40 percent or less of the specified minimum 
yield strength, and pipe size is less than NPS 6 (DN 150), or the number of welds 
to be inspected is small enough to make nondestructive testing impractical, welding 
may be inspected visually and approved by a qualified welding inspector. 


Testing 


ASME B31.8 requires that all pipelines and mains which will be operated at a hoop 
stress of 30 percent or more of the specified minimum yield strength of the pipe 
must be given a test for at least 2 hours to prove strength after construction 
and before being placed in operation. The test requirements are summarized in 
Table C6.11. 

Pipelines and mains operating at less than 30 percent of the specified minimum 
yield strength of the pipe, but greater than 100 psi (7 kg/cm?), must be tested 
as follows: 


* [n Class 1 locations, a leak test must be made at a pressure in the range from 
100 psi (7 kg/cm?) to that pressure required to produce a hoop stress of 20 percent 
of the specified minimum yield strength, in all cases where the line is to be stressed 
to 20 percent or more of the specified minimum yield strength of the pipe and 
gas or air is the test medium. 
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* [n Class 2, 3, and 4 locations, at the least in accordance with the requirements 
listed in Table C6.11, except that gas or air may be used as the test medium 
within the maximum limits sent in Table C6.12. 


TABLE C6.12 Maximum Hoop Stress 
Permissible During Test, % of Specified 
Minimum Yield Strength 


Class location 


Test medium 


Air 
Gas 


For pipelines and mains that will operate at less than 100 psi (7 kg/cm’), gas 
may be used as the test medium at the maximum pressure available in the distribu- 
tion system at the time of the test. 


OPERATION AND MAINTENANCE 


The ASME B31.8 Code has established comprehensive guidelines for the operation 
and maintenance of gas transmission systems. Pertinent sections are paraphrased 
here. 


Pipeline Maintenance 


Continuing Surveillance of Pipelines. To maintain the integrity of a pipeline 
system, procedures for the continuing surveillance of its facilities must be established 
and implemented. Where unusual operating and maintenance conditions occur, 
such as failures, leakage history, drop in flow efficiency due to internal corrosion, 
or substantial changes in cathodic protection requirements, appropriate action must 
be taken. 

When a facility is in unsatisfactory condition, a planned program must be initiated 
to abandon, replace, or recondition and proof test the facility. If the facility cannot 
be reconditioned or phased out, the maximum allowable operating pressure must 
be reduced in accordance with code requirements. 


Pipeline Patrolling. A periodic pipeline program must be implemented to observe 
surface conditions on and adjacent to the pipeline right-of-way, indications of leaks, 
construction activity other than that performed by the company, and any other 
factors affecting the safety and operation of the pipeline. Patrols must be performed: 


* At least once each year in Class 1 and 2 locations 
* At least once each 6 months in Class 3 locations 
* At least once each 3 months in Class 4 locations 
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Weather, terrain, size of line, operating pressure, and other conditions will be 
factors in determining the need for more frequent patrol. Main highways and 
railroad crossings must be inspected with greater frequency and more closely than 
pipelines in open country. 


Maintenance of Cover at Road Crossings and Drainage Ditches. If the cover 
over the pipeline at road crossings and drainage ditches has been reduced below 
the requirements of the original design and is found to be unacceptable, additional 
protection such as barriers, culverts, concrete pads, casing, lowering of the line, or 
other suitable means must be provided. 


Maintenance of Cover in Cross-Country Terrain. Where the cover over the pipe- 
line in cross-country terrain does not meet the original design, and it is determined 
to be at an unacceptable level, additional protection must be provided by replacing 
cover, lowering the line, or other suitable means. 


Leakage Surveys. Periodic leakage surveys on the line must be a part of any 
company's operating and maintenance plan. The type of surveys selected must be 
effective for determining if potentially hazardous leakage exists. The extent and 
frequency of such surveys must be determined by the operating pressure, piping age, 
class location, and whether the transmission line transports gas without an odorant. 


Pipeline Markers. Signs or markers must be installed where necessary to indicate 
the presence of a pipeline at road, highway, railroad, and stream crossings. Addi- 
tional signs and markers must be installed along the remainder of the pipeline at 
locations where there is a probability of damage or interference. 

The signs or markers must include the words “Gas (or name of gas transported) 
Pipeline," the name of the operating company, and the telephone number (including 
area code) where the operating company can be contacted. 


Distribution Piping Maintenance 


Patrolling. Distribution mains must be patrolled in areas where construction 
activity, physical deterioration of exposed piping and supports, or any natural causes 
could result in damage to the pipe. The frequency of the patrolling must be a 
function of the severity of the conditions which could cause failure or leakage and 
the subsequent hazards to public safety. 


Leakage Surveys. The type or types of surveys selected for the operating and 
maintenance plan of a company's gas distribution system must be effective for 
determining if potentially hazardous leakage exists. Some procedures which may 
be employed are: 


* Surface gas detection surveys 

e Subsurface gas detector survey (including bar hole surveys) 
* Vegetation surveys 

* Pressure-drop test 

* Bubble leakage test 

* Ultrasonic leakage test 
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Miscellaneous Facilities Maintenance 


Compressor Station Maintenance. The starting, operating, and shutdown proce- 
dures for all gas compressor units must be established by the operating company 
and appropriate steps taken to see that the approved practices are followed. 

Inspection and Testing of Relief Valves. All pressure-relieving devices in com- 
pressor stations must be inspected or tested or both, and all devices except rupture 
disks must be operated periodically to determine that they open at the correct set 
pressure. Any defective or inadequate equipment found must be promptly repaired 
or replaced. All remote-control shutdown devices must be inspected and tested at 
least annually to determine that they function properly. 

Isolation of Equipment for Maintenance or Alterations. Procedures must be 
established and followed for the isolation of units or sections of piping for mainte- 
nance, and for purging prior to returning units to service. 

Storage of Combustible Materials. All flammable or combustible materials in 
quantities beyond those required for everyday use or other than those normally 
used in compressor buildings must be stored in a separate structure built of noncom- 
bustible material located a suitable distance from the compressor building. All 
above-ground oil or gasoline storage tanks must be protected in accordance with 
NFPA 30. 


Maintenance of Pressure-Limiting and Pressure-Regulating Stations. All pres- 
sure-limiting stations, relief devices, and other pressure-regulating stations and 
equipment must be subject to systematic, periodic inspections and suitable tests, 
or reviewed to determine that they are: 


1. In good mechanical condition. Visual inspections must be made to determine 
that equipment is properly installed and protected from dirt, liquids, or other 
conditions that might prevent proper operation. The following must be included 
in the inspection where appropriate: 

a. Station piping supports, pits, and vaults for general condition and indications 
of ground settlement. 

b. Station doors and gates and pit vault covers to ensure that they are functioning 
properly and that access is adequate and free from obstructions 

c. Ventilating equipment installed in station buildings or vaults for proper opera- 
tion and for evidence of accumulation of water, ice, snow, or other obstructions 

d. Control, sensing, and supply lines for conditions which could result in a failure 

e. All locking devices for proper operation 

f. Station schematics for correctness 

2. Adequate from the standpoint of capacity and reliability of operation for the 
service in which they are employed and set to function at the correct pressure. 
a. If acceptable operation is not obtained during the operational check, the 

cause of the malfunction must be determined and the appropriate components 
must be adjusted, repaired, or replaced as required. After repair, the compo- 
nents must again be checked for proper operation. 

b. Atleast once each calendar year, relief valves must be reviewed for sufficient 
capacity. If it is determined that the relieving equipment is of insufficient 
capacity, new or additional equipment must be installed to provide ade- 
quate capacity. 


Whenever abnormal conditions are imposed on pressure or flow control devices, 
the incident must be investigated, and the device inspected and/or repaired. Abnor- 
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mal conditions may include regulator bodies which are subjected to erosive service 
conditions or contaminants from upstream construction and hydrostatic testing. 


1. An inspection or test, or both, of stop valves must be made to ensure that the 
valves will operate and are correctly positioned. The following must be included: 

a. Station inlet, outlet, and bypass valves 

b. Relief device isolating valves 

c. Control, sensing, and supply line valves 

2. The final inspection procedure must include the following: 

a. A check for proper position of all valves with special attention given to 
regulator station bypass valves, relief device isolating valves, and valves in 
control, sensing, and supply lines 

b. Restoration of all locking and security devices to proper position 


Valve Maintenance 


Pipeline Valves. Pipeline valves required to operate during an emergency must 
be inspected periodically and partially operated at least once a year to provide safe 
and proper operating conditions. 


1. Routine valve maintenance procedures must at the least include the following: 
a. Servicing in accordance with written procedures by adequately trained per- 
sonnel 
b. Accurate system maps for use during routine or emergency conditions 
c. Valve security to prevent service interruptions, tampering, etc., as required 
d. Employee training programs to familiarize personnel with the correct valve 
maintenance procedures 
2. Emergency valve maintenance procedures include: 
a. Written contingency plans to be followed during any type emergency 
b. Training personnel to anticipate all potential hazards 
c. Furnishing tools and equipment as required, including auxiliary breathing 
equipment, to meet anticipated emergency valve servicing and/or mainte- 
nance requirements 


Distribution System Valves. Valves used for the safe operation of a gas distri- 
bution system must be checked and serviced, including lubrication where necessary, 
at sufficient frequent intervals to assure their satisfactory operation. Inspection 
must include checking of alignment to permit use of a key or wrench and clearing 
from the valve box or vault any debris which would interfere with or delay the 
operation of the valve. System maps showing valve location should be available. 

Service Line Valves. Outside shutoff valves installed in service lines supplying 
places of public assembly, such as theaters, churches, schools, and hospitals, must 
be inspected and lubricated where required at sufficiently frequent intervals to 
assure their satisfactory operation. The inspection must determine if the valve is 
accessible, if the alignment is satisfactory, and if the valve box or vault, if used, 
contains debris which would interfere with or delay the operation of the valve. 
Unsatisfactory conditions encountered must be corrected. 

Valve Records. A record must be maintained for locating all pipeline valves 
and distribution system valves which are needed for safe system operation or may 
need to be operated under emergency conditions. These records may be maintained 
on operating maps, separate files, or summary sheets, and must be readily accessible 
to personnel required to respond to emergencies. 
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Prevention of Accidental Operation. To prevent accidental operation of any 
of the valves covered above, certain precautions must be taken. Some recommended 
actions are as follows: 


* Lock valves in above-ground settings readily accessible to the general public, that 
are not enclosed by a building or fence. 


* Lock valves located in vaults, if accessible to the general public. 


* Identify the valve by tagging, color coding, or any other suitable means of identifi- 
cation. 


DECOMMISSIONING/ABANDONMENT 


Guidelines for decommissioning or abandoning gas transmission facilities are given 
in the ASME B31.8 Code. Pertinent sections are paraphrased here for reference. 


Abandoning of Transmission Facilities 


Any plan for abandoning transmission facilities must include the following pro- 
visions. 


* Facilities to be abandoned must be disconnected from all sources and supplies 
of gas such as other pipelines, mains, crossover piping, meter stations, control 
lines, and other appurtenances. 


* Facilities to be abandoned in place must be purged of gas with an inert material 
and the ends sealed, except that: 


* if precautions are taken to ensure that no liquid hydrocarbons remain in the 
facilities to be abandoned, the facilities may be purged with air. If the facilities 
are purged with air, precautions must be taken to ensure that a combustible 
mixture is not present after purging. 


Abandoning of Distribution Facilities 


To abandon inactive facilities, such as service lines, mains, control lines, equipment, 
and appurtenances for which there is no further planned use, the following provisions 
must be addressed: 


* If the facilities are abandoned in place, they must be physically disconnected 
from the piping system. The open ends of all abandoned facilities must be capped, 
plugged, or otherwise effectively sealed. The need for purging the abandoned 
facility to prevent the development of a potential combustion hazard must be 
considered and appropriate measures taken. Abandonment is not complete unless 
the volume of gas or liquid hydrocarbons contained within the abandoned section 
has been determined to pose no potential hazard. Air or inert gas may be used 
for purging, or the facility may be filled with water or other inert material. If air 
is used for purging, the facility must be checked to ensure that a combustible 
mixture is not present after purging. Consideration must also be given to any 
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effects the abandonment may have on an active cathodic protection system and 
appropriate action taken. 


In cases where a main is abandoned, together with the service lines connected 
to it, insofar as service lines are concerned, only the customer's end of such service 
lines need be sealed as stipulated above. 


Service lines abandoned from the active mains should be disconnected as close 
to the main as practicable. 


All valves left in the abandoned segment should be closed. If the segment is long 
and there are few line valves, consideration should be given to plugging the 
segment at intervals. 


All above-grade valves, risers, and vault and valve box covers must be removed. 
Vault and valve box voids must be filled with suitable compacted backfill material. 


Temporarily Disconnected Facilities 


Whenever service to a customer is discontinued, one of the following actions must 
be taken: 


* The valve that is closed to prevent the flow of gas to the customer must be 
provided with a locking device or other means designed to prevent the opening 
of the valve by unauthorized persons. 


* A mechanical service or fitting that will prevent the flow of gas must be installed 
in the service line or in the meter assembly. 


* The customer's piping must be physically disconnected from the gas supply and 
the open pipe ends sealed. 


REFERENCES 


1. Gary B. Emerson, “Relief Valve Sizing, Selection, Installation and Testing," Pipeline 
Industry, February 1987, pp. 25-32. 


2. Richard C. Berger, “How Construction Forces Can Control Corrosion," Pipeline & Gas 
Journal, February 1984, pp. 29-32. 


3. Richard A. Sutton, *How Columbia Gas Selects Distribution Meters" (Part 1), Pipeline 
Industry, December 1978, pp. 33-38. 


4. Richard A. Sutton, *How Columbia Gas Selects Distribution Meters" (Part 2), Pipeline 
Industry, January 1979, pp. 51-53. 


5. D.M. Coulter and M.F. Bardon, “Revised Equation Improves Flowing Gas Temperature 
Prediction," The Oil and Gas Journal, February 26, 1979, pp. 107-108. 


6. Charles E. Schorre, “Flow Temperature in a Gas Pipeline," The Oil and Gas Journal, 
September 27, 1954, pp. 26-28. 


7. Gas Processors Suppliers Association, Engineering Data Book, Eleventh Edition, 1998. 


8. The American Society of Mechanical Engineers, ASME Code for Pressure Piping, B31, 
An American National Standard, “Gas Transmission and Distribution Piping Systems," 
ASME B31.8, 1995 Edition, through 1997 Addenda. 


9. C.F. Colebrook, J. Inst. Civil Engrs., London, 11:1333 (1938). 


CHAPTER C7 
PROCESS PIPING SYSTEMS 


Rod T. Mueller, P.E. 
Engineering Associate 
Exxon Research & Engineering Co. 
Florham Park, New Jersey 


INTRODUCTION 


General Description 


Piping is indispensable to petroleum refineries, chemical plants, and other process 
units. Piping for most process units represents the major item of unit investment. 
Typical total erected piping cost ranges from 25 to 50 percent of the total cost of 
a unit. Consequently, the piping engineer often faces the necessity of making careful 
and realistic compromises between design features and cost without sacrificing 
minimum safety standards. 

This chapter provides a basic guide to the design of process piping, with specific 
emphasis on petroleum refineries, chemical, and other related processing plants. It 
attempts to provide an overview of the fundamental design principles used by the 
ASME Pressure Piping Code, Section B31.3, Process Piping. This Code prescribes 
requirements for materials and components, design, fabrication, assembly, erection, 
examination, inspection, and testing of piping. References will be made to other 
chapters within this handbook where more detailed coverage of design analyses 
and acceptance criteria are provided that relate to the ASME B31.3 Code.' This 
chapter will also provide guidelines for the design and layout of specific systems 
typically found in petroleum refineries and related petrochemical processing 
plants. 

Prior to the 1976 edition of ANSI B31.3, this Code was titled “Petroleum Refinery 
Piping," with direct application to the petroleum refinery industry; by inference it 
also served as the guiding document for the chemical process industry. The Code 
then expanded its scope to include areas where it previously had been used as 
reference, and B31.3 was retitled “Chemical Plant and Petroleum Refinery Piping.” 
With its current 1996 edition, the title of B31.3 was revised to “Process Piping” to 
reflect its further expanded scope of including piping typically found in petroleum 
refineries; in chemical, pharmaceutical, textile, paper, semiconductor, and cryogenic 
plants; and in related processing plants and terminals. Figure C7.1 provides a sche- 
matic diagram illustrating the scope of ASME B31.3 (from the 1996 edition) for 
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FIGURE C7.1 Scope of ASME B31.3 applicability for process piping (1996 edition). (Reprinted 
from ASME B31.3 by permission of the American Society of Mechanical Engineers. All rights re- 


served.) 
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process piping of a typical refinery or chemical plant. Included in this scope are 
piping systems which convey: 


1. 
. Raw, intermediate, and finished chemicals 


Nn RR UC r2 


Petroleum products 


. Gas, steam, air, and water 
. Fluidized solids 

. Refrigerants 

. Cryogenic fluids 


Some fluid services are further categorized by the Code according to the following 


category services, which need to consider the combination of fluid properties, op- 
erating conditions, and other factors which establish the design basis of the piping 
systems involved: 


Category D Fluid Service—a service in which the fluid handled is nonflammable, 
nontoxic, and not damaging to human tissue, and the design pressure does not 
exceed 150 psi (1035 kPa) and the design temperature is between —20 and 366°F 
(—29 and 186°C). Part 3 (starting with Section 305) of the Piping Code covers 
specific design and fabrication requirements permitted for piping of Category D 
fluid services to reflect the less than severe conditions involved for these systems. 


Category M Fluid Service—a service in which the potential for personnel expo- 
sure is judged to be significant and in which a single exposure to a very small 
quantity of a toxic fluid, caused by leakage, can produce serious irreversible 
harm to persons on breathing or bodily contact, even when prompt restorative 
measures are taken. Chapter VIII (starting with Section M300) of the Piping Code 
pertains to piping designated by the user as being in Category M fluid service. 


High-Pressure Fluid Service—a service in which the user specifies the application 
of Chapter IX of B31.3 for piping design and construction for fluid services with 
high design pressures. High pressure is considered by the Code to be pressure 
in excess of that allowed by the ASME B16.5 Class 2500 rating for the specified 
design temperature and material group.” However, there are no specified pressure 
limitations for the application of these rules. 


Normal Fluid Service—a fluid service pertaining to most piping covered by 
B31.3, i.e., not subject to the rules for Category D, Category M, or High Pressure 
Fluid service, and not subject to severe cyclic conditions. 


The flow chart given by Fig. C7.2 has been taken from Appendix M of the Piping 


Code B31.3 to help the user determine the applicability of Category D and Category 
M Fluid services as distinguished from Normal services (and high-pressure services 
covered by Chapter IX of the Code). 


Types of Systems 


As applied to this section, process piping refers, except as excluded below, to 
all piping within the property limits of a chemical or petroleum processing plant 
installation. In addition to the main process units, this will typically include feed 
and product loading terminals, fuel oil and gas processing facilities, utility systems, 
waste and water treatment units, and bulk and atmospheric storage tank farms. 
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Col. 1 Col. 2 Col. 3 Col.4 Col. 5 
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Review the criteria in leakage, to a very small quantity 
Col. 3. Do the condi- of the fluid, produce serious ir- 
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Fluid Service apply? 


Category M Fluid Service? 
See para. K300.1.4. (See fiuid service, para. 300.2.) 


High Pressure Fluid Service 
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paras. 300(e) & K300(a). 


Yes | Is the fluid 
toxic? 


Is the fluid flammable? 
See definition in para. 
300.2 


Can exposure to the fluid, 
caused by leakage, be dam- 
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defined in para. 300.2? 


No 


Is the design gage pressure 1035 kPa 
(150 psi) or less, with design temperature 
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per Chapter IX rules 
for High Pressure Considering experience, service 
Fluid Service. conditions, and location involved, 
will design per Base Code or 
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between -29°C and 166°C (-20*F and 366°F), 
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ision for this Fluid Ser- small quantities of the fluid in E ; E ; 
provision for this Flui r: the environment. Base Code (Chaps. I-VI) applies Base Code (Chaps. I- VI) applies 


vice; see para. K300.1.4. to metallic piping; Chapter VII to metallic piping; Chapter VII 
applies to nonmetallic and applies to nonmetallic and 


No nonmetallic-lined piping. nonmetallic-lined piping. 


Design and construct No Category D Fluid Service 
per Code rules for designated by the owner? 


Can occurrence of severe 
cyclic conditions? be pre- 
vented by design? See 


Category M Fluid Service, sub- 
ject to the owner's designation. 
See para. 300(d)(f). 


para. M300(e). Normal Fluid Service. 
Yes 
Yes 
n If occurrence of severe cyclic conditions? cannot be prevented Piping elernents limited 
Design and construct per by design, then: to Category D Fluid Ser- 


Chapter VII! rules for Cat- 
egory M Fluid Service. 


(a) for metallic piping, special requirements must be met; vice may be used. See 
(b) for nonmetal and nonmetal-lined piping, the Code makes no para. 300(d)(5). 
provision for such service. See para. A300(e). 


NOTES: 

(1) See paras. 300(b)(1), 300(d)(4) and (5), and 300(e) for decisions the owner must make. Other decisions are the designer's responsibility; see para. 300(b)(2). 
(2) The term "fluid service" is defined in para. 300.2 

(3) Severe cyclic conditions are defined in para. 300.2. Requirements are found in Chapter II, Parts 3 and 4, and in paras. 323.4.2 and 341.4.3. 


FIGURE C7.2 Determination of ASME B31.3 category M and D fluid services. (Reprinted from ASME B31.3 by permission of the American Society 
of Mechanical Engineers. All rights reserved.) 
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This is reflected in the scope of ASME B31.3 provided by Fig. C7.1. It should be 
noted that this figure was last published in the 1996 edition of the code and subse- 
quently revised in a recent addenda. The earlier diagram as shown, however, pro- 
vides a better illustration of the applicable process piping systems covered by the 
B31.3 Code for a typical refinery or chemical plant. Excluded from code jurisdiction 
are various low-pressure piping systems, plumbing, fired heater piping, and other 
special applications. 


Petroleum Refinery Piping. The wide range of piping typically found in a refinery 
complex can vary from small-diameter instrument takeoffs to very large-diameter 
product processing piping, constructed from a number of steel and alloy materials. 
Operating over a broad range of pressures, principally below 1000 psi (6900 kPa) 
and at elevated temperatures of up to 1300°F (705°C), most refinery piping is used 
for conveying hydrocarbons or is in close proximity of hydrocarbon-containing 
equipment.’ Consequently, the potential for a fire is ever present. The piping layouts 
depicted in Fig. C7.3 provide a good example of the complex interconnections 
involved in a typical refinery. 


| 


FIGURE C7.3 Typical process plant piping. 


Chemical Plant Piping. As compared to refinery systems, typical chemical plant 
piping applications are usually smaller in size, mostly below NPS 8 (DN 200). 
Operating pressures for some services can be higher, but temperatures are generally 
lower and the presence of corrosive fluids is typical. The use of exotic alloy materials, 
thermoplastics, and thermoset resin materials in piping construction is common 
because of the highly corrosive nature of some chemicals. Many chemical plant 
piping systems convey flammable and/or toxic substances. 
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Other Related Processing Plants. Modern process facilities handle a myriad of 
chemical substances and compounds at various process temperatures and pressures. 
The piping systems specified to transport these fluids must be compatible with the 
intended service conditions. Since most of these facilities are one of a kind, the 
process piping materials selected for construction will be specific application driven. 
Today, numerous construction materials are available, both metallic and nonmetallic 
in nature. Installed cost variations may be as much as tenfold or even more, de- 
pending on the materials suitable for the application. Life cycle cost considerations 
must also be taken into account during the material selection phase to reflect 
subsequent repair and replacement requirements. 

Whereas process piping material selection is specific application driven and will 
vary dramatically on a case by case basis, utility piping systems are basically the 
same across various process plants. Basic materials of construction and mode of 
construction will differ little from one plant to another for services such as air, 
water, and steam. 

Table C7.1 is a hypothetical illustration of services and various piping material 
classes for a typical process facility. Note the material variations on the process 
side of the plant, compared to the relatively constant material types in the utility 
area of the facility. 

Most metallic process piping is welded construction, except where flanged disas- 


TABLE C7.1 Hypothetical Process Plant X, Y, Z Piping Service Index 


Temperature range 


Service "E: °C Piping material 


Hydrocarbon processes 
Crude feed/Sour hydrocarbons —20 to 200 —29 to 95 Carbon steel 
Fractionation/Light hydrocarbons —20 to 650 —29 to 343 Carbon steel 

Catalytic cracking product —20 to 900 —29 to 482 Type 316 SS or low alloy 5 Cr 
Catalytic cracking regeneration —20 to 1280 —29 to 693 Refractory lined CS or 

type 316 SS 

Flare header —50 to 750 —45 to 400 Killed carbon steel 

(low temp grade) 

Fuel gas —20 to 500 —29 to 260 Carbon steel 

Hydrofiner feed product —20 to 800 —29 to 427 Low alloy (1% Cr) or 

type 316 L SS 

Propane —50 to 250 —45 to 120 Killed carbon steel 

(low temp grade) 

Methane feed —20 to 925 —29 to 496 Low alloy (1% Cr) 

Catalytic reformer/Hydrogen —20 to 1100 —29 to 595 Low-alloy (1% or 2% Cr) 
Ethane —300 to 500 —184 to 260 Type 304L SS 


Hot oil heating —20 to 750 —29 to 399 Type 304 SS 
Hydrocracker/Hydrocarbon —20 to 850 —29 to 454 Low alloy (1% Cr to 2% Cr) 


Other Systems 
Acetic acid —50 to 160 —45 to 70 Type 304 stainless steel 
Caustic (1596 by weight) —20 to 150 —29 to 65 Monel 
Chloride/Chlorine (Dry) —20 to 125 —29 to 50 Carbon stee 
Hydrochloric acid —50 to 150 —45 to 65 Hastelloy 
Liquid sulfur —20 to 500 —29 to 260 Carbon steel jacketed or 
traced pipe 
Hydrocarbons/Wet chlorine —20 to 500 —29 to 260 Inconel or plastic-lined steel 
Utilities 
Instrument air —20 to 150 —29 to 65 Carbon steel galvanized/ 
SS tubing 
Nitrogen/Utility air —20 to 300 —29 to 149 Carbon stee| 
Potable water —20 to 120 —29 to 50 Carbon steel—galvanized 
Firewater —20 to 500 —29 to 260 Carbon steel 
Low-pressure steam/ —20 to 500 —29 to 260 Carbon stee 
condensate 
Boiler feed water —20 to 500 —29 to 260 Carbon steel 
High-pressure steam —20 to 750 —29 to 399 Carbon stee 


PROCESS PIPING SYSTEMS C.311 


sembly is required, typically at equipment and valve connections. Due to the high 
value added cost of the process fluid and its potential for damage to personnel or the 
environment upon release, integrally welded joints for all size ranges are common. 

Energy costs have made integrally welded joints for steam and other utility 
services more attractive when evaluated against conventional threaded joints and 
their potential for leakage. Threaded joint construction is still used for low-severity 
service, but it is typically limited to NPS 2 (DN 50) and smaller sizes, and to services 
that offer little or no threat to personnel safety or environmental harm. 


REFERENCE CODES AND STANDARDS 


Code application, jurisdiction, and specific scopes are covered in detail in Chap. 
AA, “Piping Codes and Standards," in this handbook. This chapter closely parallels 
the requirements as outlined in ASME B31.3, "Process Piping,” 1996 Edition. 
Codes and standards referenced in this chapter are provided by Table C7.2. Refer 
to App. E10 for international codes and standards. 


DESIGN CONDITIONS 


The definitions in this section have been extracted from Process Piping Code, 
ASME B21.3. 


Design Pressure 


The design pressure of each component in a piping system shall not be less than 
the pressure at the most severe condition of coincident internal or external pressure 
and temperature (minimum or maximum) expected during service. The most severe 
condition of coincident pressure and temperature is that which results in the greatest 
required pipe thickness and the highest flange rating. When more than one set of 
pressure-temperature conditions exist for a piping system, the conditions governing 
the rating of components conforming to applicable standards may differ from the 
conditions governing the rating of components in accordance with ASME Code 
B31.3 pressure design criteria. 


Design Temperature 


The design temperature is the temperature at which, under coincident pressure, 
the greatest wall thickness or highest component ratings is required as explained 
above and shall be determined as follows: 


1. For fluid temperatures below 150? F (65°C), the metal temperature shall be taken 
as the fluid temperature unless solar radiation or other effects result in a 
higher temperature. 


2. For fluid temperatures 150? F (65°C) and above, the metal temperature for uninsu- 
lated components shall be no less than the following values, unless a lower 
average wall temperature is determined by test or heat transfer calculations: 
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TABLE C7.2 Referenced Codes and Standards 


ASME Pressure Piping Code 
B31.1 Power Piping 
B31.3 Process Piping 


ASME Boiler and Pressure Vessel Code 

Section II Materials, Part D 

Section VIII Boiler & Pressure Vessel Code— Pressure Vessels, Division 1 
Section IX Welding and Brazing Qualifications 


ASME Standards 

B1.20.1 Pipe Threads, General Purpose (Inch) 

B16.1 Cast Iron Pipe Flanges and Flanged Fittings 

B16.3 Malleable-Iron Threaded Fittings, Class 150 and 300 

B16.5 Pipe Flanges and Flanged Fittings 

B16.9 Factory-Made Wrought Steel Butt-welding Fittings 

B16.10 Face-to-Face and End-to-End Dimension of Ferrous Valves 
B16.11 Forged Fittings, Socket- Welding and Threaded 

B16.20 Metallic Gaskets for Pipe Flanges-Ring-Joint, Spiral- Wound, and Jacketed 
B16.21 Nonmetallic Flat Gaskets for Pipe Flanges 

B16.24 Bronze Pipe Flanges and Flanged Fittings, Class 150 and 300 
B16.25 Butt Welding Ends 

B16.28 Wrought Steel Buttwelding Short Radius Elbows and Returns 
B16.34 Valves—Flanged, Threaded, and Welding End 

B16.36 Steel Orifice Flanges, Class 300, 600, 900, 1500 and 2500 
B16.39 Malleable Iron Threaded Pipe Unions, Class 150, 250 and 300 
B16.42 Ductile Iron Threaded Pipe Unions 

B16.47 Large Diameter Steel Flanges, NPS 26 Through NPS 60 
B16.48 Steel Line Blanks 

B36.10M Welded and Seamless Wrought Steel Pipe 

B36.19 Stainless Steel Pipe 


ANSI/AWWA Standards 

C110 Ductile Iron and Gray Iron Fittings, 3 in. Through 48 in. for Water and 
Other Liquids 

C111 Rubber Gasket Joints for Cast-Iron and Ductile-Iron Pressure Pipe and 
Fittings 

C115 Flanged Cast-Iron and Ductile-Iron Pipe with Threaded Flanges 

C151 Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined Molds, 
for Water or Other Liquids 

C504 Rubber Seated Butterfly Valves 


API Standards 

594 Wafer and Wafer-Lug Check Valves 

599 Steel and Ductile Iron Plug Valves 

600 Steel Gate Valves—Flanged and Butt-welding Ends, Bolted and Pressure 
Seal Bonnets 

602 Compact Steel Gate Valves—Flanged, Threaded, Welding, and Extended- 
Body Ends 

603 Class 150, Cast, Corrosion-Resistant, Flanged-End Gate Valves 

608 Metal Ball Valves, Flanged, Threaded, and Welding End 

609 Butterfly Valves, Lug-Type and Wafer-Type Valves 

610 Centrifugal Pumps for Petroleum, Heavy Duty Chemical, and Gas Industry 
Service 

General-Purpose Steam Turbines for Refinery Service 
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TABLE C7.2 Referenced Codes and Standards (Continued) 


API Standards (Continued) 


617 
618 


650 
660 
661 
674 
RP 686 


API Specification 
5L 


Centrifugal Compressors for Petroleum, Chemical, and Gas Industry 
Services 

Reciprocating Compressors for Petroleum, Chemical, and Gas Industry 
Services 

Atmospheric Storage Tanks 

Shell and Tube Heat Exchangers for General Refinery Service 

Air-cooled Heal Exchangers for General Refinery Service 

Positive Displacement Pumps 

Recommended Practice for Machinery Installation and Installation 
Design 


Specification for Line Pipe 


ASTM Standards and Specifications” 


A53 
A106 
A193/A193M 


A312/A312M 
A320/A320M 
A333/A333M 
A335/A335M 
A358/A358M 


A426 


A451 
A494/A494M 
A671 


A672 


A691 


B165 
B167 
B241/B241M 


B407 
B423 


B705 
F436/F436M 
MSS Standards 


SP44 
SP-45 


Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless 

Seamless Carbon Steel Pipe for High-Temperature Service 

Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature 
Service 

Seamless and Welded Austenitic Stainless Steel Pipe 

Alloy Steel Bolting Materials for Low-Temperature Service 

Seamless and Welded Steel Pipe for Low-Temperature Service 

Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service 

Electric-Fusion Welded Austenitic Chromium-Nickel Alloy Pipe for 
High-Temperature Service 

Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature 
Service 

Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service 

Castings, Nickel and Nickel-Alloy 

Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower 
Temperatures 

Electric-Fusion-Welded Steel Pipe for High-Pressure Services at 
Moderate Temperatures 

Carbon and Alloy Steel Pipe, Electric-Fusion Welded for High- 
Pressure Service at High Temperatures 

Nickel-Copper Alloy (UNS N04400) Seamless Pipe and Tube 

Nickel-Chromium-Iron Alloy (UNS N06600) Seamless Pipe and Tube 

Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded 
Tube 

Nickel-Iron-Chromium Alloy Seamless Pipe and Tube 

Nickel-Iron-Chromium-Molybdenum-Cooper Alloy (UNS N08825 and 
N08221) Seamless Pipe and Tube 

Nickel-Alloy (UNS N06225 and N08825) Welded Pipe 

Hardened Steel Washers 


Steel Pipe Flanges 
Bypass and Drain Connections 


Pipe Fabrication Institute (PFI) Specification 


ES-5 
ES-7 
ES-24 


Cleaning of Fabricated Piping 
Minimum Length and Spacing of Welded Nozzles 
Pipe Bending Methods, Tolerances, Process and Material Requirements 


Note: (1) Refer to Appendix A and Table 326.1 of ASME B31.3 for a more complete listing of ASTM 
Standard and Specifications. 
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* Threaded and welding end valves, pipe, welding fittings, and other components 
having wall thickness comparable to that of pipe: 95 percent of the fluid temper- 
ature 

* Flanged valves, flanged fittings, and flanges (except lap joints): 90 percent of 
the fluid temperature 

* Lap joint flanges: 85 percent of the fluid temperature 

* Bolting: 80 percent of the fluid temperature 


3. Externally insulated piping: The fluid temperature shall be used unless calcula- 
tions, previous tests, or service experience based on measurements support the 
use of other temperatures. Where piping is heated by heat tracing or jacketing, 
the effect of such heating or cooling shall be incorporated in the establishment 
of the design temperature. 


4. Internally insulated piping: The design metal temperature shall be based on heat 
transfer calculations or tests. 


Design Minimum Temperature 


The design minimum temperature is the lowest component temperature expected 
in service. This temperature may establish special design requirements and material 
qualification requirements, as required for low-temperature toughness testing of 
metals per Para. 323.2.2 of ASME B31.3. 


Cooling Effects on Pressure 


The cooling of a gas or vapor in a piping component may reduce the pressure 
sufficiently to create an internal vacuum. In such a case, the piping component 
must be capable of withstanding the external pressure at the lower temperature, 
or provisions must be made to break the vacuum. 


Ambient Effects 


Consideration needs to be given to low ambient temperature conditions for displace- 
ment stress analysis, and for possibly setting the design minimum temperature just 
discussed. Where the design minimum temperature of a piping system is below 
32°F (0°C), the possibility of moisture condensation and buildup of ice shall be 
considered and provisions made in the design to avoid resultant malfunctions. This 
applies to surfaces of moving parts of shutoff valves, control valves, pressure-relief 
devices including discharge piping, and other components. 


DESIGN LOADING CONSIDERATIONS 


This section will discuss some of the more common loading conditions which need 
to be considered in the design of a piping system. 
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Imposed Pressure Including Transient Effects 


In determining the system design pressure, it is important to consider the maximum 
differential operating pressure that can exist between the interior and exterior 
portions of the system. This needs to reflect the full range of anticipated operating 
conditions imposed of the system, including normal operation, startup, and shut- 
down conditions. All pressure sources need to be considered in determining the 
governing design pressure, including the following effects additive to the maximum 
operating pressure: 


* Hydrostatic head effects due to differences in elevation between high and low 
points in the system 


* Friction losses and back-pressure effects 
* Pump shutoff heads 
* Variations in system controls and other operating pressure surges 


It is realistic to expect that short-duration transient system pressure excursions 
will occur during normal system operation. Provisions of ASME B31.3 allow for 
some acceptable level of overpressure transients for metallic and not brittle materials 
provided that the amount of time that the transient condition occurs does not 
exceed a specified percentage of the total system operating time per the following: 


1. When the increased operating condition will not exceed 10 hours at any one 
time, or 100 hours per year, it is permissible to increase the pressure rating or 
the allowable stress for pressure design at the temperature existing during the 
increased operating condition by a maximum of 33 percent. 


2. When the increased operating condition will not exceed 50 hours at any one 
time, or 500 hours per year, it is permissible to increase the pressure rating or 
the allowable stress for pressure design at the temperature existing during the 
increased operating condition by a maximum of 20 percent. 


Some of the conditions which should be investigated for the short time period 
are the centrifugal pump shutoff pressure, or the pressure at the maximum point of 
the pump characteristic curve, centrifugal compressor surge-point pressure, stalling 
pressure of reciprocating pumps and reciprocating compressors, and the set pressure 
of relief valves which limit pressure in the piping. 


Fluid Expansion Effects 


The Code states that provision shall be made in the piping design either to withstand 
or to relieve increased pressure caused by the heating of static fluid in a piping 
component. Most operators, however, have found it unnecessary to provide a relief 
valve on piping components which may be blocked in. The reason for this is that 
leaks through valve seating surfaces relieve the pressure before it becomes excessive 
as the result of the heating of the blocked-in fluid. Valves utilizing resilient seating 
materials have made this more of a problem, however, because of their ability to 
seal even more tightly as the pressure increases. Consequently, when such valves 
are used, greater consideration should be given to the problem of possible pressure 
buildup in the valve body cavity. A similar problem can be created in a blocked- 
in section of process piping by the increase in pressure which can result from the 
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evolution of gas caused either by an increase in fluid temperature or by a chemical 
reaction (e.g., hydrogen release as a product of corrosion). 


Weight Effects 


In the design of piping and its supports, it is required that live loads, dead loads, 
and loads and forces from other causes be taken into account. Live load, as used 
here, is taken as the weight of fluid transported plus snow and ice loads in localities 
where such conditions exist. Dead load is the weight of the piping components and 
insulation and other superimposed permanent loads. Reference is made to Chap. 
B2 of this handbook for more details in considering weight effects. 


Other Mechanical Loads 


The pipe wall must be sufficiently thick to prevent overstress, damage, collapse, or 
buckling due to superimposed loads from supports, ice formation, backfill, and 
other causes. In those cases where it is impractical to increase the thickness or if 
a thickness increase would cause excessive local stresses, the factors that would 
contribute to the damage of the piping are required to be corrected by other design 
methods. Examples of these considerations would be pipelines that run under 
railroad tracks or roadways, where steel pipe sleeves may be required to preclude 
excessive local bearing stresses being imposed on the pipe wall. 


Dynamic Effects 


The Code requires that the piping designer take into account wind and earthquake 
forces, although not concurrently, in design of his piping. It also requires that the 
designer consider impact forces (including hydraulic shock) and vibration. Vibration 
and impact forces create complex design problems. This is especially true in the 
case of vibration because difficult-to-detect low-amplitude high-frequency vibra- 
tions often produce the most dangerous stresses. Refer to Chap. B4 of this handbook 
for stress analysis of piping systems. 

Most piping systems will vibrate to some extent. Vibration in piping may be 
generated by the following exciting forces: 


1. Mechanical vibration of connected equipment, such as compressors, pumps, 
and vessels. 


2. Wind-produced vortices that form alternately on opposite sides of cylindrical sur- 
faces. 


3. Internal pulsations in flowing fluids, such as those set up by reciprocating pumps 
and compressors. Vibration from this latter cause can generally be kept within 
controllable limits by limiting pressure pulsations to 1 to 3 percent of line pressure. 


4. Hydraulic transient effects, such as those caused by water hammer impact effects 
and relief valve discharge. Of all the loading conditions that a piping system 
may experience in service, hydraulic transients are among the most damaging. 
Typical damage could be the failure of pipe supports, restraints, and/or support- 
ing structures. Breaches of pressure integrity can also be experienced, especially 
where large-diameter thin-walled piping is involved. 


PROCESS PIPING SYSTEMS C.317 


Where vibration is expected, good design should include the following: 


Adequate foundations, especially for reciprocating pumps and compressors. 


Strategic location of pipe guides and supports to reduce vibration. They should 
be installed so as to cause minimum restraint to normal thermal movements. The 
use of sway braces of the energy-absorbing or instant-counterforce-acting type 
is recommended for control of undesirable pipeline movement. Rigid braces are 
also effective in controlling movement, provided their restraining effect is taken 
into account in the piping flexibility design. Where pulsating flow exists, piping 
should be supported at all changes in direction, and cantilever sections should 
be avoided. 


* Avoidance of small branch connections. Additional supports, such as gusset plates, 
to stiffen piping may help reduce certain vibration problems. 


* An acoustical study to determine whether dampening equipment is needed. Fail- 
ure can be caused by resonance of some part of the system with the pulsation 
frequency. Pressure pulsations can be minimized by the use of hydra-pneumatic 
accumulators, snubbers, or surge drums. These pulsation-reducing devices should 
be installed as close as possible to the pulsation-producing equipment. 


Any sudden change in the flow velocity or pressure in a liquid line will produce 
hydraulic shock (water hammer). Typical water hammer problems can be attrib- 
uted to the rapid closure of a valve that results in hydraulic shock waves in the 
piping system upstream of the valve. 


Water hammer requires careful consideration because it can damage equipment 
associated with piping and instrumentation even though the permissible pressures 
for piping components may not be exceeded. In addition to the utilization of slow- 
closing valves, the installation of surge tanks, pneumatic chambers, spring-operated 
relief valves, or shock absorbers are sometimes used to help control this phenome- 
non. Refer to Chap. B8 of this handbook for more details in dealing with this type 
of dynamic loading. 

Another particular type of flow-induced pulsation warranting specific attention 
is associated with gaseous-flow pressure regulators and flow control valves? These 
may produce high acoustic energies associated with both turbulence and flow separa- 
tion. When operating with a severe pressure drop, such valves have high flow 
velocities that generate significant turbulence. This acoustic energy can couple 
with the acoustic and natural frequencies of the system to create severe vibration 
problems. Experience in the gas, petrochemical, power generation, and aerospace 
industries has shown that high-capacity pressure-reducing systems are prone to 
severe vibrations, which have caused piping fatigue failures in as short a period as 
12 hours after initial commissioning of the system. Piping systems of particular 
concern include high capacity {>200,000 lb/hr (91,000 kg/hr) flow rate} and/or high 
pressure drop (73.0 upstream to downstream pressure ratio) systems. Reference 
No. 5 provides more details on this type of vibration and considerations for mitiga- 
tion, which is limited to low-noise-producing valve designs to avoid excessive acous- 
tic energy generation. 


Thermal Expansion and Contraction Effects 


The following thermal effects, combined with loads and forces from other causes, 
need to be taken into account in the design of piping: 
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Thermal loads due to restraints. These loads consist of thrusts and moments that 
arise when free thermal expansion and contraction of the piping are prevented by 
restraints or anchors, including connections to fixed equipment. 


Loads due to temperature gradients. These loads arise from stresses in pipe walls 
resulting from large rapid temperature changes or from unequal temperature 
distribution as may result from a high heat flux through a comparatively thick 
pipe or stratified two-phase flow causing bowing of the line. 


Loads due to differences in expansion characteristics. These loads result from 
differences in thermal expansion where materials with different thermal expan- 
sion coefficients are combined, as in bimetallic, lined, or jacketed piping, or with 
metallic-nonmetallic composite piping systems. 


Corrosion and Erosion Allowances 


A commonly used nominal value for corrosion allowance is 46 in (1.5 mm) for 
carbon steel and low-alloy steel piping in hydrocarbon service. Larger corrosion 
allowances [typically up to % in (6 mm)] for these materials may be required to 
allow for severe corrosion and/or erosion anticipated for the fluid service involved. 
Higher-alloy materials, including austenitic steels, are typically required for very 
corrosive service environment. The allowance for corrosion or erosion should be 
considered for all surfaces exposed to the process fluid. Determinations for recom- 
mended corrosion/erosion allowances are typically based on corrosion monitoring 
techniques and representative process experience. In addition, the possibility of 
external corrosion should be considered for piping systems located in aggressive 
environments such as at marine terminals off coastal waters. 


Threading and Grooving Allowances 


Calculations for the thickness of piping components which are to be threaded or 
grooved are required to include a dimensional allowance equal to the depth of the 
cut plus the required tolerance. For threaded components, the nominal thread depth 
(dimension h of ASME B1.20.1, or equivalent) should apply.5 For machined surfaces 
or grooves where the tolerance is not specified, the tolerance is taken as 0.02 in 
(0.5 mm) plus the depth of cut. Threading and grooving allowances, weld joint 
factors, and other mechanical strength factors shall be as required by the applica- 
ble Code. 


Allowable Stresses 


Allowable stress values (S) are provided by Table A-1, and Table A-2 for bolting, 
of the Process Piping Code ASME B31.3, which are used in principal design calcula- 
tions within this Code. The stress values in these tables are basic allowable stresses 
in tension which are grouped by material specifications and product forms, and are 
for stated temperatures up to specified maximum limits. Design equations within 
the code often stipulate the product of S and E, where: 


S — Material allowable stress 
E — Quality factor 
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The factor E (formerly defined by the code as joint efficiency factor) represents 
one of the following quality factors: 


* Casting quality factor E, is provided by Table A-1A of the Code based on the 
listed material specification and the type of casting inspection examinations. The 
code also describes various supplementary inspections which permit the allowable 
stresses and casting quality factors to be increased. The casting quality factors, 
however, do not apply to valves, flanges, and fittings that conform to the standards 
listed in Table 326.1 of the code. 


Weld joint quality factors E; is tabulated in Table A-1B of the Code for straight 
or spiral welded joints for pressure-containing components. This is further defined 
by Table 302.3.4 of the Code. As in the case of casting quality factors, the Code 
allows for increased joint quality factors for certain kinds of welds if additional 
examination is performed beyond that required by the product specification. 


If a component is made of castings joined by longitudinal welds, both a casting 
and a weld joint quality factor applies to reduce the material allowable stress in 
accordance with the Code. 

The bases for establishing the basic allowable stress values for ferrous, nonfer- 
rous, and nonmetallic materials are described in the Code. The Code user will need 
to refer to this only in those cases where he or she desires to establish allowable 
stresses for an unlisted material. 

The allowable stress values in shear and bearing are 0.80 and 1.60, respectively, 
times the values contained in the Code. 

For other than normal operations, the allowable adjustments in pressure-temper- 
ature ratings as just set forth are applicable to allowable stress values in calculations 
concerning components, such as pipe, which do not have established pressure- 
temperature ratings. 

The designer should remember that a more severe operating condition may be 
caused by increased contents load than by increased temperature or pressure. For 
example, a pipeline may have been designed for gaseous service. Subsequent process 
changes required the pipeline to see liquid service at nominally the same pressure 
and temperature as the previous gas service. The basic pipe spans would need to 
be reevaluated due to the increase in the dead-weight bending loads caused by the 
added weight of the liquid contents. 


Limits on Calculated Stresses Due to Sustained Loads 
and Thermal Expansion 


This subject is covered in detail in Chap. B4 of this handbook. Design considerations 
in the application of these criteria to process system piping will be covered in 
subsequent sections of this chapter. 


Pressure-Temperature Ratings for Piping Components 


Pressure-temperature ratings have been established for certain piping components. 
Those that have been accepted by ASME B31.3 are maintained in the standards 
listed in Table 326.1 of this Code. These established ratings should not be exceeded 
by the expected normal operating conditions. However, during shutdown, startup, 
or an interruption in the normal operation of a process unit, conditions more severe 


C.320 PIPING SYSTEMS 


than normal may be characteristic of a service. Depending on the frequency and 
duration of these more severe conditions, the Code permits adjustment of the 
pressure ratings as previously discussed on transient pressure effects. Extrapolation 
of accepted pressure-temperature ratings is permitted when these ratings do not 
extend to the upper material temperature limits allowed by the code, provided this 
is done in accordance with the applicable rules of the standard involved. 


PRESSURE DESIGN OF PIPING COMPONENTS 


Straight Pipe 


The equations given in the Code consider pressure, mechanical, corrosion, and 
erosion allowances. In addition to these factors, the Code requires that all designs 
(not only those for straight pipe) be checked for adequacy of mechanical strength 
under the applicable loadings discussed previously. The Code gives equations for 
determining the thickness of straight pipe for the outside diameter/thickness ratios 
D,/t greater than 6. The pressure design of piping having a diameter/thickness ratio 
of 6 or less requires special considerations which encompass design and material 
factors, such as theory of failure, fatigue, and thermal stress. These considerations 
are addressed in Chap. IX of the Code for High Pressure Piping. Refer to Chap. 
B2 of this handbook for the calculation of the required minimum wall thickness of 
the pipe. 

Piping lengths subjected to external pressures will also need to be sufficiently 
stiff to resist buckling. The Piping Code refers to the procedures of the ASME 
Boiler and Pressure Vessel (BPV) Code, Section VIII, Div. 1, for piping subjected 
to external pressure, which should be specifically reviewed in case of relatively 
large-diameter and thin-walled piping systems.’ This may require the addition of 
external stiffening rings or thicker pipe walls to resist buckling. Refer to Chap. B2 
of this handbook for calculating pipe wall thickness when piping is subjected to 
external pressure. 


Bends and Elbows 


The minimum required wall thickness at a pipe bend after bending should be 
determined as for straight pipe, provided the bending operation does not produce 
a difference between the maximum and minimum diameters greater than 8 percent 
for internal pressure service and 3 percent for external pressure. The centerline 
radius of pipe bends should typically be a minimum of 3 times the nominal pipe 
diameter. Smaller radius bends as tight as 1% D are possible, such as that obtained 
with induction bending methods with appropriate heat treatment. Specific manufac- 
turing experience and process procedures in these circumstances should be reviewed 
by the process plant owner in assessing cost incentives over more conventional pipe 
bends or elbows. 

Elbows that are manufactured in accordance with any of the standards listed in 
Table 326.1 of the ASME B31.3 Code are considered to be suitable for use at the 
pressure-temperature rating specified in the listed standard. In the case of standards 
under which elbows are made to a nominal pipe thickness, such as ASME B16.9, 
the elbows are considered suitable for use with pipe of the same nominal thickness. 
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Miters 


The thickness of each segment of a miter must be designed in the same manner as 
straight pipe. The thickness, however, does not allow for the discontinuity stresses 
that exist at junctions between the segments of a miter. These stresses are reduced 
for a given miter as the number of segments is increased. An angular offset of 3? 
or less does not require design considerations as a miter bend, and the same design 
basis applies as is used for straight pipe. The Code requires multiple miter bends 
with miter angle cuts not greater than 22.5°, which requires a minimum of 2 miter 
cuts to achieve a short-pattern full 90° bend. Single miter bends are allowed with 
a miter cut angle greater than 22.5°, but different design rules apply. Miters in 
process plants are typically limited to relatively large diameter and low-pressure 
[50 psig (345 kPa) or less] piping systems, especially where elbow fittings are not 
readily available. Even for these services, 90? miter bends should have three or 
more segments. Refer to Fig. C7.4. 

The wall thickness of mitered segments of pipe subjected to external pressure 
must be designed in the same manner as required for straight pipe. 


Branch Connections 


Branch connections may be made by the use of integrally reinforced fittings (e.g., 
tees, extruded outlets, branch outlet fittings, laterals, and crosses), welding outlet 
fittings or by welding the branch pipe directly to the run pipe, with or without 
added reinforcement as covered by the Code. The Code gives rules governing the 
design of pipe-to-pipe branch connections to sustain internal and external pressure 
in those cases where the angle between the axis of the branch and of the run is 
between 45? and 90*. Branch connections in which the smaller angle between the 
axis of the branch and the run is less than 45? impose special design and fabrication 
problems. The rules given in the Code for angles between 45? to 90? may be used 
as a guide, but sufficient additional strength must be provided to ensure safe and 
satisfactory service, and the design must be substantiated by the provisions of the 
Code for nonstandard piping components. 

Branches at angles other than 90°, such as laterals, should be avoided except when 
flow and pressure drop considerations greatly outweigh the difficulty in obtaining 
satisfactory welds and the greater difficulty in adequately reinforcing such connec- 
tions. 

For welded pipe-to-pipe branch connections, the stress concentration at the 
junction increases rapidly as the size of the branch approaches the size of the run. 
This is also true with most welding outlet fittings. Consequently in services which 
involve considerable cycling due to pressure or temperature or both, it is usually 
good practice to make the branch connections with butt-welding tee fittings, or 
socket-welding fittings in the case of small-diameter piping. The use of butt-welding 
tees is also considered good practice for full-sized branches in most process services. 
If there is at least one size reduction in the branch, fabricated pipe-to-pipe branch 
connections should, as a rule, be acceptable for all services except those with severe 
cycling. The use of reinforcing pads for fabricated branch connections should also 
be avoided for elevated temperature services greater than 800°F (426°C) due to 
concerns for high differential thermal expansion strains. 


Strength of Branch Connections. The opening made in a pipe for a branch connec- 
tion weakens the pipe, and unless the wall thickness of the pipe is sufficiently in 
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Where: 

D = outside diameter of pipe 

r, - mean radius of pipe using nominal wall T 

T = miter pipe wall thickness (measured or minimum 
per purchase specification) 

C = sum of mechanical and corrosion/erosion allowances 

0 = angle of miter cut 

a = angle of change in direction at miter joint 

-20 

R, = effective radius of miter bend, defined as the shortest 
distance from the pipe center line to the intersection 
of the planes of adjacent miter joints 


The ASME piping Code, B31.3, requires that the value of R, shall not be 
less than: 
R 


Where: 
A = an empirical value defined by Section 304.2.3 of this code. 


FIGURE C7.4 Nomenclature for miter bends. 


A 
! 7^ tan 8 


iV 


E 
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excess of that required to sustain the pressure, it may be necessary to provide 
reinforcement. Typical welded branch connections permitted by the Code are illus- 
trated in Fig. C7.5 shown with and without added reinforcement. The amounts of 
reinforcement required to sustain the pressure in welded pipe-to-pipe branches are 
outlined in Sec. 304.3 of ASME B31.3. Certain branch connections may be made 
without the necessity of their use being supported by engineering calculations. This 
includes, for example, branch connections made by welding a threaded or socket 
welding coupling or half-coupling directly to the pipe run, provided the size of the 
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FIGURE C7.5 Fabricated branch connections. 


(d) Set-through with Reinforcing Pad 


branch does not exceed NPS 2 (DN 50), and the coupling has a minimum rating 
of Class 2000 per ASME B16.11.? 


Other Design Considerations for Branch Connections. n addition to pressure 
loadings, external forces and movements are applied to a branch connection by 
thermal expansion and contraction, dead and live loads, and movement of piping 
terminals and supports. Due consideration must be given to the design of a branch 
connection to withstand these forces and movements. Fabricated branch connections 
made by welding the branch pipe directly to the run pipe also should be avoided 
when the branch size exceeds 0.8 times the run size or where repetitive stresses 
may be imposed on the connection by vibration, pulsating pressure, temperature 
cycles, and so forth. In such cases, it is recommended that the design be conservative 
and that considerations be given to the use of tee fittings or complete encirclement 
types of reinforcement. 


Closures 


The design of welded flat closures, ellipsoidal, spherically dished, hemispherical, 
and conical closures is encountered relatively infrequently. Closure fittings manufac- 
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tured in accordance with ASME B16.9 and B16.11 are considered suitable for use 
at the pressure-temperature ratings specified by such standards. In the case of 
standards under which closure fittings are made to nominal pipe thickness, the 
closure fittings shall be considered suitable for use with pipe of the same nominal 
thickness. In process plant piping the most commonly used closure is probably the 
butt-welding cap. Bolted flanged covers are used where access is needed. 


Openings in Closures. Code rules govern the design of openings in closures when 
the size of the opening is not greater than one-half of the inside diameter of the 
closure. The basis for the design of these openings in closures is the same as it is 
for branch connections. Closures with larger openings must be designed as reducers, 
except that flat closures must be designed as flanges. 


Reducers 


Reducers, either concentric or eccentric, are typically provided as forged or wrought 
fittings in accordance with an accepted standard (e.g., ASME B16.9 in the case of 
wrought steel butt welding fittings). Concentric reducers are typically made in 
conical or reversed curve sections, or a combination of such sections, and the design 
requirements of the Code for conical and toriconical closures apply. 


Flanges 


Flanges manufactured in accordance with ASME Standards B16.5, B16.36, B16.1, 
B16.24, B16.42, and B16.47 are considered suitable for use at the pressure-tempera- 
ture ratings specified by such standards. Flanges not made in accordance with the 
standards listed shall be designed in accordance with Sec. VIII Div. 1 of the ASME 
Boiler and Pressure Vessel Code, except that the requirements for fabrication, 
assembly, inspection, and testing, and the pressure and temperature limits for materi- 
als of ASME B31.3 shall govern. ASME Section VIII, Division 1, design require- 
ments with allowable stresses from B31.3 are also referenced for the design of 
blind flanges. 


Blanks 


The Piping Code provides design bases for determining the minimum pressure 
design thickness for permanent blanks, which are used to isolate or dead-end piping 
systems. Corrosion or erosion allowances and manufacturer’s minus tolerance must 
be added to the thickness thus determined. Standard dimensions for permanent 
blanks and figure 8 blinds are provided by ASME B16.48 (formerly covered by 
API590), Steel Line Blanks, which are typically used for most process refinery appli- 
cations." 

In the design of temporary blanks which are not to be used during operation 
of the piping (e.g., during shutdowns or during testing), an allowable stress equal 
to 90 percent of the material’s yield strength is sometimes used. It is suggested, 
however, that % in (6.0 mm) is a practical minimum thickness for carbon-steel blanks. 
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Expansion Joints 


Thermal expansion of piping systems within process plants is normally accommo- 
dated with the inherent flexibility achieved with elbows, bends, and pipe expansion 
loops. There are some special cases, however, where the layout requirements of 
the piping require the use of expansion joints. This may be the case, for example, 
if the system cannot tolerate appreciable pressure losses with the addition of elbows 
or bends. Instead, system thermal expansion or contraction requirements can be 
accommodated using a suitably designed expansion joint. Since expansion joints 
are comparably more vulnerable to potential damage and fatigue failures, they 
should only be considered after all other normal flexibility alternatives have 
been explored. 

Several different types of expansion joints are available, ranging from rubber 
hose to metal bellows, which are covered in Chap. A2 of this handbook. If used 
in process plants, expansion joints are typically the metal bellows type, using U- 
shaped convolutions. The design of metal bellows type expansion joints is covered 
by App. X of the Process Piping Code, ASME B31.3. In addition to the pressure 
and thermal expansion design of the bellows, it is important to ensure that piping 
movements and external bending loads will not be beyond the limits of the joint 
design. Potential problems caused by pressure thrust must be considered. Refer to 
Chap. A2 for more details. 


Attachments 


Attachments to piping, both external and internal, are required to be designed so 
that they will not cause flattening of the pipe, excessive localized bending stresses, 
or detrimental thermal gradients in the pipe wall. It is important that such attach- 
ments be designed to minimize stress concentrations, particularly in cyclic services 
or systems prone to imposed vibrations. Gusseting of small piping connections 
(= NPS 1%, or = DN 40) should be considered for equipment and piping in 
vibrating services to provide proper bracing of these appurtenances against potential 
fatigue failures. 


Pressure Design of Non-standard Components 


In general, all pressure-containing components need to satisfy code requirements. 
However, if the design of similarly shaped or proportioned components has been 
proven successful by performance under comparable service conditions, provision 
for the use of such components is allowed by the Code. Alternatively, the Process 
Piping Code, Sec. 304.7.2, permits the pressure design of the non-standard compo- 
nent to be proven either by an experimental stress analysis or by tests made in 
accordance with the ASME Boiler and Pressure Vessel Code, Sec. VIII. 


SELECTION AND LIMITATIONS 
OF PIPING COMPONENTS 


Pipe and Fittings 


Table C7.3 lists typical piping materials for commonly used pipe found in process 
plants. It includes both welded and seamless pipe per the applicable specification. 


C.326 


PIPING SYSTEMS 


TABLE C7.3 Piping Material Specifications 


Material 


Requirements 


Cast iron 


ANSI/AWWA C115 (Centrifugally Cast) 


Ductile iron 


ANSI/AWWA C151 


Carbon steel 


API 5L; ASTM A53, A106, A333/A333M, A671, A672, A691 


Ferritic alloy steel 


ASTM A335/A335M, A426, A671, A672, or A691: Classes 11, 
22, 32, or 42 


Austenitic Cr-Ni 
steel 


ASTM A312/A312M, A358/A358M, A451 


Monel 


ASTM B165 


3% Ni or 9 Ni 


ASTM A333/A333M 


Inconel 


ASTM B167 


Aluminum 


ASTM B241/B241M 


Incoloy 


ASTM B407, B423, B705 


The majority of process plant piping is carbon steel, either longitudinally welded 
or seamless. 

Cast-iron and ductile-iron pipe materials are usually limited to Category D water 
services not subject to freezing for most process plants, and typically are specified 
as centrifugally cast material. Low-melting-point alloys, such as aluminum, brass, 
and bronze should not be used in flammable or combustible fluid services. 

The following list provides some guidelines on the application of welded pipe 
as typically used within hydrocarbon processing plants: 


1. All longitudinally or spiral-welded pipe should be hydrostatically tested, and 
inspected by either ultrasonic or electromagnetic means by the manufacturer. 


2. The use of furnace butt-welded pipe in typical process plants is usually limited 
to a maximum size of NPS 4 (DN 100) and restricted to water service per 
Category D of the B31.3 Piping Code. 


3. Longitudinally welded carbon steel pipe is usually supplied to either electric- 
welded or fusion-welded specifications and typically acceptable for most applica- 
tions requiring carbon steel pipe. 


4. Spiral-welded pipe, as specified by API 5L, is primarily used outside of normal 
process units, typically for carbon steel offsite piping, including tank farms and 
terminal transfer piping. The spiral seams should be double-submerged arc- 
butt-welded. 


Applicable standards and sizes of fittings are summarized in Table C7.4. 
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TABLE C7.4 Recognized Standards for Fittings 


Applicable 
Fittings Size range Standards 


Steel buttwelding fittings NPS 1^ thru 24 (DN 15 thru 600) ASME B16.9 
Over NPS 24 (>DN 600) ASME B31.3 


Steel socket welding and threaded | NPS % thru 2 (DN 15 thru 50)” ASME B16.11® 
fittings 


Malleable iron threaded fittings® NPS % thru 2 (DN 15 thru 50) ASME B16.3 


Gray iron and ductile iron NPS 2 thru 48 (DN 50 thru 1200) ANSI/AWWA C110 
fittings 


Flanged fittings NPS % thru 24 (DN 15 thru 600) ASME B16.5 


Notes: 
(1) Normally used sizes. 
(2) Covers NPS % (DN 6) through NPS 4 (DN 100) fittings. 
(3) Limited to air, inert gas, and water service. 
(4) Gray iron limited to water service. Ductile iron limited to nonhydrocarbon service. 


There are many Code mandated restrictions for the use of fittings, bends, and 
other related components which are not universally applicable to all process plant 
services. Some guidelines, however, are of value to the designer and are listed in 
the following paragraphs. 


* In typical process complexes, flanged connections should be limited to locations 
where their use is considered essential to the operation and maintenance of the 
unit. This is particularly the case for critical services where welded fittings and 
connections should be used to reduce the potential for leakage associated with 
flanged connections. 


* Butt-welding elbows are typically of the long-radius type unless specific layout 
restrictions require the special application of short-pattern elbows. 


* In services with very high corrosion rates, butt-welding fittings are preferred to 
threaded and socket-welding fittings. 


* Pipe couplings or threaded fittings made of cast, malleable, or wrought-iron are 
not permitted for flammable fluids within process limits or hazardous fluids in 
any area. 


* Large-radius pipe bends are preferred to butt-welding elbows for reciprocating 
compressor suction and discharge piping, vapor relief-valve discharge piping, and 
piping conveying corrosive fluids (such as acid) where turbulence in a fitting may 
cause excessive corrosion. 


* Threaded plugs are preferred to pipe caps for threaded end closures to reduce 
dead-end corrosion problems caused by inadequate draining of trapped corro- 
sive fluids. 


* The use of bell-and-spigot fittings is limited to water and drainage service. 
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Special Considerations for Fittings in Abrasive Fluidized Solid Services. The 
following additional guidelines are offered for fittings and other pipe components 
in fluidized solids services where internal erosion concerns exist: 


* Long radius bends should be used for dense-phase flow of pulverized abrasive 
solids and for all piping which handles either pulverized or granular solids sus- 
pended in liquids or granular solids suspended in gases. 


* Long radius bends or dead-end tees should be used for piping which conveys 
pulverized abrasive solids suspended in gas in the dilute phase. Dead-end tees 
(so arranged that the flow will impinge against the dead end) have a longer life 
than bends in abrasive service and should be used if the system can be designed 
to accommodate the resulting increase in pressure drop. 


* Similarly, if the flow is through a branch into a header (or run pipe) in a piping 
system which transports pulverized abrasive solids suspended in gas in the dilute 
phase, a dead-end cross (so arranged that the flow will impinge against the dead 
end) should be considered. 


Piping Joints 


The type of piping joint used must be suitable for the pressure-temperature condi- 
tions and should be selected by giving consideration to joint tightness and mechanical 
strength under the service conditions (including thermal expansion), and to the 
nature of the fluid handled with respect to corrosion, erosion, flammability, and 
toxicity. In general, the number of disassembly joints is minimized; most joints are 
welded if the material is weldable. 

Welded piping is used almost exclusively for transporting hydrocarbons and 
other flammable fluids. This includes bypass piping, alternate process connections, 
and auxillary piping systems such as gland oil, seal oil, lubricating oil, fuel gas, fuel 
oil, heating or cooling oil, flushing oil, flue gas, blowdown piping and the like. 
Welded construction is also used for all piping outside process unit limits which is 
used for the transfer of hydrocarbons or most other process fluids. 


Welded Joints. The Code permits welded joints in all instances in which it is 
possible to qualify welding procedures, welders, and welding operators in confor- 
mance with the rules of the Code. There are, however, a few minor additional 
considerations for seal-welded (threaded) and socket-welded joints, which are typi- 
cally limited to pipe sizes NPS 2 (DN 50) and smaller, except for air or water below 
250°F (121°C). For example, the Code cautions against the use of socket-welded 
construction in cases where severe crevice corrosion or erosion could occur. The 
Code also states that seal welds may be used to avoid joint leakage but that they 
shall not be considered as contributing any strength to the joint. 


Flanged Joints. The number of bolted flanged joint connections in a piping system 
is usually determined by maintenance and erection considerations, including flanged 
joints needed for the insertion of blanks during shutdown and for system isolations 
during initial hydrostatic testing. Where flanges of different ratings are bolted 
together, the rating of the joint must not exceed the lower rated flange. The selection 
of flanges is a topic within itself, which will be discussed in more detail in a subse- 
quent section. 
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Threaded Joints. Economics will limit the use of threaded piping to small pipe 
sizes, NPS 2 (DN 50) and smaller, for most services. It is also used for most 
galvanized piping connections. The threading of pipe with a wall thickness less than 
ASME B36.10M standard wall is not permitted." The use of threaded joints also 
should be avoided where crevice corrosion, severe erosion, or cyclic loading may 
occur. 

All pipe threads on piping components must be taper pipe threads in accordance 
with ASME B1.20.1, except that: 


* Pipe threads other than taper pipe threads may be used for piping components 
where tightness of the joint depends upon a sealing surface other than the threads 
(e.g., a union comprising of male and female ends joined with a threaded union 
nut), and where experience or tests have demonstrated that such threads are 
suitable for the condition. 


* Couplings, NPS 2 (DN 50) and smaller, with straight threads may be used only 
for Category D Fluid Service, and only with taper-threaded mating components. 


Seal welding of threaded joints is recommended for all services except for Cate- 
gory D fluid services. Threaded joints also do not need to be seal welded if the 
joint is for instrument connections or for piping components that require periodic 
removal for maintenance. Similarly, seal welding is typically not required for plugs 
and caps for drain and vent valves, and for union ring threads. 


Expanded Joints. This type of joint is more commonly used on the piping and 
tubes for refinery heaters or steam generators. Expanded joints are excluded for 
use in hazardous and/or toxic services and under severe cyclic conditions. Adequate 
means must be provided to prevent separation of the joint if used. Expanded joints 
are not typically used in process applications, and if they are used, considerations 
must be given to the tightness of the expanded joint when subjected to vibration, 
or differential expansion or contraction due to temperature cycling or external 
mechanical loads. 


Flared, Flareless, and Compression Joints. The use of flared, flareless, or compres- 
sion type tubing fittings may be considered for tubing connections, as may be 
required for instruments or other similar devices, within the limitations of applicable 
component standards or specifications. In the absence of such standards or specifica- 
tions, the adequacy of the fitting should consider the following: 


* The pressure design must meet the requirements of the Code. 


* A suitable quantity of the type and size of fitting to be used should meet successful 
performance tests to determine the safety of the joint under simulated or similar 
service conditions. 


* Fittings and their joints must be suitable for the tubing with which they are to 
be used. 


* Fittings must not be used in services which exceed the manufacturer's maximum 
pressure and temperature limits and recommendations. 


Caulked Joints. The term caulked joints applies to joints of the bell-and-spigot 
type which are permitted only for Category D water service and to a temperature 
of not over 200°F (93°C). They also must be used within the pressure-temperature 
limitations of the pipe to which they are applied. Provisions must be made to 
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prevent disengagement of the joints at bends and dead ends and to support lateral 
reactions produced by branch connections or other causes. Further details on this 
type joint are covered in Joining Cast-Iron Pipe in Chap. A2 of this handbook. 


Brazed and Soldered Joints. | Fillet-brazed or fillet-soldered joints may not be used 
in process piping, but the use of soldered and silver-brazed socket-type joints is 
permitted in nonflammable nontoxic service. The melting point of brazing alloys 
should be considered where possible exposure to fire is involved. 


Other Proprietary Joints. Coupling-type, mechanical-gland type, and other pro- 
prietary-type joints are available and may be considered for use provided adequate 
provision is made to prevent separation of the joints. The design should be verified 
according to the procedures of ASME B31.3 for special fittings, which should include 
the performance testing of a prototype joint to confirm the safety of the joint under 
simulated service conditions. These tests should incorporate anticipated loading 
conditions, including the simulation of vibration, fatigue, cyclic conditions, low 
temperature, thermal expansion, or hydraulic shock. 


Selection and Limitations of Flanges 


Flange components used in most process plants follow the design and material 
requirements of the standards listed in Table C7.5. It is important to note that 
large-diameter flanges specified by ASME B16.47 “Large Diameter Steel Flanges” 
are available in 2 different size categories: Series A, which are dimensionally the 


TABLE C7.5 Flange Material Specifications 


Flange material Size range Applicable standard 


Carbon steel NPS 7^ thru 24 (DN 15 thru 600) ASME B16.5 
Ferritic alloy steel 
Austenitic Cr-Ni steel 
3⁄2% Ni steel 


NPS 26 thru 60 (DN 650 thru 1500) ASME B16.47 Series 
A and B® 


Cast-iron NPS 1 thru 48 (DN 25 thru 1200) ASME B16.1 


Nickel NPS % thru 24 (DN 15 thru 600) ASME B16.5 

Nickel copper (monel) 

Nickel-chromium-iron 
(inconel) 

Hastelloy B-2 and 
C-276 


NPS 26 thru 60 (DN 650 thru 1500) ASME B31.3® 


Aluminum bronze NPS % thru 24 (DN 15 thru 600) ASME B31.3® 


Aluminum alloy NPS % thru 24 (DN 15 thru 600) ASME B31.3, 
Appendix L® 


Notes: 
(1) ASME B16.47 Series A flanges (previously specified by MSS SP-44) and Series B flanges (previously 
API-605 now withdrawn) specify different flange patterns for most sizes. 
(2) Dimensions including flange face finish per ASME B16.47, Series A or B as specified by the User. 
(3) Dimensions including flange face finish per ASME B16.5. 
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same as those covered by MSS SP-44, and Series B which are dimensionally the 
same as those previously covered by API-605 (withdrawn).” Most large flange 
installations in process piping are to Series B flange patterns, except where ASME 
B16.47 Series A flanges may be required to accommodate flangeless or lug type 
valves or other similar flangeless components, or to mate with existing equip- 
ment flanges. 

Flanges of materials other than those listed in applicable standards or flanges 
with special dimension for mating to equipment should be in accordance with 
ASME B31.3 following the design requirements of the ASME BPV Code Sec. VIII, 
Div. 1. 


Flange Types. Several different flange types are permitted by the standards listed 
in Table C7.5, as principally covered by ASME B16.5. These include different types 
of attachment to the pipe including threaded, lapped, and welded as covered in 
more detail by Chap. A2 of this handbook. Of the welded type, most flanges are 
the butt-welded, slip-on, or socket-welded types. The majority of flanges are butt- 
welded, which are more commonly referred to as the welding neck flange. Socket- 
welded flanges are typically limited to small-diameter connections less than NPS 2 
(DN 50). Slip-on flanges fit over the outside diameter of the pipe and are attached 
with fillet welds at both the pipe end and off the hub end of the flange. 
Typical restrictions on the use of slip-on flanges include: 


While available in most pressure classes, slip-on flanges are more typically limited 
to Class 300 or lower pressure rating in process plant piping. The available raised 
face gasket seating area can preclude commonly used gaskets in the case of slip- 
on flanges for higher class piping. 


* They are limited to services with design temperatures below 750°F (400°C). 


They should not be used where the specified corrosion allowance exceeds 0.125 
in (3 mm). 


The Code restricts the use of threaded flanges as it does any threaded pipe joint. 
Some limits on the application of threaded flanges include: 


* The use of cast, nodular, wrought and malleable iron threaded flanges should 
be avoided. 


* Threaded steel flanges for steel pipe are usually limited to water or air (or 
other Category D) services for sizes NPS 6 (DN 150) or smaller and with design 
temperatures not exceeding 250°F (121°C). 


* Threaded flanges on cast iron or ductile iron pipe should be steel material. 


The following recommended limitations should be considered with the use of 
lap joint flanges for process plant applications: 


* Lap joint flanges should not be used where the combined longitudinal stresses 
in the pipe at the lap-joint stub-end (resulting from pressure, weight, and thermal 
expansion) exceeds the ASME B31.3 basic allowable stress at the pipe design tem- 
perature. 


* The flange may be of a material different from that of the pipe, provided the 
flanged joint will not be subject to galvanic corrosion (e.g., carbon steel flanges 
may be used on lap-joint stub-ended 18 Cr 8 Ni pipe in above ground services). 


Stub-ends for lap joint flanges, if fabricated by welding, should be made with full 
penetration welds 
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The following additional limitations on flanges are included for the designer's 
guidance. 


* [n services with very high corrosion rates, the bore of weld neck flanges should 
be the same inside diameter as the attached piping (if not the same, consider 
taper-boring the component with the smaller inside diameter). 


* ASME Standard B16.47 *Large Diameter Steel Flanges" governs steel flanges 
in sizes NPS 26 through 60 (DN 650 through 1500). However, the designer must 
ensure that the flange drilling on such flanges will match that of the equipment 
to which it is to be attached. Use Series A for previous installations with MSS 
SP-44 “Steel Pipe Line Flanges,” and Series B for flanges mating to equipment 
with API 605 *Large-Diameter Carbon Steel Flanges." 


Selection of Flange Facings 


Several different types of flange faces are used as the contact surfaces to seat the 
sealing gasket material. In the case of Class 125 cast iron flanges, full faces are 
provided with a phonographic finish. ASME B16.5 and B16.47 define various types 
of flange facings, including the raised face, the lapped, and the large male and 
female facings which have identical dimensions to provide a relatively large contact 
area. Other flange facings covered by these standards include the large and small 
tongue-and-groove facings, and the ring joint facing specifically for ring joint type 
metal gaskets. Chapter A2 of this handbook provides detailed descriptions of the 
various flange faces and their uses. 

When flat face (FF) Class 125 cast iron or nonmetallic flanges are bolted to 
Class 150 steel flanges, the 146 in (2 mm) raised face on the steel flanges should be 
removed to preclude possible damage to the mating flange. 

The raised face (RF) flange face is the most common type used in process plant 
applications. This face type allows the use of a wide combination of gasket designs, 
including flat ring sheet types and metallic composites such as spiral wound and 
double jacketed types. The typical flange face finish for ASME B16.5 RF flanges 
is 125 to 250 win Ra (3 to 6 um Ra). The use of ring joint gaskets specifically 
requires the use of grooved ring joint (RJ) flanges. These are typically used in 
relatively high pressure (Class 600 and higher rating) and/or high temperature 
services above 800°F (427°C), and are usually the gasket of choice for highly cyclic 
temperature services. 


Selection and Limitations of Gaskets 


A considerable variety of gaskets is in common use for the flanges located within 
process plants. These can be nonmetallic or metallic, or a composite of nonmetallic 
and metallic materials.? The majority of nonmetallic gaskets are soft sheet materials 
such as rubber, vegetable, and other mineral fibers, cork, asbestos, PTFE (polytetra- 
fluoroethylene), and graphite. These sheet gaskets are manufactured to the dimen- 
sional standards of ASME B16.21.^ The composite gasket types combine metal 
and a soft material, the metal to provide added strength to withstand higher pressures 
and temperatures of the confined fluid, and the soft material to provide resilience. 
Spiral wound (SW) gaskets with metal strip spirally wrapped with resilient filler 
material, and metallic double jacketed with soft material filler are two of the most 
common gaskets of this type. Metallic gasket types come in various shapes and 
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constructions, including flat and ring types. Ring joint gaskets typically of the oval 
cross section are used in some of the more critical fluid services. 

Until the last decade, asbestos was without question the principal gasket material 
used in petroleum and petrochemical plants. While the importance of finding accept- 
able substitutes to asbestos is generally recognized within the industry, it is widely 
accepted that comparable gaskets with all of the same attributes of asbestos have 
yet to be identified. Due to its unique properties of chemical inertness, thermal 
behavior, and excellent sealability, asbestos has been a major ingredient of many 
gasket compositions for the past century. 

In recent years, flexible graphite has become the leading gasket material to 
replace asbestos for many users. This is particularly the case for the petroleum and 
petrochemical industries, where a broad range of application is required, including 
services at elevated temperatures. Yet, even flexible graphite gaskets have some 
significant limitations and continue to be the subject of ongoing research to evaluate 
long-term service characteristics at elevated temperatures." 

Principal characteristics for the ideal gasket within the petroleum and petrochem- 
ical industry (and other related processing plants) should include the following 
performance factors and other attributes: 


* Overall Mechanical Integrity. The mechanical strength of a gasket is a primary 
consideration to ensure sufficient strength against crushing and possible in-service 
blowouts. Gross leaks occur because, for some reason, the bolt load has been 
reduced to the point where the hydrostatic end force at the joint is roughly equal 
to the total bolt load. Gasket stiffness is an important consideration in precluding 
gross leakage. Another important mechanical integrity consideration of a gasket 
is its ability to resist gross instability or crushing with gasket seating during initial 
boltup and subsequent in-service retightening. 

Some recent experience with spiral wound gaskets filled with flexible graphite 
has demonstrated the importance of ensuring sufficient crush strength resistance." 
A significant percentage of installed SW gaskets for a refinery expansion were 
found during the final stages of precommissioning to have gross buckling of the 
inner windings. The gaskets were specified without inner retaining rings, which 
raised questions about current standards (ASME B16.20) requirements for inner 
rings. While this phenomena is the subject of industrywide evaluation, ASME 
B16.20 recommends the use of inner retaining rings with flexible graphite filled 
spiral wound (SW) gaskets where experience has demonstrated inward buckling 
to be a problem.? Considering the extent of buckling experience reported to 
date, and the potential for severe leakage and consequential damage due to 
entrained spiral fragments migrating into downstream equipment, some users 
specify inner rings for all NPS 4 (DN 100) and larger SW gaskets with flexible 
graphite filler. 


* Leak Tightness. A gasket for elevated temperature service must have good creep 
andstress relaxation resistance, and leak tightness. When addressing the sealability 
of gasket materials all of the operating parameters for a specific service impose 
their influence, to some extent, on the overall performance of the gasket. These 
include, for example, the physical nature of the fluid (i.e., gas, liquid, molecular 
weight, aggressiveness of the fluid on the gasket material, and fluid temperature 
and pressure). Gasket creep and stress relaxation first occurs during boltup and 
may also occur during heatup and subsequent cyclic loading, leading to additional 
creep losses. Gasket degradation results in gasket thickness loss, which further 
reduces bolt preload over time and increases the vulnerability of the joint. Degra- 
dation is the result of pyrolysis, oxidation, and other chemical reactions because 
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of high-temperature exposure and interaction with the process fluid. Aging effects 
as the result of prolonged exposure to service environments and temperature can 
lead to further degradation, affecting the useful life and sealing performance of 
the gasket. 


Fluid Service and Gasket Material Compatibility. Will the gaskets tolerate the 
chemicals with which they will be in contact; that is, are they compatible with 
the contained chemicals? The user should not assume that: (1) if a gasket is good 
at one concentration and/or temperature range, it will be acceptable for other 
concentrations and/or temperatures, or (2) if it is good for two or more chemicals 
alone, it will be good for a mixture of these chemicals. This also needs to be 
reviewed for all material components of composite gasket constructions. Industry 
experience is very valuable here in confirming the suitability of the gasket material 
for the intended service. 

Galvanic corrosion may be a problem if an electrically conducive fluid is 
present with a gasket material, such as flexible graphite, that is also electrically 
conductive. Graphite is near the cathodic end of the galvanic scale, between silver 
and gold. The wider the distance between the two materials, the more rapid the 
corrosive attack of the anodic material. 

As flexible graphite is a relatively fragile material, most process plant gaskets 
have metal inserts. These can suffer galvanic corrosion if coupled with the flexible 
graphite under certain electrochemical environments. Salt water service, for exam- 
ple, has proven to be a problem with composite flexible graphite gaskets, where 
galvanic attack can cause severe corrosion of the metallic insert. 

The manufacturer should be consulted if there is any doubt about the compati- 
bility of a gasket for the intended service. This is also the case for any potential 
concerns for galvanic coupling between the gasket material and metal reinforce- 
ment of a proposed gasket for an electrolytic chemical environment. 


Fire Safety. The integrity of gasketed flanged joints in flammable services, ex- 
posed to fires, is a key consideration in accepting substitutes for asbestos in 
petrochemical and refinery plants. Asbestos gaskets have been generally recog- 
nized as being inherently fire safe as demonstrated by the favorable service 
experience accumulated over the years. Of the numerous nonasbestos products 
now on the market, many would appear to have questionable fire integrity capabili- 
ties (e.g., sheets based on aramid, glass fibers, or on PTFE). This is a principal 
advantage for flexible graphite-based gaskets, which have demonstrated capabili- 
ties of being inherently fire safe. 


Broad Range of Application. Prior to falling out of favor, asbestos-based 
gaskets represented about 95 percent of all refinery and chemical service gasket 
applications. Ideally, substitutes should also exhibit a wide range of service 
applications. The obvious advantage of standardizing on one or two gasket 
materials is that doing so helps to minimize the chances of misapplication. 
Standardization also simplifies procurement and stocking requirements, which 
could get out of hand if many different types of gasket materials were kept 
in the warehouse stores. 


Adding to the merits of flexible graphite as a gasketing material is the wide 


spectrum of gasket styles that are commercially available. These styles include the 
more commonly used reinforced flexible graphite sheet (RFG) gaskets, and flexible 
graphite-filled spiral wound (SW) and double jacketed (DJ) gaskets. Other less 
conventional styles such as corrugated metal covered with flexible graphite (CMCG) 
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TABLE C7.6 Gasket Material Specifications 


Design range 


Gasket type Standards Class Temperature 


Compressed Asbestos Fiber ASME B16.21 =300 —50 to 750°F 
(CAF) sheet (—45-400?C) 


Metal Reinforced Flexible Graph- Dimensions per ASME B16.21 —250 to 750°F 
ite (RFG) sheet (—157-400*C) 


Corrugated Metal Flexible Graph- Dimensions per ASME B16.21 —250 to 750°F 
ite Covered (CMGC) (—157-400*C) 


Grooved Metal profile flexible Manufacturer's standards —250 to 750°F 
Graphite Covered (GMGC) (—157-400*C) 


Corrugated Double Jacketed (DJ) ASME B16.20 with corrugated up to 875°F 
filled with flexible graphite jacket (up to 468°C) 


Spiral Wound (SW)—Flexible graph- up to 875°F 
ite filled (up to 468°C) 


—Asbestos filled ASME B16.20 up to 1000°F 
(up to 538°C) 


—PTFE filled up to 400°F 
(up to 204°C) 


Ring Joint (RJ) ASME B16.20 for oval shape Any 


Notes: 
(1) Use of asbestos-based gaskets subject to local restrictions. 
(2) Typical fill materials for SW and DJ gaskets can be asbestos, flexible graphite, and PTFE (for 
nonflammable services). 
(3) Both inner and outer retaining rings are recommended for spiral wound (SW) flexible graphite 
filled gaskets for all sizes greater than NPS 4 (DN 100), or if gasket design temperatures exceed 
800°F (427°C). 


and grooved metal covered with flexible graphite (GMCG) have also evolved with 
good user experience. 

Table C7.6 provides a listing of the more commonly used gaskets within refinery 
and chemical plant process units, and the applicable standards available for their 
design and construction. 

The temperature ranges indicated by Table C7.6 are approximate and will vary 
according to the service involved. This is particularly the case with flexible-graphite 
based materials, where the extent of material degradation and oxidation will vary 
according to the fluid service involved. As discussed in the previous subsections, 
gasket material compatibility should be confirmed for the specific fluid service in- 
tended. 

A more detailed list of gasket materials for specific services is provided in 
Chap. A2 of this handbook. These include various elastomeric nonasbestos gasket 
materials, which should be considered to have relatively low service temperatures 
and generally are all non-fire safe. 
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TABLE C7.7 Bolting Material Specifications 


Design metal temperature Flange rating Bolts 


?F °C ANSI Class ASTM Std. 


—20 to 400 —29 to 204 =150 A307 
—20 to 800 —29 to 427 Any A193/A193M 
800 to 1100 427 to 593 Any A193/A193M 
1100 to 1200 593 to 650 Any A193/A193M 
1100 to 1500 593 to 815 =300 A193/A193M B8M Class 1” 
150 to -20 101 to —29 Any A320/A320M L7® 
325 to —20 198 to —29 Any A320/A320M? | B8 Class 29 


Notes: 

(1) Class 1 (low yield) bolts should not be used for Class 400 or higher flanges nor for flanged 
joints using metallic gaskets unless supported by appropriate design calculations per ASME B31.3, 
Par. 309.2.1. 

(2) Test temperature for impact testing of all L7 bolts, per ASTM A320/A320M, should be —150°F 
(—101?C). 

(3) ASTM A 193/A193M Grade B8 Class 2 bolts with ASTM A194/A914M Grade 8 nuts may be 
used as an alternate. 

(4) Grade B8 bolts must be strain hardened (i.e., Class 2 of designated ASTM material standard). 


Selection and Limitations of Bolting 


Bolting as typically used within the processing industry is threaded in accordance 
with ASME Standard B1.1 for Unified Screw Threads. In diameters 1 in (25 mm) 
and smaller, the threads conform to the coarse thread series. For larger bolt diame- 
ters, the eight-pitch thread series applies for bolting to this standard used in pro- 
cess plants.? 

Table C7.7 lists typical bolting materials and recommended design pressure and 
temperature rating limits for flanges found in process plants. A more complete 
listing of permissible bolting materials allowed by ASME B16.5 for steel pipe flanges 
is provided in Chap. B2 of this handbook. 

While carbon-steel machine bolts may be used to make flange connections for 
bolt metal temperatures from —20 to 400°F (—29 to 204°C) inclusive, they are 
considered to be low-strength bolts and should be limited to noncritical low-pressure 
(Class 150) services. However, ASME B16.5 permits the use of these bolts for 
flanges up to Class 300 with the use of nonmetallic gasketing material. 

The most widely used bolting materials in process plants are ASTM A193 Grade 
B7 stud bolts with ASTM A194 Grade 2H heavy semifinished hexagonal nuts. 
A number of operating companies, in fact, use these low-alloy materials almost 
exclusively, to simplify inventories and to reduce the possible misapplication of 
low-strength carbon-steel bolting. While the code permits the use of Grade B7 bolts 
from —50 to 1000°F (—45 to 540°C), a more conservative temperature range is 
recommended, as indicated by Table C7.7. At the high end, the use of Grade B16 
low-alloy bolting is recommended instead of Grade B7, since the latter has greater 
creep relaxation concerns at elevated temperatures, which could lead to in-service 
loosening of the flange. At the lower temperature range, A320 Grade L7 bolts are 
more typically used below —20°F (—29°C), consistent with the use of impact tested 
carbon steel and other low temperature flange materials. 

With the exception of carbon-steel machine bolts, the materials listed in Table 
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C7.7 refer to stud bolts. These should be threaded full-length with continuous 
threads to minimize stress concentrations within the bolt. The use of hardened 
washers, typically to ASTM F436, also should be provided under the nuts for the 
larger-size bolts [typically 172 in (38 mm) and larger bolts] to minimize galling of 
the flange back face. 


Selection and Limitations of Blanks 


In a process plant, blanks are usually required to isolate individual pieces of equip- 
ment at shutdown and to positively block off selected process lines at the process 
unit limits. They are also needed during operation wherever positive shutoff is 
required to prevent leakage of one fluid into another. Blanks, especially for larger- 
size flanges, are typically provided with a companion spacer which has a full-size 
opening consistent with the inside bore diameter of the flange. Figure-8 blinds (also 
called spectacle blanks) combine both the blank and spacer with a tie bar. Figure 
C7.6 provides typical details for handle-type blanks, spacers, and figure-8 blanks. 

Typically, operating line blanks, spacers, and figure-8 blinds, if specified for 
installation between ASME B16.5 flanges, are designed in accordance with the 
requirements of ASME B16.48, Steel Line Blanks (API 590, withdrawn), to accom- 
modate the full rating pressure of the flange class involved. Blanks can also be 
designed in accordance with ASME B31.3. 

Blanks ideally should be located in horizontal lines to ease their installation and 
removal. Blanks should not be used in vertical water and steam lines in climates 
where danger of freezing exists. 

The use of figure-8 blanks obviously ensures that the companion spacer is on 
hand when needed (and vice versa). However, these are difficult to handle in the 
larger sizes [i.e., above NPS 12 (DN 300)], and instead separate spacers and blanks 
are used. The paddle handle provided on these devices should make it clear at a 
glance whether a bank or a spacer is installed within mating flanges. An accepted 
convention is to provide a T-bar off the end of the paddle handle for blanks, and 
a drilled hole or formed eye in the handle-end of spacers, which allows the lifting 
of these respective devices yet clearly distinguishes them from each other. 

Piping systems should be equipped with spacers, figure 8 blanks, or designed 
with sufficient flexibility and flanges to permit blinds to be readily installed for 
isolation of equipment in accordance with the following criteria: 


* In the piping or at the nozzle of all process and utility connections to vessels 
where necessary to provide safe entry for inspection and maintenance personnel 


* [n the suction and discharge lines of all turbines and compressors, except atmo- 
spheric suction of air fans 


* At the inlets and outlets of process piping to fired heaters 
* All fuel and pilot gas headers to each fired heater 
* Spared equipment capable of being bypassed for maintenance 
* Safety valve bypass lines 
* Process battery limits 
Blanks should be made from a plate or forging specification, approved for use 


by ASME B31.3, of essentially the same chemical composition as the mating flanges 
and piping involved. 
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(a) Paddle Blank (with T-handle) 


(b) Paddle Spacer 


Note (1) 


(c) Figure 8 Blank i" Note (2) 
NOTES: 


(1) Hole size (where required due to bolt spacing) should be the same as the flange bolt hole. 
(2) The thickness of the web (or tie bar) dimension W, should be 0.25 in (6 mm) minimum, or equal to t if less than 0.25 in. (6 mm). 


FIGURE C7.6  Paddle-type and figure-8 blanks and spacers. 


Selection of Strainers 


Strainers are an important component of piping systems to protect equipment from 
potential damage due to dirt and other debris that may be carried by the process 
fluid. This includes the use of temporary strainers that may be placed upstream of 
mechanical equipment to protect it from construction debris left in the pipe. Perma- 
nent strainers are also provided for some inlet piping to protect equipment from 
in-service corrosion products and other product residues. Typical strainer designs 
and construction details are provided in Chap. A2 of this handbook. 

Centrifugal and reciprocating pumps handling material containing solids should 
have permanent strainers provided in the suction lines to the pump or in the vessel 
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from which the pump takes suction. The free area of such strainers should be not 
less than three times the cross-sectional area of the suction line. The location of 
permanent strainers (as contrasted to the temporary cone type which is installed 
at a flanged joint) also merits attention. 

Some typical strainer opening or mesh sizes are provided by Table C7.8 for 
various equipment. The mesh sizes (or openings) are the usual maximums for 
normal operation. These opening sizes vary with the application, but should not 
exceed the value recommended for the particular type of equipment. The available 
pressure differential usually determines the minimum clear opening for screens. 

The material for the strainer body (including bolting) should be equal to the 
material specified for the valves in the same service. The screen material generally 
should be the same as the valve trim (e.g., 11 to 13 percent chrome or Type 316 
stainless steel for most services). 

Permanent strainers should have baskets that can be flushed clean during opera- 
tion or easily removed for cleaning. If considerable clogging of strainers is antici- 
pated the strainers should be of the self-cleaning or the duplex type to permit 
continual flow of clean liquid. 


Valve Applications and Limitations on Use 


The successful performance of any process plant piping system is dependent on 
the proper selection and location of the valves that control and direct the flow of 
the piped fluids. There are numerous valve types and intended applications within 
a typical process plant, and to cover them all is beyond the scope of this chapter. 
More justice, however, is given this topic in Chap. A10 of this handbook, which 
provides detailed descriptions of valves and their features. This section will overview 
the application of the more commonly used valves within process plants, which can 
be categorized according to their function. 


Block (Isolation) Valves. Block valves, as the name implies, are used to stop 
flow or isolate a portion of a system. Basic design requirements of a block valve 
are to offer minimum resistance to flow when fully opened, and conversely to 
achieve tight shutoff (nil leakage) when fully closed. Principal block valve types 
include gate, globe (although used mostly to regulate flow), ball, butterfly, plug, 
ram, and diaphragm valves. These achieve the required objectives in varying degrees, 
so all types can typically be found in a large process complex. Of these, however, 
the gate valve is the most commonly used block valve for refinery and chemical 
plant applications. 


Throttling (Regulating) Valves. Throttling valves are principally used to regulate 
the flow of fluid within a piping system. This is achieved by varying the valve's 
open position to impart the required pressure drop to regulate the volume of flow. 
In the case of process control valves, throttling valves are used to control flow, 
pressure, or temperature, and in all situations the task is achieved by increasing or 
decreasing the flow through the valve in response to a signal from a pressure, flow, 
or temperature controller. Typical throttle valves include globe, needle, butterfly, 
ball, plug and diaphragm valves, which as previously noted can also serve a dual 
function to block flow. 


Backflow Protection. Check valves are used to prevent backflow. A principal 
requirement of all check valves is that they be self-actuating, with little resistance 


TABLE C7.8 Strainer Screen Openings for Equipment Inlet Piping 


Equipment 


Service 


Pipe or flange 
size, NPS (DN) 


Strainer type 
(Temporary) 
(Permanent) 


Mesh size or 
opening, in 


Pumps 
Centrifugal: 


Horizontal single stage, 
Vertical inline 


Suction 


3 (80) and under 


3 to 6 (80-150) 


Over 6 (150) 


5x5 


Horizontal multistage, 
Vertical deepwell 


Suction 


6 and under 


Over 6 


Reciprocating 


Suction 


All sizes 


TEMP 


Rotary, turbine 


Suction 


All sizes 


TEMP 


Compressors 
Centrifugal: 


Air, Suction 


Gas, Suction 


All sizes 


PERM 


TEMP 


Reciprocating: 


Air, Suction 


Gas, Suction 


All sizes 


(PERM Filter) 


TEMP 


Rotary screw: 


Air, Suction 


Gas, Suction 


All sizes 


PERM 


TEMP 


Air, Suction 


Gas, Suction 


All sizes 


PERM Screen 
on Dry Filter 


TEMP 


Turbines 


Gas: 


All sizes 


PERM Screen 
on Dry Filter 


Steam: 


All sizes 


PERM 


Other equipment 
Fuel-oil lines to burners 


All sizes 


PERM 


Air supply to pneumatically 
actuated equipment 


All sizes 


PERM 


Upstream of restriction 
orifices in bleed services 


All sizes 


PERM 


Energizing fluids to ejectors 


Screen 


All sizes 


Meshes 
(per linear in) 


Wire diam 
i mm 


Average opening 


width 


PERM 


Perforated 
plate opening 
in mm 


Pipe size, 
NPS 
in mm 


100 x 100 
80 x 80 
40 x 40 
20 x 20 
5x5 
3x3 


0.102 
0.140 
0.254 
0.406 
1.6 
1.6 


3 
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to forward flow and rapid closure triggered by reverse flow. The closing of the disk 
can be achieved with gravity effects or with the assistance of springs or pneumatic 
actuators to assist in the rapid closure of the valve. Typical check valves include 
the swing disk, dual-disk butterfly, tilting disk, ball, and piston types. 


Pressure-Relief Devices. These devices are used to protect piping and equipment 
from being subjected to pressures that exceed their design pressures. Some pressure- 
relief or safety valves achieve this with a spring-retained disk which pops when 
sufficient pressure lifts it off a sealing seat. Another type incorporates a pilot valve 
which uses system pressure to control the movement of the relieving disk. Rupture 
discs, although not valves, can also achieve rapid pressure relief, which is accom- 
plished by the disk bursting open at a predetermined pressure. These have the 
advantages of being leak-tight up to the rupture pressure and of being capable of 
relieving large rates of flow. However, they cannot adjust the set pressure, as can 
relief valves. Another major factor for considering relief valves versus rupture disks 
is that the rupture disks don't reseat when the pressure goes back below the set point. 


Valve Standards/Specifications 


Table C7.9 provides some of the specific standards used in the manufacture of 
block and check valves for process plants. Most valves conform to the standard 
pressure and temperature ratings specified by ASME B16.34.” The pressure-temper- 
ature ratings of B16.34 for standard-class valves parallels that of ASME B16.5 (for 
steel flanges) except B16.34 provides for higher pressure-temperature ratings for 
welding-end special-class valves that receive additional prescribed nondestructive 
examinations. As indicated by Table C7.9, several API Standards provide detailed 
design and manufacturing requirements for the specific valve types covered to 
supplement the principal design requirements stipulated by ASME B16.34. Refer 
to Chap. A10 for details. The points that follow will highlight several application 


TABLE C7.9 Valve Standards for Process Plant Applications 


ASME Standards 

B16.34 Valves—Flanged, Threaded, and Welding End 
API Standards 

594 Wafer and Wafer-Lug Check Valves 

598 Valve Inspection and Testing 

599 Steel and Ductile Iron Plug Valves 

600 Steel Gate Valves, Flanged and Buttwelding Ends 

602 Compact Steel Gate Valves—Flanged, Threaded, 

Welding, and Extended-Body Ends 


603 Class 150, Cast, Corrosion-Resistant, Flanged-End Gate 
Valves 


607 Fire Test for Soft-Seated Quarter-Turn Valves 
608 Metal Ball Valves, Flanged, Threaded, and Welding End 
609 Butterfly Valves, Lug-Type and Wafer-Type 
ASTM Standard 
A494/A494M Castings, Nickel and Nickel Alloy 
ANSI/AWWA Standard 
C504 Rubber Seated Butterfly Valves 
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considerations associated with some of the more commonly used valves covered 
by these standards. 


Gate Valves. The majority of steel gate valves for use in refinery and chemical 
process plants are specified to API 600 covering Steel Gate Valves.” This standard 
provides for greater corrosion allowance and hence heavier wall thickness than 
ASME B106.34 for the same pressure rating. This allows the broader application of 
the same API 600 gate valve across multiple-service classes. API 600 also stipulates 
that the valve be of the Outside Screw and Yoke (OS&Y) type for the actuating 
stem works to minimize corrosion damage of this mechanism by locating the screw 
threads external to the valve. 
Additional application considerations for gate valves include: 


* The wedge design for gate valves should be the flexible type to allow for better 
sealing of both the upstream and downstream side of the gate to the valve body 
seats. It also compensates for differential thermal expansion effects that can occur 
between the valve body and the gate wedge. Solid wedges, however, may be used 
for small-diameter [NPS 2 (DN 50) or smaller] or lower-pressure-class valves 
( Class 150). 


* Valve trim materials for the stem and gate/body seats are typically specified by 
the user for the intended service in accordance with the trim alternatives defined 
by API 600. For critical nonlubricating services, valve seats are hard-faced to 
minimize seat travel wear. 


* If the pressure differential across a closed gate valve is approximately equal to 
the pressure rating of the valve, consideration should be given to providing a 
pressure-equalizing bypass around the valve. Consideration should also be given 
to bypasses for valves in steam lines for warm-up purposes. When bypasses are 
provided, they should be sized in accordance with MSS SP-45, Bypass and Drain 
Connection Standard.” 

* Gate valves with soft-seal (e.g., PTFE) inserts in the seat rings can provide 
improved leak-tight performance. However, it is important to confirm that proper 
metal-to-metal seat contact is achieved between the gate and body seats prior to 
installing the soft seals. This is needed to obtain normal gate sealing as a secondary 
backup to the soft seals should they be damaged during a fire. 


Other Block Valves. Butterfly valves, ball valves, nonlubricated plug valves, and 
lubricated plug valves may be considered as possible alternates to gate valves. The 
majority of these valves rely on soft-seal materials to effectively achieve leak-tight 
performance. Table C7.10 identifies recommended temperature limits for several 
of the more common soft-seal materials used with these block valves. 


TABLE C7.10 Valve Soft Seal Material Temperature Limits 


Temperature limit 


Soft seal material ?F °C 


PTFE (Polytetrafluoroethylene) 

FEP (Perfluoro (Ethylene-Propylene) Copolymer) 
VITON-A 

BUNA N 

NEOPRENE 
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Other design considerations for soft-sealed block valves include the following: 


* Fire-tested type ball, plug, or butterfly valves should be certified per the require- 
ments of API Standard 607, Fire Test for Soft-Seated Quarter-Turn Valves, if 
intended for flammable or other dangerous material services.? These fire-tested 
valves are specifically designed with metal-to-metal secondary sealing to minimize 
leakage across the block should the primary soft seals be destroyed during expo- 
sure to a fire. 


* Soft-seated valves in liquid service should be provided with pressure relief for 
the body cavities. The liquid is usually relieved to the upstream side. This is 
needed to relieve pressure buildup and possible valve damage due to liquid 
thermal expansion within the body cavity, which cannot escape because of the 
leak-tight soft seals. 


Globe Valves. As a general rule, hand-operated throttling valves for services 
where fine control is not required, and those for control valve bypasses, should be 
globe valves (integral stem and plug preferred). For severe throttling service, and 
where close control is required, a conventional control valve with a hand operator 
should be used. The only other common application for globe valves in process 
service is for mixing purposes where relatively tight shutoff is required. 

In most process plants, internal corrosion is a greater problem than external 
corrosion. Consequently, it is common practice that all NPS 3⁄4 (DN 20) and larger 
steel and cast-iron [and all NPS 24% (DN 65) and larger brass] gate, globe, and 
angle valves (located above grade) be of the outside screw and yoke type. 


Check Valves. The following design considerations are offered in the specification 
of check valves for typical process plant applications: 


* Do not use check valves in vertical lines in which the flow is downward. 


* Dual- and single-plate wafer check valves should be designed to API-594, Wafer 
and Wafer-lug Check Valves, requirements." These types of check valves are not 
recommended for reciprocating compressor or reciprocating pump services, which 
could otherwise lead to pulsation-induced fatigue failures of the valves' spring- 
assist closure mechanisms. 


* Ball or piston check valves should be of the self-closing type (gravity or spring 
assisted) and should not depend on flow reversal, or only the spring, to effect 
closure. 


* Lift check valves are not recommended for use in services subject to fouling, 
coking deposits, or erosion. 


Double Block and Bleed Valves. Under certain conditions double block valves 
are needed to prevent product contamination or where it is necessary to remove 
essential equipment from service for cleaning or repairs while the unit continues 
in operation. Of course, such equipment must be provided with a spare or it must 
be possible to bypass it temporarily without shutting down the unit. The nature of 
the fluid, its pressure and temperature, and many other factors must be considered 
when determining the need for double block valves. 

Generally, double block valves should be considered for the onstream isolation 
of equipment if the fluid is flammable or otherwise hazardous, or if the fluid is in 
high-pressure or high-temperature service. Where double block valves are used, a 
NPS % (DN 20) or larger bleed valve should be installed between the block valves 
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Double Block Valves 
To Relief System or —» e NPS 3/4 (DN 20) Bleed Valve 


Safe Disposal 
FIGURE C7.7 Double block and bleed valves. 


(see Fig. C7.7). The purpose of the bleed valve is twofold. First, the bleed ensures 
that the upstream valve is in fact tight before slipping in a blind off the downstream 
block valve. The bleed connection also permits the safe withdrawal of moderate 
leakage from the upstream valve to again assure the tight shutoff of the down- 
stream valve. 

Depending on the service conditions, it may be possible to use a single block 
valve with a body bleed to provide double block and bleed provisions for onstream 
isolation of equipment. Gate valves with flexible wedges and with body or bonnet 
bleed valve can serve this purpose if specifically tested in accordance with API-598 
for double block and bleed quality valves. Some ball valves and nonlubricated 
plug valves, when equipped with a valve body bleed between the seats, can also 
be satisfactory substitutes for double block valves. Testing for double block and 
bleed quality valves requires the pressure-testing of each seat, with leakage mea- 
sured through the valve body bleed as a means of substantiating the independent 
leak tightness of both the upstream and downstream seats of the valve. 


GENERAL PROCESS PIPING 
SYSTEM CONSIDERATIONS 


In previous sections, emphasis was placed on individual piping components. This 
section will look at the composite of these components by highlighting some of the 
important considerations required in the overall system design of process piping. 


Materials Related Considerations 


Proper materials selection is a key parameter in determining the adequacy of the 
performance of a piping system to sustain the extremes of temperature, chemical 
attack, or erosion. Such materials related considerations include the specific chemi- 
cal, metallurgical, and physical properties of a piping system’s material constituents, 
which can ultimately determine its suitability for a particular service. Chapters 
A3 and B2 of this handbook expand on some of the principal considerations involved 
in the selection of materials for a specific piping system, which would include: 
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Strength. The strength of a piping component or system is usually determined 
by the Process Piping Code, ASME B31.3, as it relates to the allowable working 
stresses for the materials under consideration. These allowable stresses are typi- 
cally based on specified percentages of the material's yield and tensile strengths. 
It also considers creep and rupture stress rate properties for any material operating 
in temperatures within its creep range. 


Toughness, or Ductility. Toughness is the ability of a material to resist impact 
or to absorb strain energy when stressed beyond the elastic limit. Steel piping 
materials are normally considered to be ductile. Under certain conditions, 
however, steel may behave in a brittle manner and shatter like glass. In piping, 
this behavior typically occurs only at low temperatures. Temperatures below 
the transition temperature for any steel represent temperatures at which it will 
behave in a predominantly brittle manner. Hence, steel with a high transition 
temperature is more likely to behave in a brittle manner during pressure 
testing or in service. It is important that the material's transition temperature 
be well below the design minimum temperature expected in service for the 
piping system involved. 


Corrosion Resistance. This material property is a measure of a piping system's 
material ability to resist chemical attack from a specific process fluid throughout 
the range of expected operating temperatures and fluid compositions, or from its 
exposure to environmental effects. All common piping system materials react 
with some process fluid corrodants at certain temperatures. When specifying a 
material for a particular application, it is important to select a material whose 
corrosion rate in the presence of expected corroding is acceptable over the design 
life of the piping system. 


Other Material Considerations. In addition to corrosion, it is also worth 
mentioning other materials related degradation phenomena which need to be 
considered in the selection of the piping system materials. These would include, 
for example, materials resistance to hydrogen attack at elevated temperature, 
which is a particular concern of many refinery processes, and is generally 
attributed to the formation of methane (CH,). This can occur for carbon-steel 
materials exposed to fluids with a high concentration of hydrogen at elevated 
temperatures. It is usual practice to specify low-alloy ferritic steel materials, 
increasing the amount of chromium composition between 1 to 5 percent 
depending on the hydrogen concentration and fluid temperature involved, to 
preclude hydrogen attack. Another materials related concern is stress corrosion 
cracking, which can occur with certain grades of austenitic stainless steel 
materials under a broad range of services and fluids. Erosion of piping materials 
can be another factor limiting the life of components. This is a principal 
concern for systems with fluids with some solids contents or high flow velocities 
resulting in significant material loss. 


Unfortunately, the list of other special materials-related concerns for process 


piping can be quite extensive and well beyond the scope of this chapter, but these 
are covered to some extent in Chap. A3 of this handbook. It is important for the 
designer to have an appreciation of the service experience of the proposed materials 
for the intended fluid media to confirm its overall compatibility for these fluid 
service conditions. 


Refer to App. E5 for piping and tubing material specifications for use in B31.3 


applications. App. E6 provides some international pipe specifications. 
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Pressure Integrity 


The pressure integrity design of a piping system needs to first determine the mini- 
mum required pipe wall thickness. The second consideration is the determination 
of the pressure rating of all the piping components, such as fittings and valves, 
within the system. Thus, verification is required that all of the individual components 
of the piping system are specified with sufficient wall thickness to be acceptable 
for the imposed pressure-temperature design conditions. 

The designer is cautioned that regardless of the combination of operating pres- 
sure and temperature which results in the most severe condition from a stress 
standpoint, the selection of materials will often be governed by the extremes of 
operating temperature and pressure. In designing piping systems, it is simpler to 
use fluid temperature than metal temperature. Substantial savings, however, can 
be realized by making appropriate thermal calculations or tests to determine the 
metal temperature, especially if the fluid temperatures are high or if the system is 
internally insulated. Not only can flange (and valve) ratings and pipe thicknesses 
often be reduced, but occasionally less expensive materials can be used. 

In considering metal rather than fluid temperatures, any savings in the cost of 
piping components must be balanced against the present worth of the additional 
heat to be lost from the piping components if the insulation is omitted. Flanges 
and valves which are to be left bare should be clearly marked on the piping drawings 
so that they are not inadvertently insulated. 


Operability, Maintenance, Safety, and Accessibility 


The overall piping system design will need to consider the operability, maintenance, 
and accessibility of the principal components. These factors are very dependent 
upon each other, which also need to be considered in the context of assuring the 
overall safety of the piping system. 


Operability. From the process unit operators’ perspective, the layout of the piping 
system needs to provide easy access to key components that must be operated 
frequently. This typically includes accessible positioning of the more frequently 
used block and control valves, and readable instruments installed directly off the 
piping. It is not possible, however, to make every valve and instrument directly 
accessible. Instead, consideration should be given for the frequency of operation and 
the degree of physical effort needed to perform the required operation. Important 
operable valves and instruments should be reachable while standing at grade or 
from an elevated platform provided for that purpose. The position of any valve 
handwheel or instrument control device should be such that the force needed to 
operate it can be applied without excessive strain on or undue contortions by the 
operator. It is also important that adjacent valves, lines, or other equipment not 
interfere with these operations. 


Maintainability. The piping system layout must consider the maintenance re- 
quirements, whether anticipated or not, of the piping and equipment involved. The 
arrangement of the piping should ensure that sufficient space is provided for the 
maintenance of equipment and for the piping system, and the maintenance of the 
components within it. This should include, as examples, sufficient space allocations 
for the pulling of exchanger bundles, major equipment laydown spaces, machinery 
rotor and furnace tube removals, and for the dismantling of equipment where 
required. Maintenance requirements will also dictate the location of isolation block 


PROCESS PIPING SYSTEMS C.347 


valves, especially those required for the onstream isolation of the key equipment 
and instruments. It is important to design the facilities so that the appropriate 
accessibility is provided to accomplish the required maintenance, including provision 
for any lifting equipment, such as davits, cranes, or trolley-beam hoists. 


Safety Considerations. In laying out piping for operability and maintenance, it is 
important that equipment, valves, and other components are placed in locations 
where they do not create hazards to personnel. These could be tripping obstacles, 
head-knockers, or other obstructions which could lead to bodily injury. Safety design 
requirements for stairs, platforms, ladders, means of egress aisleways, and minimum 
headroom clearances, for example, need to be considered to provide a safe work 
environment. These requirements, obviously, should be reflected in the overall 
process unit design." 


Accessibility. This has already been discussed in some detail in terms of space 
and treatments to help workers do their job as related to the operability and 
maintenance of the piping system. Even for remote valve locations, the inclusion 
of a platform could be justified, considering the importance of the component 
involved and the associated possibility of personnel injuries if not provided. 


Flexibility and Support of Process Plant Piping 


The general challenge of flexibility and expansion of piping systems is treated in 
Chap. B4 of this handbook, and the support of piping systems is covered in Chap. 
B5. Techniques, methods, and procedures developed in those chapters are applicable 
to process plant piping. Appendix E9 lists the capabilities of piping related com- 
puter programs. 

The need for detailed analyses of piping systems must reflect the acceptability 
of imposed reaction loads to equipment terminations and not just the thermal 
flexibility stressing of the pipe itself.? The determination and analysis of equipment 
reaction loads will in fact justify the need for detailed thermal flexibility and sus- 
tained longitudinal stress analyses for a considerable number of piping systems 
within a typical process plant. Recommendations in this regard would suggest that, 
as a minimum, formal computer flexibility analyses be performed for each of the 
following piping systems: 


* Process, regeneration, and decoking lines to and from all fired heaters and 
steam generators 


Process lines to and from all compressors and all blowers 


All NPS 3 (DN 80) and larger lines connected to other rotating equipment, 
including pumps, steam or gas turbines, and mixers 


Main process and regeneration lines to and from all process reactors 

All lines NPS 4 (DN 100) and larger with a design temperature of 450°F (232°C) 
or more 

All lines NPS 8 (DN 200) and larger with a design temperature of 350°F (177°C) 
or more 

All lines NPS 12 (DN 300) and larger with a design temperature of 250°F (121°C) 
or more 

All lines NPS 20 (DN 500) and larger, regardless of design temperature 

All lines that contain expansion joints 
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* All lines with internal refractory lining 
* All lines NPS 4 (DN 100) and larger connected to air-cooled heat exchangers 
* All lines NPS 12 (DN 300) and larger connected to storage tanks 


Other piping systems not covered by this list will still need to be evaluated using 
conventional thermal flexibility evaluation techniques to verify the acceptability of 
the planned layout and supporting arrangements.? Depending on the system, these 
screening evaluations may establish whether a more detailed computer flexibility 
analysis is required because of the complexity of the piping layout, and its intercon- 
nections with other piping or equipment involved. An example in this regard would 
be the tie-in of a new branch line to an existing piping system, where the thermal 
expansion effects of the new composite system need to be verified, and where the 
complexity of the system or the load sensitivity of the connecting equipment involved 
would justify a more detailed analysis. 


Fabrication, Assembly, and Erection of Process Plant Piping 


These topics are covered at length in Chap. A6 of this handbook. Detailed require- 
ments which relate to fabrication, assembly, and erection of the process piping 
systems are given in ASME B31.3. Important phases of the Code treatment of 
these topics are covered briefly in this section. 


Materials for Welding. All filler materials must comply with the requirements in 
Sec. IX of the ASME Boiler and Pressure Vessel Code.” If backing rings are used 
in services where their presence will result in severe corrosion or erosion, it is 
required that the backing ring be removed after welding and the internal joint 
ground smooth. When it is impractical to remove the backing ring in such a case, 
consideration should be given to welding without backing rings or to the use of 
consumable inserts or removable nonmetallic backing rings. 


Welding End Preparation. ASME B16.25 provides dimensional standards for 
weld end bevels.*! Preferably, the ends of pipe and the edges of plate used to form 
pipe should be shaped by machine. Other methods of shaping may be employed, 
provided that a reasonably smooth surface suitable for welding and free from tears, 
slag, scale, and grease is attained. Oxygen or arc cutting is acceptable only if the 
cut is reasonably smooth and true, and all slag is cleaned from the flame-cut surfaces. 

If piping component ends are machined on the inside for backing rings, such 
machining must not result in a finished wall thickness, after welding, less than the 
minimum design thickness plus corrosion and erosion allowances. 

Generally a root gap of % in (3 mm) is used for girth butt joints (including 
branch connections) without backing rings, except that where the pipe wall thickness 
is less than ?4e in (5 mm), a 4e in (1.5 mm) root gap is generally used. 


Welding Alignment Considerations. The following requirements should be con- 
sidered in the final alignment of the completed welded connection for the type indi- 
cated: 


* Radial misalignment at the joining ends of piping components should be limited 
to % in (3 mm) or % of the pipe wall thickness, whichever is less. Internal radial 
misalignment exceeding 146 in (1.5 mm) should be taper trimmed so that the 
adjoining internal surfaces are flush. However, the resulting thickness of the 
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welded joint should not be less than the minimum design thickness plus the 
specified corrosion allowance. 

Longitudinal seams in adjoining lengths of welded pipe should be staggered and 
located to clear openings and external attachments. 

Flange bolt holes should straddle the established centerlines unless other orienta- 
tion is required to match the flange connections on equipment. 

Slip-on flanges should be positioned so that the distance from the face of the 
flange to the pipe end is about equal to the nominal pipe wall thickness plus V6 
in (3 mm). 

Welding neck orifice flanges should be the same bore as the pipe to which they 
are attached and must be aligned accurately. 


Welding Requirements/ Procedures. Specific welding procedures are usually de- 
fined by the welding procedure specification (WPS). However, the following restric- 
tions, limitations, or guidelines generally apply to the welding of process piping: 


Qualification of the welding procedures to be used and of the performance of 
welders and welding operators is required to comply with Sec. IX of the ASME 
Boiler and Pressure Vessel Code. 


Before welding, all surfaces must be cleaned and free from paint, oil, rust, scale, 
or other detrimental material. Furthermore, welding is prohibited if there is 
impingement of any rain, snow, sleet, or high wind on the weld area. 


Projection of weld metal into the pipe bore at welded butt joints should not 
exceed 16 in (1.5 mm) for pipe NPS 8 (DN 200) and smaller or ¥ in (3 mm) for 
larger pipe. Excessive projections on accessible joints should be removed. Welds 
attaching welding neck orifice flanges to pipe should be ground smooth on the 
inside. 

The Code does not permit cracks in fillet or seal welds and limits undercutting 
to V52 in (0.8 mm) for these welds. Fillets welds may vary convex to concave. 


If seal welding of threaded joints is performed, the code requires that all exposed 
threads be covered by the seal weld and that the welding be done by qualified 
welders. In addition to the Code requirements, all threaded joints to be seal 
welded should be made without thread compound or PTFE tape. Seal welds 
should be at least two pass welds using a 952 or % in (2.4 or 3 mm) electrode, 
except a %2 in (4 mm) electrode is acceptable for NPS 2% (DN 65) and larger 
pipe sizes. 


The following Code requirements apply to girth butt welds and any longitudinal 


butt welds in piping components which are not made in accordance with a standard 
or specification. 


If the external surfaces of the two components are not aligned, the girth butt 
weld must be tapered between the two surfaces. 


Tack welds, if not made by a qualified welder using the same procedure as the 
completed weld, must be removed. Tack welds that are not removed should be 
made with an electrode which is the same as or equivalent to the electrode to 
be used for the first pass. Tack welds which have cracked must be removed. 


Peening (mechanical working) is prohibited on the root pass and final pass of 
a weld. 
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* No welding should be done if there is impingement on the weld area of rain, 
snow, sleet or excessive wind, or if the weld area is frosted or wet. 


Preparation and Welding Procedure for Welded Branch Connections. Branch 
connections (including specially made integrally reinforced branch connection fit- 
tings) which abut the outside surface of the run wall or which are inserted through 
an opening cut in the run wall must be so arranged as to provide a good fit and 
attached by means of full penetration groove welds. 

The recommendations for spacing and location of branch connections contained 
in Pipe Fabrication Institute (PFI) Standard ES7 should be followed.” A good fit 
must be provided between reinforcing rings and saddles and the parts to which 
they are attached. Reinforcing pads, when required, should be added as a subsequent 
fabrication step after visual inspection of the branch-to-header weld. 

When rings or saddles are used, a drilled vent hole, minimum % in (3 mm), is 
provided at the side and not at the crotch of the ring of saddle to reveal leakage 
in the weld between branch and main run and to provide venting during welding 
and heat-treating operations. A pad or saddle may be made in more than one piece 
if joints between pieces have strength equivalent to the pad or saddle parent metal, 
and if each piece has a vent hole. 


Defect Repairs. Weld defects that require repair must be removed. All repair 
welds must be made with the same welding procedure initially used for making the 
original weld. 


Fabrication Tolerances for Welded Piping. A widely accepted tolerance on face- 
to-face and center-to-face dimensions of welding piping is +% in (3 mm). As for 
the location of the flanges, their lateral translation in any direction from the specified 
position should not exceed Me in (1.5 mm). Also, the alignment of flanges should 
not deviate from the specified position, measured across any diameter, by more 
than V& in (0.8 mm). 

The tolerance for flange connections to rotating equipment or other load-sensi- 
tive equipment is typically specified to be much tighter, usually 1⁄2 to Ya in (0.8 to 
0.4 mm) for the maximum translation or rotation of the flange, depending on the 
size of the nozzle connection. 


Bending and Forming. Pipe may be bent by any hot or cold method consistent 
with material characteristics of the pipe being bent and the intended service. It 
may be bent to any radius that will result in a bend arc surface which is free of 
cracks and buckles. However, it is recommended that the centerline radius of pipe 
bends shall be equal to at least three times the nominal pipe diameter, and fabrication 
should be in accordance with ES-24, Pipe Bending Methods, Tolerances, Process 
and Material Requirements, of the Pipe Fabrication Institute.? Tighter bends ap- 
proaching 175 D are possible, such as that obtained with induction bending methods 
with appropriate heat treatment. Specific manufacturing experience and process 
procedures in these circumstances should be reviewed by the process plant owner, 
which is recommended in assessing cost incentives over more conventional pipe 
bends or elbows. Hot bending and forming must be done within a temperature 
range consistent with material characteristics, end use, or postweld heat treatment. 

When pipe must be threaded before bending, forging, or heat treating, all exposed 
threaded surfaces should be protected during heat treatment. 


Heat Treatment. Heat treatment is used to avert or relieve the detrimental effects 
of high temperature and severe temperature gradients inherent in welding, and to 
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relieve residual stresses created by bending and forming. The welding procedure 
qualification describes the necessity for preheating and postweld heat treatment of 
welds (and the temperatures and soaking period to be used) in order to restore or 
obtain the physical properties of the materials (such as strength, ductility, and 
corrosion resistance) needed to satisfy end-use requirements. Specific requirements 
for preheat and post weld heating are provided by Sec. 330 and 331, respectively, 
of ASME B31.3. 

In the case of dissimilar materials, the heat treatment of welded joints between 
dissimilar ferritic metals or between ferritic metals using dissimilar ferritic filler 
metal should be at the higher of the heat treatment temperature ranges specified 
by the Code for the materials in the joint. Heat treatment of welded joints including 
both ferritic and austenitic components and filler metals should be as required for 
the ferritic material or materials. 


Cleaning After Fabrication. Following fabrication, all loose scale, weld spatter, 
slag, sand, and other foreign material should be removed from the piping. Piping 
Fabrication Institute (PFI) Standard ES-5, Cleaning of Fabricated Piping, is an 
acceptable standard for cleaning fabricated piping." Piping is typically painted, at 
least primed, before leaving the fabricating shop (i.e., before it has been erected 
and tested). However, it recommended that all welded joints for buried piping 
systems or for piping within environmentally sensitive areas be left unprimed and 
unpainted for examination during pressure testing. 


Bolting Procedure for Flanged Joints. Proper assembly of bolted joints is as 
important as proper welding in assuring leak-free performance of piping systems. 
Chapter A7 of this handbook provides a detailed discussion of bolted joints. For 
the majority of flanges, it is recommended that specific bolt-up procedures be devel- 
oped, and that field personnel be qualified by assembling one or more joints, in 
much the same way as welding procedures and welder qualifications are handled. 
The selection of the proper technique of tightening the bolts of a flange joint is a 
complex process requiring experience and good engineering judgment. In addition, 
the successful application of any technique requires qualification of the tools to be 
used and the crew.” The following steps are recommended as a general approach 
to flange makeup: 


1. Check studs and nuts for proper specification stamp. Check bolts or studs, nut 
threads, and nut contact face for cleanliness and burrs. Bolts and nuts should 
be cleaned using a wire brush and visually examined after cleaning to ensure 
that they are free from burrs. 


2. Lubricate the bolt and nut threads uniformly on all contact surfaces, including 
the nut-bearing surface contacting the flange, with an appropriate high tempera- 
ture colloidal nickel compound. The use of hardened steel washers is recom- 
mended under the nuts of bolts 1% inch in diameter and larger. 


3. Clean gasket seating surface on flange face using a wire brush (use stainless steel 
bristles on alloy components). Ensure that the surface is free from scratches, dirt, 
scale, remnants of old gaskets, and other protrusions. Flange faces with radial 
scratches or tool marks that form leakage paths should be refaced. 


4. Check the alignment of the two mating flanges in the field to verify that it is 
within accepted fabrication tolerances. Alignment should be achieved by cutting 
and rewelding the pipe where possible. Excessive force should not be used to 
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move flanges into alignment, particularly for piping attached to machinery or 
other load-sensitive equipment. 


5. Visually examine the gasket prior to installation to ensure that it is free from 
defects. Make sure the gasket type, size, and materials of construction are in 
accordance with the specifications. 


6. Insert the gasket between the flanges carefully to ensure proper placement 
(centering in the joint), taking care not to damage the gasket. If absolutely 
necessary to use something to hold the gasket in place, a light spray of adhesive 
can be used. Alternatively, thin cellophane or masking type tape may be used 
on the outside edges of gasket with enough material protruding to allow removal 
during the initial tightening process. Tape should be located with care to avoid 
infringing on the flange face/gasket seating surfaces. 


7. Install bolts and hand-tighten. Tighten bolts with qualified tools, torque or 
hydraulic stud tensioners, and procedures. Tightening of the bolts should follow 
usual crisscross sequential pattern to approximate uniform preload seating of 
the gasket. 


8. A multipass tightening procedure should be implemented to ultimately tighten 
the bolts to the target bolt-preload stress. 


9. Increase torque or hydraulic pressure to 100 percent of the value necessary to 
achieve the desired residual stress level. The majority of flange joints in process 
plants are assembled based on 50 ksi average preload stress using ASTM 
A 193 Grade B7 bolts. However, there are some combinations of flange type, 
rating, and bolting material for which lower bolt stress values are appropriate. 


10. Depending on the critical nature of the flange service, consideration should be 
given to measuring the elongation (stretch) achieved in the bolt to verify the 
target bolt preload has been obtained and relatively uniform for all bolts of 
the flange. The use of bolt elongation measurements should be specifically 
considered as part of the qualification procedures of the boltup methodology, 
tools, and the work crew in achieving the required target preload. 


The completed bolt loading should exert a compressive force of at least twice 
that generated by the internal pressure to compensate for not only the internal 
pressure, but for other factors including bolt and gasket relaxation effects, and 
possible bending loads which are imposed on the flange pair during operation. 

Steel-to-cast iron flanged joints must be assembled carefully in order to prevent 
damage to the cast iron flange. Both flanges in steel-to-cast iron flanged joints 
should be flat-faced and full face gaskets should be used. These joints should be 
made up with extreme care, taking up on bolts uniformly after fitting flanges into 
close parallel and lateral alignment. Flanges that connect piping to mechanical 
equipment, such as pumps, turbines, or compressors, should be fitted up in close 
parallel and lateral alignment prior to tightening the bolting. 


Bell and Spigot Joints in Cast Iron Piping. Bell and spigot joints in cast iron 
piping should be assembled using poured lead or other joint compound suitable 
for the service. Usually each cast-iron bell and spigot joint is packed with hemp, 
poured full of lead (with a minimum number of pours), and then caulked. The 
depression of lead below the face of the bell, after joint caulking, should not exceed 
Ys in (6 mm). Lead wool can be used where it is not permissible to pour lead. 


Threaded Piping. Any compound or lubricant used on threads must be suitable 
for the service conditions and compatible with both the service fluid and the piping 
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materials. Threaded joints which are to be seal welded should be made up without 
any thread compound or PTFE tape. 


Erection of Metal Bellows Expansion Joints. Metal bellows expansion joints 
should be installed as shipped from the manufacturer or compressed for the cold 
condition at erection depending on anticipated direction and magnitude of move- 
ment after the piping reaches operating temperature. The manufacturer's recom- 
mended total travel should preferably straddle the calculated travel. The bellows 
assembly of expansion joints in piping systems should be equipped with a removable 
external steel cover designed to protect the bellows from external mechanical 
damage. The cover should be designed so that it does not prevent the required 
thermal movement of the joint. 


Erection of Valves. The manual operation of principal block and control valves 
should be checked to the extent practicable before they are fully installed within 
the system. In the case of gate valves, this should specifically check that the gate 
travel is in proper contact with the body seats when in the fully closed position. 
Similarly, the closure mechanisms of check valves should be checked to ensure 
good seat alignment and ease of operation. Valve packing glands should also be 
checked for the quality and quantity of packing, and lubricated plug valves should 
be provided with proper lubricant. 


Erection of Pipe Supports and Springs Hangers. In addition to the major supports 
specified by the design drawings, minor supports as found necessary in the field 
should also be installed to prevent undesirable vibration, sag, lateral movement, 
or stresses. Spring hangers and pedestals, including the constant-support type, should 
be checked for proper adjustment of travel and be correctly positioned for the cold 
condition of erection. Springs should be provided with spring travel indicators and 
scales to allow the monitoring of these supports while in service from grade or 
nearby platforms. 


Cleaning of Lines After Assembly and Erection. After the completion of erection, 
scale, dirt, welding electrodes, slag, and other foreign material should be removed 
from the lines. Particular attention should be given to the cleaning of air lines, 
equipment lubricating and seal-oil systems, and compressor, blower, pump, and 
turbine inlet piping. 

All practical precautions should be taken to prevent the introduction of foreign 
matter into pumps, instruments, and other equipment. Cleaning may be accom- 
plished by flushing out the lines. Temporary strainers should be used at pumps 
during the flushing operation unless spools or valves can be conveniently dropped 
out and suitable deflectors provided to prevent refuse from entering the pumps. 
Consideration should be given in dismantling those lines which cannot be adequately 
cleaned by flushing. 


Examination, Inspection, and Testing 


Prior to initial operation, a piping installation should be inspected to the extent 
necessary to assure compliance with the engineering design, and with the material, 
fabrication, assembly, and test requirements of the code. An employee representa- 
tive of the owner should be responsible for this inspection. This examiner may 
delegate performance of any part of the inspection to inspectors who may be 
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employees of his own organization, of an engineering or scientific organization, or 
of a recognized insurance or inspection company. 

A nondestructive examination (NDE) plan should be consistent with service 
severity, incorporating process and mechanical factors. The NDE plan focus should 
be on those pipelines where failure would produce the most harm to personnel or 
property. Some issues that the designer should consider when developing the NDE 
plan are: 


* Service factors: The hazardous natures of flowing media including their degree 
of corrosivity, toxicity, and flammability are some considerations to which the 
designer would want to apply a sound NDE program in order to detect flaws in 
these dangerous streams. 


Mechanical factors: Temperature, pressure, cyclic conditions, thermal bending 
stresses, and vibration can contribute to fatigued and highly stressed lines, which 
are more likely to fail than low stressed lines. Detection and removal of flaws 
can provide additional service life. 


Visual Examination. Visual examination consists of observations by the examiner 
of whatever portions of a component or welds that are exposed to such observation, 
either during or after manufacture, fabrication, assembly, or testing. Sufficient 
materials and components, selected at random, need to satisfy the examiner that 
they conform to specifications and are free from defects. 


Types of Examination. The following types of examination are or may be specified 
by engineering either when required by the Code or considered necessary because 
of special service conditions requiring a high degree of freedom from imperfections. 
If such examination is specified for a weld, it is only required that the weld examined 
be repaired, if necessary, so that the weld imperfections comply with the limitations 
in the Code for the type of examination used. ASME B31.3 requires certain NDEs 
be performed in accordance with the methods described in ASME Sec. V, Nonde- 
structive Examinations.* If supplementary types of examination are specified they 
should be performed after completion of any postheat treatment where required. 
If any of the following types of examination are specified by the engineering design, 
they should be performed to the extent that follows: 


* Magnetic Particle. Magnetic particle examination is essentially a surface-type 
examination, although some imperfections just below the surface are detectable. 
This type of examination is limited to materials which can be magnetized (hence 
it is not appropriate for austenitic stainless steels). An area to be examined by 
magnetic particle examination can be completely examined or examined on a 
random sampling basis, as specified. 


Liquid penetrant examination. Penetrant-type examinations are suitable for sur- 
face examinations only but are very sensitive. The most common case is a red 
dye penetrant with a white developer. 


Random Radiography. X-ray or gamma ray method radiography may be used. 
The selection of the method should be dependent upon its adaptability to work 
being radiographed. When random radiography of welds is specified by the engi- 
neering design, it should be done on the number of welds designated. The engi- 
neering design shall specify the extent to which each examined weld should be 
radiographed. Random radiography may also be used for examination of piping 
components such as a valve or fitting to any extent specified by the engi- 
neering design. 
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* 100 percent Radiography. If 100 percent radiography is specified for welds in 
piping, each weld in the piping shall be completely radiographed. 


¢ Ultrasonic Examination. Ultrasonic examination is used in piping for the detec- 
tion of defects in welds and materials as well as for determining material thickness. 
The ability of UT to detect discontinuities depends a great deal on the part 
geometry and defect orientation. Therefore, the search technique must be care- 
fully chosen to assure that it will cover all possible defect orientations. 


Hardness Tests. The extent of hardness testing required shall be as specified by 
Code or by the engineering design, considering the severity of the service, type of 
material, and other pertinent factors. 


Pressure Tests. Prior to initial operation, piping must be pressure tested to assure 
leak tightness. If repairs or additions are made following the pressure tests, the 
affected piping is retested, except that in the case of minor repairs or additions the 
owner may waive retest requirements. The pressure test is maintained for a sufficient 
time to determine whether there are any leaks but not less than 10 minutes. 

Water is commonly used as the test fluid, except when there is a possibility of 
damage due to freezing, or if the operating fluid or piping material would be 
adversely affected by water. If hydrostatic testing is not considered practical, a 
pneumatic test using air or another nonflammable gas may be substituted. However, 
pneumatic testing involves the hazard of released energy stored in compressed gas. 
Particular care must therefore be taken to minimize the chance of brittle failure 
during a pneumatic leak test. Test temperature is important in this regard and must 
be considered when the designer chooses the material of construction. 

Hydrostatic Pressure Tests. Hydrostatic tests are conducted at 1.5 times nomi- 
nal design pressure, adjusted for temperature, per the following equation from 
ASME B231.3: 


S 
Pr = LSP = 


where P; = minimum test gage pressure 
P = internal design gage pressure 
Sr = allowable stress value at test temperature 
S = allowable stress value at design temperature 


If the test pressure as defined in the preceding equation would produce a stress 
in excess of the yield strength at test temperature, the test pressure may then 
be reduced to the maximum pressure that will not exceed the yield strength at 
test temperature. 

Test Preparation. All joints, including welds, are to be left uninsulated and 
exposed for examination during the test. If a joint has been previously tested in 
accordance with the code it may be insulated or covered. Piping designed for vapor 
or gas shall be provided with additional temporary supports, if necessary, to support 
the weight of the test liquid. 

Expansion joints shall be provided with temporary restraint, if required, for the 
additional pressure load under test or shall be isolated from the test. 

Equipment which is not to be included in the test should be either disconnected 
from the piping or isolated by valves or blanks. If a pressure test is to be maintained 
for a period of time and the test liquid in the system is subject to thermal expansion, 
precautions must be taken to avoid excessive pressure buildup. 
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All pressure gages, gage glasses, flowmeter pots, liquid level float gages, and 
all other pressure parts of instruments, together with the piping connecting the 
instruments to the main piping, should be included in the hydrostatic test. Relief 
valves and rupture disks should not be subjected to the pressure test. 

Pneumatic Testing. If piping is tested pneumatically, the test pressure is set 
at 110 percent of the design pressure, which is considerably less than the test 
pressure required by ASME B31.3, if tested hydrostatically. Pneumatic tests include 
a preliminary check at the lesser one-half the test pressure or 25 psig (172 kPa), 
and the pressure is then increased gradually in steps providing sufficient time to 
allow the piping to equalize strains during the test and to check for leaks. Again, 
particular care must be taken to minimize the chance of brittle failure during a 
pneumatic leak test. 

Test Records. Records must be made of the tests, including date of test, identi- 
fication of piping tested, test fluids, test pressure, and approval by inspector. 
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Refractory Lined Pipe 


Often elevated temperature pipelines or systems in erosive fluid solids service can 
be candidates for refractory lined piping systems. A principal application of refrac- 
tory lined piping systems can be found in catalytic cracking units typical of most 
large refineries. A catalytic cracking (Cat) unit brings together a heavy feed and 
an active catalytic agent to produce lighter, more valuable petroleum products." 
Catalytic cracking combines the action of heat and a catalyst to produce higher 
yields of motor fuels and other valuable products. In typical Cat units, the catalyst 
is fluidized and continuously circulated between a reactor vessel operating at around 
1000°F (538°C) and a regenerator vessel where carbon is burned off the catalyst at 
about 1300°F (704°C). Operating pressures are usually well below 100 psig (690 
kPa). The vessels and interconnecting reaction and regeneration piping are all 
refractory lined because of the economic material advantages that can be gained 
by applying thermal insulation on the inside of the vessel and pipeline rather than 
on the outside when very high operating temperatures are involved. Some of the 
immediate advantages include: 


* Pipe wall (pressure boundary) temperature is considerably lower, thereby, 
allowing the use of lower alloy or carbon steel material at higher allowable 
stresses. In fact, process developments continue to push design temperatures to 
higher limits, upwards of 1300°F (704°C) and beyond, where refractory lined 
equipment and piping is the only feasible alternative to allow operation at these 
temperature extremes. 


Decreased thermal expansion will allow a tighter piping layout. However, as will 
be discussed in subsequent text, the refractory lining will significantly increase 
the stiffness of the pipe system, which needs to be considered in the thermal 
flexibility of the piping involved. 


Another advantage of refractory lined systems is the potential for improved 
erosion resistance, relative to bare steel, which is an important feature when 
fluidized solids processes are involved as in the case of Cat units. 
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These factors affect lower installed cost. The economic advantage becomes 
increasingly significant as temperatures, pressures, and pipe sizes increase. 

The design of internally lined pipe entails a number of unique considerations. 
First, the effect of the process fluid on the thermal conductivity of the refractory 
needs to be considered. Low molecular weight gases, such as hydrogen, tend to 
permeate refractory linings. Influencing parameters include pressure, temperature, 
refractory density and composition, application techniques, and refractory cell struc- 
ture. Empirical correction factors based on field experience have been developed 
for various processes and combinations of refractory types. 

Selection of appropriate lining materials and design details are important to 
ensure a properly functioning system. Depending on service conditions, either a 
single layer or dual layer lining can be used. Some designs are depicted in Figs. 
C7.8, C7.9, and C7.10. 
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FIGURE C7.8 Single layer refractory lining for clean service. 


An advantage of the dual layer is that the internal layer can be made of a 
relatively dense refractory with good strength and erosion-resistance properties 
without concern for insulating values. This thickness should be sufficient to prevent 
through-wall cracking and should reflect the minimum required for the anchoring 
detail specified. 

The outer layer next to the pressure boundary pipe wall can be a light-weight 
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FIGURE C7.9 Dual layer refractory lining for erosive service. 


C.358 PIPING SYSTEMS 


EXTERNAL CARBON OR LO-ALLOY n i 


REFRACTORY 
LIGHT WEIGHT 
ANCHORS . INSULATING 
REFRACTDRY 


QOL 


SOLES 
SRO) 


| DENSE EROSION RESISTANT 
| REFRACTORY 


INSIDE DIAMETER 
FIGURE C7.10 Dual-layer refractory lining for hydrogen-bearing streams. 


refractory with good insulating properties to provide maximum temperature reduc- 
tion. Various schemes for refractory installation have been used for dual-layer 
linings. See Figs. C7.9 and C7.10. 

While the advantages of refractory lined pipe are quite apparent, the lining will 
significantly increase the stiffness of the piping. The stresses in the pipe will be 
higher, but more important, there will be much higher reaction loads at all equipment 
connections and thermal expansion restraints. The thermal flexibility analysis of 
refractory lined pipe is relatively complex and will typically require the use of 
computer tools with experimentally determined influence factors to account for the 
increased stiffness and line weight attributed to the refractory lining. 

Typical applications for refractory lined steel shell transfer lines are again found 
in process applications when high temperatures, greater than 1000°F (538°C), and 
significant flow rates (and corresponding large diameter pipelines) are concurrent 
design parameters. In addition to catalytic crackers, there are other refinery services 
where high temperature fluid solids are involved, such as fluidized cokers and 
catalytic reformer processes, which will use refractory lined equipment and piping. 
Many such lines, for example, can be found in large refinery operations with diame- 
ters of NPS 60 (DN 1500) and larger that typically carry flue gases from regeneration 
vessels, cokers, and crackers. Transfer lines from certain thermal cracking type 
heaters are also typically refractory lined. 


Jacketed Pipe 


Jacketed pipelines (see Fig. C7.11 for typical construction) are commonly employed 
for conveyance of certain fluids in process facilities where external heating (usually 
by steam or other heating fluids) is required to maintain process temperatures 
under very controlled conditions. Process fluids that require stringent temperature 
control (i.e., molten sulfur) are good candidates for jacketed pipe applications. 
Molten materials (i.e., polymers) where high temperature maintenance is required 
are also candidate applications for jacketed pipe construction. 

The advantages afforded by jacketed pipeline construction over other (i.e., trac- 
ing) heat transfer methods can be briefly described as: 


* Uniformity of heat input around circumference of process pipe 


* Tighter temperature control over entire pipeline length 
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FIGURE C7.11 Heat transfer jacketed pipe. 


* Elimination of “cold spots" that may cause process fluid degradation or local- 
ized freezing 


Various heating media are used for temperature control of the process fluid. 
Liquid and vapor phase fluids are employed, each with their own specific advantages 
and design requirements. 


Liquid Phase. As shown by Fig. C7.12, liquid-phase jackets are considered as 
circuits each having its own valved supply and return connections from the pipe 
header. The number of jackets included in a circuit is a function of heating medium 
heat loss, pressure drop through the jacket circuit, and position and location of the 
piping. As indicated in Fig. C7.12, fluid supply is introduced at the lowest tapping 
of a jacketed part; passes through the jacket and exits at the highest jacket tapping. 
This method of piping continues for the length of the circuit. Jumpers, as shown 
by Fig. C7.13, are used to carry the liquid across flanged connections. The fluid is 
then returned to the heater via the return header and a new connection from the 
supply main feeds the next circuit. Temperature of any circuit is controlled by 
throttling the quantity of fluid flowing to the jackets. 


Vapor Phase. The number of jacket sections heated with a condensing vapor in 
any one circuit has the same considerations as liquid heating mediums. Unlike 
liquid phase heat transfer fluids, a jacketed pipeline heated with a condensing vapor 
(see Fig. C7.14) requires that the vapor inlet pipe be connected to the uppermost 
jacket tap rather than the lowest tap as in liquid heating. Jump overs, as shown by 
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JACKET PIPE 
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FIGURE C7.12 Jacket liquid phase—circuitry. 


Fig. C7.15, carry vapor to the top of each section or flanged joint. The condensate 
is drained from each section or flanged joint, collected, and piped to a trapped 
common return header. Low pressure steam is typically the heating media of choice 
for most vapor jacketed piping systems. 

Jacketed pipeline construction details vary depending upon process factors. 
When maximum heat transfer is desired, a full jacket is used (where the jacket pipe 
is welded to the back of oversize flanges). This technique will minimize any potential 
cold spots. Partial jackets are used for those services where product contamination 
or danger of hazardous conditions could arise if product and heating media could 
mix, or where temperature control is not critical and localized cold spots would 
not be detrimental to pipeline performance. 

The design of integral jacketed piping needs to consider the increased stiffness 
resulting from the addition of the external jacket. As previously discussed for 
refractory lined systems, this will require sophisticated piping flexibility analyses 
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FIGURE C7.13 Jumper—liquid phase jacketed pipe. 
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FIGURE C7.14 Jacket vapor phase—circuitry. 


to properly determine piping thermal flexibility stresses and imposed equipment 
loads that account for the increased stiffness of the integral jacketing construction. 
Nonintegral or strap-on jackets are usually employed to provide a means of heat 
transfer to a pipeline component that may not be adaptable to integral jacketing 
(e.g., valve bodies). In all cases, the heat transfer distribution circuitry must be 
properly designed and installed for satisfactory performance. 
Vacuum jacketed piping systems are employed to transfer cryogenic temperature 
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FIGURE C7.15 Jumper—vapor phase jacketed pipe. 
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process fluids. The vacuum is established to minimize heat gain from the atmosphere 
to the cryogenic fluid. With the addition of external insulation little heat gain and 
resulting fluid vaporization will be realized. Cryogenic systems piping is covered in 
depth in Chap. C8 of this handbook. 


Plastic Lined Pipe 


Internal plastic liners are available in numerous materials that can be selected for 
use for a specific media. Some lining materials that are commonly used include PP 
(polypropylene), PVDC (polyvinylidene chloride), PTFE (polytetrafluoroethylene), 
FEP (perfluoro (ethylene-propylene) copolymer), ETFE (ethylene-tetrafluoroeth- 
ylene), PFA (perfluoroalkoxy), and PVDF (polyvinylidene fluoride). Refer to Chap. 
B12 for details on plastic lined piping. 

The properties of plastic-lined piping components permit these materials to be 
considered for the transportation of a variety of combinations and concentrations 
of fluids that are often very aggressive in normal steel piping systems. Corrosion 
resistance is clearly a prime consideration for use of plastic-lined piping. However, 
there are other applications where plastic lined piping might be considered, including 
the following: 


* Maintenance of process fluid purity, such as the processing of food products. 
* Water treatment facilities and laboratory waste disposal systems. 


* For secondary containment of dangerous, flammable, or environmentally damag- 
ing liquids. Because of its steel outer shell construction, the lined pipe will remain 
structurally self-supporting at higher temperatures and is less likely to rupture 
than solid plastic pipe. 


Thermoplastic and thermoset resin piping systems are described in some detail 
in Part D, “Nonmetallic Piping,” of this handbook. Since these materials are not 
inherently fire safe, their application in typical refinery and chemical plant processes 
is very limited. 


Glass and Glass-Lined Pipe 


Borosilicate glass is used for specific piping services in the chemical and pharmaceuti- 
cal industries. Some advantages afforded by glass piping are: 


* Outstanding corrosion resistance for a variety of aggressive chemicals 
* Smooth, pore-free surface 
* Transparency 


* Lack of product contamination effects, including those affecting taste, odor, 
and color 


* Inertness 


Glass lined piping components offer much of the same advantages afforded by 
solid glass piping and offer secondary containment, increased resistance to shock 
loads, and installed economics compared to other corrosion-resistant systems. The 
glass lining is extended from the pipe bore to cover the gasket seating areas of 
flanges. Gasket materials are typically limited to nonmetallic sheet gaskets suitable 
for the service to minimize compression seating forces exerted on the glass lined 
flange face. 
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SYSTEM LAYOUT CONSIDERATIONS 


Piping arrangement and layout is discussed in depth in Chap. B3 of this handbook. 
This section will provide some important considerations in the design and layout 
of several of the more common types of piping systems found in process plants. 


General Piping Arrangement 


A general rule in piping layout is that lines should be located in as neat and orderly 
a manner (in groups or banks whenever practicable) as is consistent with economical 
design, pressure loss considerations, and satisfactory supporting arrangements. With 
the exceptions of water, drainage, and pumpout lines, the accepted practice on a 
process unit is to run the piping overhead, providing 7 ft (2.2 m) or more of clear 
headroom over walkways and platforms. Piping in a process unit should not be 
located at grade, especially in areas where frequent personnel traffic is likely. 

All piping and equipment requiring regular attention of the operating and main- 
tenance personnel should be readily accessible. Also, adequate clear working spaces, 
typically having a minimum width of 3 ft (1 m), should be maintained around 
equipment such as pumps, heat exchangers, control valves, instruments, and tower 
manways, which require frequent servicing. Consideration should be given to provid- 
ing lateral and vertical clearance for the use of motorized materials-handling and 
crane equipment in maintenance work. To the extent practicable, principal valves 
should be located so they may be replaced and operated from grade, permanent 
platforms, or small portable platforms. If the bottoms of the handwheels are more 
than 6 ft above a platform or grade level, or if otherwise inaccessible, the valve 
should be equipped with extension stems or chain operators. 

High temperature lines in a process plant pose problems for other piping and 
equipment. For example, hot lines, with temperature higher than 100°F (38°C), 
should be routed so as to avoid electrical conduits. Steam and condensate should not 
be discharged into the ground in the vicinity of electrical conduits. Lines containing 
corrosive chemicals should not be located near hot lines or other sources of heat. 


Pressure Vessel (Reactors/Towers/Drums) Piping 


The piping designer is cautioned that often limitations concerning piping connec- 
tions at vessels are detailed in Sec. VIII of the ASME Boiler and Pressure Vessel 
Code. This would typically include piping between the vessels protected by the 
same relief valve, and piping between a vessel and its pressure relief safety valve. 
The piping designer should coordinate piping requirements with the vessel designer 
to achieve the optimum nozzle locations. 

In the case of tall vertical reactors and most towers, the piping will be supported 
directly off the vessel as shown, for example, by Fig. C7.16. For economy and ease 
of support, piping in these situations should drop or rise immediately upon leaving 
the tower nozzle and run parallel along the side of the vessel as close as reasonably 
possible to limit wind-imposed loadings to the vessel nozzles. Thermal flexibility 
provisions will need to consider the differential thermal expansion between the 
vessel shell and the piping being supported. 

Connections off the bottom head of skirt supported vertical vessels should locate 
the nozzle flange outside of the skirt. This minimizes the possibility of flange leakage 
within the confined spaces of the vessel skirt. Hence, bottom nozzles are usually 


FIGURE C7.16 Typical tower piping layouts. 
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angled in these cases to locate the nozzle flange just outside of the skirt. Piping 
flange connections in general should be avoided within the vessel skirt. 

The location of isolation valves should consider the possible rupture of a line 
connected below the vessel liquid level (or to the dense phase in a fluid-solids 
vessel), which could drain the vessel unless there was a valve to stop the drainage. 
In deciding whether these valves are needed, the likelihood of mechanical damage 
to the line will be the prime consideration. Small lines, NPS 2 (DN 50) and smaller, 
are obviously more susceptible to damage than large lines, and hence are most 
often supplied with suitable isolation valves. 


Compressor Piping 


Special precaution is necessary in the design and fabrication of the piping at or 
near compressors, especially for reciprocating compressors, to reduce fatigue fail- 
ures. This piping should be designed to have the minimum of overhanging weight. 
This is mostly a problem with high pressure compressors, where valves are very 
heavy. Butt welding fittings should be used wherever practical, and fit-up should 
be accurate. Braces should be provided as needed to reduce vibration, and consider- 
ation should be given to grinding all welds to remove surface discontinuities. 


Reciprocating Compressors. Means to reduce excessive surge and vibration should 
be provided as necessary in the suction and discharge lines of all reciprocating 
compressors, and located as close as practical to the compressor. In the case of 
most reciprocating process compressors, pulsation suppression devices are installed 
at the suction and discharge flanges of each compression stage. Pulsation suppressors 
are not typically required at the air intake suction of an air compressor, or at the 
interstage of an integral interstage cooler unless pulsations are expected to occur. 
Where surge chambers are provided, the connecting pipe should extend into the 
bottom of the chamber. 

The need for detailed pressure pulsation analysis and for acoustic simulation and 
mechanical vibration analyses should be considered for reciprocating compressor 
systems to confirm the acceptability of proposed suction and discharge piping layouts 
and support/restraint locations needed to contain the pressure pulsation vibrations 
generated by the compressor. The composite compressor piping system needs to 
be designed so that it avoids acoustical natural frequencies in the system which 
coincide with the natural mechanical frequencies of the piping or the lower range 
of compressor harmonic frequencies. Special hold-down supports and thermal 
expansion restraints are typically required for reciprocating compressor piping sys- 
tems even with pulsation bottles installed off the suction and discharge nozzles of 
the compressor.” Acceptance criteria for nozzle loads are provided by API Standard 
618, Reciprocating Compressors for Petroleum, Chemical, and Gas Industry Ser- 
vices.” 


Centrifugal and Rotary Compressors. A check valve should be installed in the 
discharge line from any centrifugal or rotary compressor discharge into a system 
from which the fluid may flow backward through the compressor. The check valve 
should be located as close as possible to the compressor. 

When a compressor takes suction from a header, the suction lateral should 
preferably be connected to the top of the header. However, if the lateral is at least 
one pipe size smaller than the header, it is permissible to make a centerline connec- 
tion to the side of the header. Temporary screens should be provided for initial 


C.366 PIPING SYSTEMS 


compressor start-up and should be located as close as possible to the compressor 
unless permanent screens or filters are installed immediately adjacent to the com- 
pressor. 

The flow characteristics of centrifugal compressors should be investigated to 
determine whether devices are required to prevent surging during start-up. Knock- 
out drums should be provided upstream of all compressors except those which 
handle gases with no possibility of condensate being formed. That is, most air and 
nitrogen compressors do not require knockdown drums. Compressor suction lines 
between the knockdown drum and the compressor should be as short as possible, 
without pockets, horizontal, and sloped toward the compressor. Also, for wet gas 
compressors, this portion of the suction line should be insulated. It may require 
auxiliary heating in the form of heat tracing to prevent condensation. Where the line 
between the knockdown drum and the compressor is long, low points in compressor 
suction lines should be provided with drains to remove any possible accumulation 
of liquid. If the suction line normally operates under vacuum conditions, all drains 
between the knockdown drum and the compressor should discharge into the knock- 
down drum. 

Compressor discharge piping should be analyzed for flexibility under thermal 
load resulting from the heat of compression. Flexibility analyses will be needed for 
all centrifugal compressors to confirm the acceptability of the combined loads 
imposed on the compressor nozzles in accordance with the requirements of API 
617, Centrifugal Compressors for Petroleum, Chemical and Gas Industry Services." 
This standard also provides acceptance criteria for axial compressor piping. 

The fabrication of suction and discharge piping requires stringent flange align- 
ment tolerances at the compressor nozzle connections to avoid excessive loads 
imposed on the machine. Maximum permissible flange rotations and lateral transla- 
tion tolerances of V& in (0.4 mm) is not uncommon for this purpose, which can 
represent a challenge for relatively large [equal to or greater than NPS 12 (DN 
300)] suction and discharge piping. 


Pump Piping 


Permanent strainers should be provided upstream of pumps handling streams which 
are likely to contain foreign material such as sand and scale. Temporary strainers, 
preferably of the cone type, should be provided for initial unit start-up where 
permanent strainers are not provided, and should be located as close as possible 
to the pump suction nozzle. A block valve should be provided in the suction line 
of each pump and located upstream of the strainer. For dirty streams, where two 
or more pumps take suction from a single header, the block valves should be located 
as close as is practical to the header to minimize the collection of dirt upstream of 
the valve. 

A block valve should be provided in the discharge line of each pump. A check 
valve should be installed in the discharge line of each centrifugal or rotary pump 
unless there is no possibility of a reversal of flow or pressure surge under any 
condition. The check valve should be located between the pump and the block 
valve with a drain between the block and the check valve. 


Pump Piping Layout Considerations. Most pump installations in process plants 
have spare units to assure continuous operations by switching to a standby pump 
if required for maintenance. Pump piping, especially for high temperature service, 
generally represents one of the more difficult systems to design for thermal flexibility. 
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FIGURE C7.17 Typical piping layout for spared pump service. 


A typical piping layout for the suction of a 3 centrifugal pump system is shown in 
Fig. C7.17. The piping design needs to consider the various operating scenarios 
possible between operating and idle pumps, along with all pumps operating simulta- 
neously. Thermal flexibility analyses of this system will need to consider all of these 
operating cases to confirm the acceptability of the worst scenario reaction loads 
imposed on the pumps. This needs to consider simultaneously acting operating or 
standby temperatures for each of the pump piping branches. 

Nozzle load limits must be satisfied for combined thermal, dead weight, and 
friction loads. Spring supports are often needed near the pumps to reduce the dead 
weight loads on the nozzle connections. Directional restraints (e.g., axial limit stops 
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and lateral guides) are also typically needed to prevent excessive thermal and 
friction loads on the pumps to control thermal expansion loads imposed on the 
pumps. Recommended acceptance criteria for nozzle reaction loads imposed on 
centrifugal pumps is covered by API Standard 610, Centrifugal Pumps for Petroleum, 
Heavy Duty Chemical, and Gas Industry Service.? And, in the case of reciprocating 
pumps, acceptance criteria is provided by API Standard 674, Positive Displacement 
Pumps—Reciprocating.* 

As in the case of compressors, flange alignment between mating pump nozzle 
and piping flanges is very important and must be achieved to close tolerances to 
avoid excessive loads imposed on the pump. Concerns in this regard can lead to 
coupling misalignments between the pump and its driver, which can result in op- 
erating and subsequent maintenance problems. 


Warm-up of Standby Pumps. Pumps that may be idle during plant operations 
and need to be started quickly should be provided with warm-up lines if pump 
design temperature exceeds 450°F (232°C), or if the process fluid will solidify at 
ambient temperature. The purpose of these warm-up lines is to eliminate undesirable 
thermal effects on lines and equipment and plugging of idle pump and piping 
materials. A typical warm-up line consists of an NPS 94 (DN 20) valved bypass 
around the pump discharge block and check valves. The standby pump should be 
kept near to operating temperatures by opening the warm-up lines and by providing 
a suitable bypass around the discharge block and check valves to permit a small 
flow back through the idle pumps. 

If the process fluid will solidify at ambient temperature, and the suction and 
discharge lines are not heated and insulated, an additional NPS 3⁄4 (DN 20) valved 
bypass should be provided from the discharge lateral to the suction lateral and the 
header side of the valves. When the pump is removed from service, these laterals 
should be kept at operating temperature by opening this bypass valve to permit a 
small flow. The above warm-up lines should be heat-traced if the process fluid will 
solidify at atmospheric temperature. Pump systems with warm-up lines should be 
checked for adequate flexibility for the differential expansion between the pump 
discharge line and the warm-up line. 


Low-Flow Protection. When the discharge line contains a quick-closing valve, 
the necessity for shock-absorbing equipment should be investigated if the closing 
time of the valve cannot be increased to a safe level. Where a remotely located 
valve can be closed against the pump and the pump does not shut off automatically 
or cannot be shut off immediately, a recirculating line should be provided from the 
pump discharge back to the point of suction. The purpose of recirculating the fluid 
is to prevent damage to the pump due to overheating. A low-flow protection system 
should be installed for pumps expected to operate at a flow less than the minimum 
continuous stable flow or minimum continuous thermal flow as defined by API 610. 
The minimum size of the recirculating line should be NPS % (DN 20). The line 
should be equipped with at least one gate valve and an orifice sized to restrict flow 
to the minimum pumping rate of the pump. 


Fired Heater Piping 


Piping of interest for fired heaters consists of the inlet feed and outlet transfer lines 
typically from the radiant section. It also includes piping to and from convection 
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section headers or cross-overs between the convection and radiant sections. Decok- 
ing piping systems and burner fuel lines are also of interest. 

The design of principal inlet and outlet piping for large heaters usually needs 
to consider the thermal expansion, and restraints and supporting details, of the 
main inlet and outlet collection headers for the radiant section tubes. The thermal 
expansion movements of these components need to be reflected in the thermal 
flexibility analyses of the connecting piping, or better yet, to incorporate the headers 
in the analysis of the system. Spring supports are often required for this piping 
because of the relatively high operating temperatures and resulting thermal 
expansion. 


Steam-Air Decoking. Permanent steam-air decoking methods for cleaning coke 
buildup from heater tube internal surface connections should be considered on 
heaters requiring frequent decoking and where installation of a temporary steam 
air header would necessitate considerable dismantling of the process piping. On 
heaters with parallel coils (passes), blanks are required to separate the coils for 
decoking connections. Dropout spools or blanks should be provided for all decoking 
operations which are also installed for steam out. The alternate to steam air decoking 
is to provide sufficient flanged fittings for mechanical decoking. Thermal flexibility 
analyses of furnace transfer lines should consider the decoking line connections if 
permanently piped and checked for both normal operation and decoking. 


Fuel Gas Burner Piping. All fuel gas supplied to heaters should pass through a 
dry drum which is located as close as practical to the heaters. The supply main, the 
branch lines, and the distribution headers between the dry drum and the heater 
should be pitched downward in the direction of flow and be without pockets. If 
this is not possible, a condensate leg with a valved and plugged drain connection 
should be provided at the low point. Branch lines should be connected to the top 
of the header. A remotely controlled or a remotely located block valve should be 
provided in the supply line of each heater. Wherever heater outlet temperatures 
are controlled by regulation of the fuel supply, automatic fuel-regulator valves 
should be provided upstream of the distribution header. Each gas burner should 
be supplied with a steel shutoff valve installed in a position such that a person 
operating the valve will not be in close contact with the aspirator. 


Fuel Oil Burner Piping. For heaters using fuel oil, the burner oil piping system 
generally consists of a burner oil storage tank, a burner oil pump and oil supply 
main with a strainer, branch line to each heater, a distribution header at the heater, 
and an oil return main back to the storage tank. Circulating fuel oil lines should 
be sized to carry 200 percent of the maximum design fuel load of the heater. A 
remotely controlled or a remotely located block valve should be provided in the 
supply main or in the branch lines to each heater, and shutoff valves should be 
provided between the firing valves and the headers. Fuel-oil lines should be sloped 
from the burner shutoff valves toward the burners to provide natural drainage. A 
pressure-reducing valve should be installed as close to the heater as practical and 
upstream of the burners to regulate the pressure at the burners. A recirculating 
bypass should be provided between the branch line to the distribution header and 
the return branch line from the distribution header. 

The atomizing piping system used in conjunction with the burner oil consists of 
a branch line from a live steam main, and a distribution header around each burner. 
Branch lines should have a capacity of approximately twice the combined steam 
requirements of all burners supplied by the branch. Steam traps should be provided 


C.370 PIPING SYSTEMS 


on the atomizing steam header where necessary to prevent water from reaching 
the burners. 


Heat Exchanger Piping 


Shell and tube, double pipe, plate frame, and air-cooled type heat exchangers are 
all well utilized in most process plants. Piping systems for these exchangers, espe- 
cially for air-fin coolers, require particular attention to confirm the acceptability of 
imposed nozzle loads. 

Generally, bypass piping around exchangers is provided for temperature control 
and to allow cleaning during operation of the rest of the process unit. There may 
be cases when the increase in operating efficiency resulting from cleaning or repair 
during the operation of the rest of the process unit would justify the cost of installing 
a bypass. Block valves need not be provided on the process side of the exchanger 
except where the valve is needed for flow control or where the exchanger may be 
bypassed while the unit is running. Typically, streams which are to be heated should 
enter at the bottom of the exchanger, and streams to be cooled should enter at the 
top of the exchanger. 


Air-Fin Cooler Exchangers. The inlet and outlet piping to air-cooled exchangers 
can represent a significant design challenge, especially for large multibundle units 
operating at relatively high temperatures. Figure C7.18 shows two typical ap- 
proaches for the design of piping manifolds for air-cooled heat exchangers, which 
use different layouts for the lateral connections (flexible versus stiff lateral designs) 
between the air-cooled header and the manifold headers. Both approaches need 
to satisfy the requirements of API Standard 661, Air-Cooled Heat Exchangers for 
General Refinery Services, for imposed reaction loads to the header nozzles.“ 

With flexible laterals, the differential thermal expansion between the individual 
air-cooled heat exchanger bundles and the connecting manifold header is accommo- 
dated by providing sufficient flexibility in each of the piping laterals. The thermal 
movements of the air-cooled exchanger bundles must be considered. The bundles 
are usually anchored at the inlet header to control the direction of the tube axial 
expansion. 

With stiff laterals, a single manifold has short, stiff connections to the air-cooled 
exchanger. The bundles are allowed to move laterally to accommodate the axial 
thermal expansion of the piping manifold header. The lateral nozzle connections 
must be as short as possible to move the air-cooled bundles without overstressing 
the nozzles or the manifold connections. The flexibility analysis of this approach 
is relatively complex since it must consider the restraining effect of friction in 
attempting to move the bundles laterally. It also must consider the stiffness effects 
of the exchanger tubes, which resist the free lateral movement of the bundles. 

The stiff laterals approach will typically result in lower material costs. However, 
this approach requires special construction procedures to achieve proper fit and 
alignment between the header nozzles of all the exchanger bundles. This typically 
requires the field fabrication of the manifold and the laterals directly off the installed 
air-cooled exchangers. There also needs to be sufficient clearance between air- 
cooled headers and side frames to allow for the thermal expansion of the manifold. 


Other Exchangers. A pipe spool, elbow, or some such removable piece (other 
than the block valve) should be provided adjacent to the channel section of any 
exchanger which will be opened while the unit is in operation. Lines to condensers 
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A. Flexible Laterals Approach for Typical Air-Cooled Exchanger Inlet Manifold 


* Design permits independent 
movement between air-cooled 
exchanger bundle andpiping manifold 


* One end of exchanger bundle is 
typically anchored to control the 
direction of tube expansion. 
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B. Stiff Laterals Approach 
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* Bundies designed to slide in lateral direction to take up thermal expansion of the manifold. 

* Make lateral connections, L, as short as possible so relatively stiff to avoid overstress in 
forcing header movement. 

* Check for adequate clearances between the air fin header and side frames. 

* Field fabrication of the manifold and laterals is usually required because of the short multiple 
nozzle connections off the air-cooled exchangers. 
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FIGURE C7.18 Alternative design layouts for air-cooled exchanger manifiolds. 


should be sized to provide sufficient velocity to carry condensed liquids along with 
the vapors. Pockets must be avoided in these lines. 

Heat exchanger lines which enter or leave the exchanger from a bottom nozzle 
need to be supported in such a way that the vertical expansion of the line between 
its first support and the exchanger does not overload the nozzle connections. The 
preferred layout design locates the first line support at about the same elevation 
as the midpoint of the heat exchanger saddle support. This balances the thermal 
expansion between the exchanger and the first pipe support. 


Storage Tank Piping 


The loads transmitted from piping to shell nozzles of large-diameter storage tanks 
are a major concern for tank designers. The loads which must be considered in the 
design of principal piping connections to tank nozzles include the following: 
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* Tank shell radial movements and nozzle rotations while filling and emptying a tank 
* Design pressure of the pipe 

* Thermal expansion of piping 

* Differential settlement between the tank and the piping supports 

* Weight of piping, valves, and contents 


Stresses in the pipe caused by these load combinations should satisfy the ASME 
B31.3 Piping Code. Moment loads and resulting local stresses should also be checked 
in the tank nozzle and its connection to the tank, as covered by API Standard 650 
for Atmospheric Storage Tanks.5 

Figure C7.19 provides some examples of typical piping configurations that deal 
with the load conditions discussed in this section. For most systems, there is an 
advantage in locating the first horizontal bend of the line as close as possible to 
the tank nozzle. This provides for tank shell nozzle rotation through torsion in the 
leg of horizontal piping after this first bend. Depending on the level of predicted 
tank settlement, which can approach 12 in (305 mm) or greater over the life of the 
tank, spring hangers may be required for the supports nearest to the tank. 

Process unit feed tanks should have separate filling and discharge piping systems 
to avoid sending slugs of water to the process units. Separate discharge and suction 
connections are specifically required if it is necessary to have facilities for recircula- 
tion or blending and there is no mixer in the tank. Block valves should be provided 
on all nozzle connections below the tank liquid level. Filling lines for tanks containing 
flammable fluids should discharge near the bottom of the tank without free fall 
because of the danger of static electricity being created. 


Rack Piping 


A pipeway is the space allocated for routing several parallel adjacent pipelines 
within process plants. A pipe rack (see Fig. C7.20) is the structure employed for 
carrying the pipelines and electrical and instrument trays. The pipe rack is usually 
constructed of steel or concrete frames called bents, on top of which the pipeline 
rests. 

Pipe racks are necessary for arranging the process and service pipelines through- 
out the plant, and they are used in secondary ways; principally to provide a protected 
location for auxiliary equipment, pumps, utility stations, manifolds, and fire fighting 
and first-aid stations. Lighting and other fixtures can be fitted to the pipe rack 
columns. Air-cooled heat exchangers are often supported above pipe racks for 
economy of plot space. 

Some other considerations when arranging piping on pipe racks are: 


* Place utility and service piping on upper level of double-deck pipe racks. 
* Do not run piping over columns as this will prevent adding another level. 


* Locate large liquid-filled pipelines near columns to reduce bending stresses on 
pipe rack beams. 


* Allow space for future piping systems; usually about 25 percent of final width. 

* Electrical and instrument trays are best placed on outriggers or brackets to prevent 
interference with pipes leaving the pipe rack. 

* Adjust elevation (up or down) of horizontal lines when making a change in 
direction. This will avoid blocking space for future lines. 
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A. Torsional Pipe Z-Bend Layout 


Tank 


Provides for Dike 
nozzle rotation through 
torsion in this leg. This 
configuration minimizes 
need for spring supports. 


Vertical deflection due to tank 
shell/nozzle rotation. 
(Horizontal deflections due to 
thermal expansion not shown). 


Spring Supports 
B. Conventional Pipe Loop Layout (typical) 


Deflected shape due to nozzle rotation. 
(Horizontal deflections due to thermal 
expansion not shown). 


Dike 


C, Extended Leg Pipe Layout Spring Supports 


(typical) 
Tank 


Dike 


Deflected shape due to nozzle rotation and 
differential tank bottom to pipe support settlement. 
(Horizontal deflections due to thermal expansion 
not shown) 


FIGURE C7.19 Tank piping layout considerations. 


* Piping can be supported on sleepers at grade if roads or walkways will not be 
required over the pipeway at a later date. Bottom of pipe elevations must allow 
for clearance under line drain valves. 


* Minimum clearance under the pipe rack is a function of the available mobile 
lifting equipment requiring access and the minimum vertical clearance determined 
by the basic plant design parameters. 
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FIGURE C7.20 Typical pipe rack cross section. 


An important aspect of rack piping design is the strategic location of line stops 
or anchors and guides to control the thermal expansion of the piping. Directional 
line stops also help to distribute expansion forces and support friction loads. Pipe 
expansion loops may be required for long lengths of rack piping, especially in 
elevated temperature service. The structural design of the rack bents must consider 
the combined loads imposed by the simultaneous operation of the piping it supports. 
Some percentage, usually 25 percent, of all the lines supported off a bent are 
assumed to simultaneously load the rack, since it is highly unlikely that all lines 
will be subjected to thermal expansion at the same moment in time. 

Axial thrust loads in long horizontal runs, which are typical of rack piping and 
lines outside of process units, will be significant due to static friction resistance to 
thermal expansion at the support points. These thrust loads should not exceed the 
critical buckling load of the line involved. Lateral guides are usually necessary to 
give stability to the line. 


Relief Valve and Flare Header Piping 


Relief valve piping in a process plant should be in accordance with API RP 520, 
Recommended Practice for the Design and Construction of Pressure Relieving Sys- 
tems and API RP 521, Guide for Pressure Relief and Depressuring Systems“ 
Piping for relief valves protecting pressure vessels should be in accordance with 
the applicable requirements of Section VIII of the ASME Boiler and Pressure 
Vessel Code. 
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The discharge of all pressure relief valves should be piped to a safe place for 
disposal. Liquid and readily condensable hydrocarbons are usually discharged to a 
closed system. Pressure relief valves discharging light hydrocarbons which are not 
likely to condense or accumulate at grade can frequently be safely vented to the 
atmosphere from the tops of tall towers. Discharging to the atmosphere reduces 
the size and cost of closed piping systems otherwise required and is the preferred 
method where it does not create a hazard and where recovery facilities are not 
necessary. The term closed system refers to the typical pressure relief valve collecting 
system at a process unit, wherein the discharge of pressure relief valves is collected 
in a piping system for disposal at a safe location. A blowdown drum, which may 
be integral with a vent stack, is usually provided for separating the vapors and 
collecting liquids. Vapors are typically vented to the atmosphere through a flare 
stack to safely ignite the combustible gas. Frequently this system is combined with 
any required facilities for emergency blowdown or depressurizing of equipment. 


Pressure Relief Valve Piping Design 


Block valves are usually provided upstream (and downstream if discharging into a 
closed system) of pressure relief valves where necessary to permit onstream isolation 
and maintenance of the PR devices without interrupting process unit operations. 
Where block valves are used, the installation should conform to the requirements 
of Section VIII of the ASME Boiler and Pressure Vessel Code when protecting 
an unfired pressure vessel. These valves are typically installed so that they are car- 
sealed open (CSO). Mechanical interlocks or key systems are usually required 
for spared PR valve installations to help ensure continuous safety protection of 
the system. 

Generally, the most difficult and important feature associated with sizing relief 
valve discharge lines and headers is the determination of the maximum probable 
flow. The flow is based on the number of valves which may discharge simultaneously 
owing to a fire or to abnormal process conditions. To do this, the layout of the unit 
must be considered along with many possible abnormal operation conditions. 

The permissible back pressure must also be determined. Generally, the back 
pressure should not exceed 10 percent of the set pressure for unbalanced safety 
valves. Balanced pressure-relief valves will operate satisfactorily at higher back 
pressures (approximately 30 percent of the set pressure), and consequently their 
use will sometimes result in a more economical relieving system. 

Pressure relief valve discharge piping should be sized so that any back pressure 
that may exist or develop will not reduce the capacity of the pressure relief valve 
below that required to protect the equipment. Regardless, the discharge piping for 
each pressure relief valve should not be smaller than the nominal pipe size of the 
pressure relief valve outlet. 

For gas, vapor, or flashing liquid service the inlet piping pressure drop at design 
flow should not exceed 3 percent of the safety relief valve set pressure. Nor should 
the inlet piping to a pressure valve be smaller than the valve inlet nominal pipe 
size. The inlet piping includes all piping between the protected equipment and the 
inlet flange of the valve. Excessive pressure drop in the inlet piping will cause valve 
chatter (extremely rapid opening and closing of the valve) which may lower the 
valve capacity and damage valve seating surfaces. 

Pressure relief valves should be located so that the inlet piping is short and 
direct and self-draining with no pockets. However, on installations where pressure 
pulsations or turbulence are likely to effect the pressure relief valve (e.g., discharge 
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FIGURE C7.21 Snuffing steam to pressure-relief atmospheric vent. 


side of reciprocating compressors and pumps), it may be desirable to locate the 
valve farther from the source in a more stable pressure region. The differential 
between operating and valve set pressures is also important when the operating 
pressure is not steady. A large differential will tend to reduce valve maintenance 
costs. 

On certain vessels, pressure relief valve leakage and consequent premature 
shutting down of the process unit can be anticipated. These vessels should be 
provided with a sufficient number of pressure relief valves (and accompanying block 
valves) so that in the event of pressure relief valve leakage it will be possible to 
shut off any one defective valve and replace it while the vessel is in service and 
still retain full calculated relieving capacity. 


Pressure Outlet Piping Discharge to Atmosphere 


Outlet piping for pressure relief valves discharging flammable vapors directly to 
the atmosphere should normally be equipped with steam and drain connections 
controlled from grade, as shown by Fig. C7.21. Outlet piping from pressure relief 
valves should be equipped with drains or otherwise suitably piped to prevent accu- 
mulation of liquids at the valve outlet. Pressure relief valve outlet piping for water 
or other liquids should be self-draining. 

Separate pressure relief valve lines should be provided for each valve discharging 
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directly to the atmosphere. On towers, the pressure-relief valve vent piping should 
be extended at least 10 ft (3 m) above the nearest working platform within a radius 
of 40 ft (12 m). Outlet piping should be arranged so that the pressure-relief valve 
discharge will not impinge on any equipment. 


Closed Discharge Piping to Flare Header System 


Pressure relief valve discharge piping connecting to a closed system should be 
self-draining to the blowdown drum, vent stack, or other means for liquid/vapor 
separation and disposal. The main headers are frequently sloped to assure drainage. 
A continuous purging connection should be considered for closed system piping to 
prevent flammable mixtures resulting from possible pressure relief valve leakage. 
Where necessary or desirable to detect leaking pressure relief valves, a NPS %4 
(DN 20) valved and plugged drain connection should be provided at the outlet of 
each valve. 

The sudden initiation of relief valve outflow can cause severe stresses in attached 
equipment and structures. Consequently, such factors as the high- and low-tempera- 
ture properties of material, thermal expansion, vibration, and fatigue must be consid- 
ered in designing pressure relief valve discharge piping. Vibration is particularly a 
concern for liquid service relief valves, where flashing and valve chatter are possible, 
which can lead to loosening of flange and valve bolting, and subsequent leaks. The 
use of conical spring washers or other nut-locking devices should be considered in 
these relief valve services to minimize the possibility of inadvertent loosening of 
flange bolting. 

Discharges into closed flare header systems also represent significant challenges 
to the piping designer. Flare headers often represent one of the more difficult piping 
systems to route along pipe racks from the process units to the offsite blowdown 
and flare stack facilities. The piping tends to be of relatively large diameter, and 
it normally must be designed for large variations in operating temperatures. This 
includes the possibility of severe longitudinal bowing of the line if liquid at either 
relatively high or low temperatures discharges into the flare header, resulting in 
mixed-phase flow, with a vapor layer above a liquid stream. 


Vent and Drain Piping 


Provisions for low-point drains and high-point vents are typically needed for pres- 
sure testing, start-up, chemical cleaning, and for decommissioning of process plant 
piping. Valved drain and vent connections are also provided for most types of 
process equipment. These drains and vents should be located on the equipment if 
practical, but they may be located in connected piping where there are no valves 
or blocks between the drain or vent connections and the equipment. 

Piping from drain connections should be arranged to drain the equipment and 
the connected piping to the appropriate process drainage system. The alternate to 
complete drainage is a start-up procedure for water removal, such as (1) displace- 
ment by circulation, (2) gradual heating during start-up, (3) dry gas purging, or (4) 
high-velocity gas purging. Multistage pumps, furnace headers, control valves, and 
horizontal pipe that deflects between supports are typical locations where it is 
usually impractical to provide complete drainage. 

Generally, drain connections to closed drainage systems may require double 
block valves and with a bleed connection between the block valves. 
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Drains, vents, and pump outs for piping and equipment in vacuum service should 
be blinded or plugged during operation of the unit to prevent the entrance of air. 
There are, however, drain and vent connections which need not be connected to 
a closed drainage system. Examples are connections which are not hazardous if left 
open, connections for checking water accumulations, and vessel vents which are 
not needed during operation. These drains and vents should be provided with a 
block valve and blind flange, plug, or cap. Valved vents may not be required for 
high-point vents used to bleed air for system pressure testing only. These connections 
should be plugged and seal welded after pressure testing. 

In lines containing hazardous fluids, a drain should be provided between block 
and check valves where fluids could be trapped. Where check and block valves 
separate a hazardous fluid from process piping or other process equipment, the 
block valve should be located between the check valve and the process piping 
or equipment. 

Water drainage from vessels in light-ends service can be complicated by the 
refrigeration effect of light hydrocarbons that vaporize at atmospheric pressure. 
An ice plug formed by this refrigeration effect can prevent proper valve closure, 
and hazardous vapors will be released when the ice melts. In most cases heat tracing 
or other means of heating drain lines and valves will prevent freezing. 

Means should be available for removing the operating liquid contents from all 
vessels and heat exchanger units and the connected piping. Although process lines 
and pumps should be used for this purpose, an auxiliary pumping-out system may 
be needed. A permissible alternate is to use steam or inert gas to remove the 
contents of the equipment by pressure. On pressure vessels, pumpout connections 
should be provided for side drawoffs as well as at the bottom of the vessel. 

The recommended minimum size for pipeline drains and vents is NPS 4% (DN 
15). The recommended minimum size of drains and vents is NPS 1 (DN 25) for 
vessels and NPS 34 (DN 20) for all other equipment. However, the size of vent and 
drain connections should be such that the water used for hydrostatic test or flushing 
may be drained off without pulling a vacuum. On some small pumps, compressors, 
and turbine and steam engine drives, NPS % (DN 20) or larger drain and vent 
connections are not economical. In such cases, NPS 1⁄2 (DN 15) drains and vents 
are acceptable. 


Instrument Piping/Sample Connections 


The term instrument systems, as used here, includes piping associated with field 
instrument installations and associated systems to connect air or hydraulically oper- 
ated instrument control apparatus. It does not include instruments or permanently 
sealed fluid-filled tubing systems furnished with sampling transport systems associ- 
ated with process stream analyzers. 


Instrument Piping. Instrument piping must meet all the applicable requirements 
of the associated principal piping systems, and the following: 


* The design pressure and temperature for instrument piping should be determined 
with consideration of short-time conditions. If it presents a more severe condition, 
the temperature of the piping during periodic operation of the blowdown valve 
should be considered a short-time condition. 


* Consideration must be given to the mechanical strength, including the fatigue 
resistance, of small instrument connections or apparatus. 
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* Instrument piping containing fluids which are normally static and subject to freez- 
ing must be protected by heat tracing or other heating methods. 


* When it is necessary to blow down or bleed instrument piping systems containing 
hazardous fluids, consideration must be given to the safe disposal of such fluids. 


All instruments, including thermocouples, should be accessible for maintenance. 
Instrument process connections that require maintenance should also be accessible, 
including accessories such as rod-out connections, condensate pots, and seal connec- 
tions. The overall piping design needs to consider the intended location of required 
instruments to locate appropriate take-off connections that allow good accessibility. 
During pipe layout, consideration should be given to routing process piping adjacent 
to platforms or to pipe and instrument grouping such that one platform will provide 
access to several instruments. 

A block (usually gate) valve is typically installed in each instrument take-off 
connection. It should be located as close to the vessel or line as possible, consistent 
with the manual opening and closing of the valve. Take-off connections, including 
the first valve, should be in accordance with the line service classification. The use 
of elbows between the take-off point and the valve should also be avoided. 


Sample Connections. Ona process unit, sample connections are typically provided 
on feed and product streams and on such intermediate streams as are necessary 
for control and testing. Sample piping should be as short as possible and be ade- 
quately braced to enable it to resist unexpected external loads and to protect it 
from damage when valves are operated. If the piping is carefully supported and 
anchored, it is permissible to use an equipment drain for sample purposes. 

As a general rule, sample connections should not be installed directly on pumps, 
compressors, or other equipment subject to vibration if other locations where sam- 
ples might be taken are available. A likely location for sample connections is often 
combined with the installation of pressure gages. It is suggested that the minimum 
size of the first nipple attached to the piping or equipment from which the sample 
is taken be NPS 34 (DN 20). A block valve of the same size as the nipple should 
be installed at the end of the nipple. A second valve should be installed in the 
sample line as close to the sampling point as practicable. A sample cooler will 
sometimes be necessary to assure safe handling of the stream being sampled. 


Utility Piping 


Air, steam, or water connections to process piping or process equipment should 
be temporary unless they serve as part of the process. Temporary connections 
should consist of a block valve, a check valve, and a blind flange. The block valve 
should be located between the check valve and the process piping or equipment. 
Both valves should conform to the specification of the more severe service. 

When a permanent air, steam, or water connection to process piping or process 
equipment is needed, a check valve, a NPS ?4 (DN 20) bleed, and a blank should 
be provided in addition to the block valve. The block valve should be located 
between the check valve and the process piping or equipment, and the bleed should 
be located between the two valves. There must be a block valve in the utility line, 
upstream of the check valve to permit installation of the blank. A second bleed 
valve is recommended between these valves to test for back-flow through the check 
valve. All valves downstream of the blank should conform to the specification of 
the more severe service. 
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Utility and drain connections at the bottom of the equipment may be manifolded 
into a single header in order to simplify piping connections to the vessel, except 
that steam connections should not be in the same manifold as the drain and pump- 
out connections. 

Service outlets for steam, water, and air hose connections are typically NPS 1 
(DN 25) size. Outlets should be located so that working areas and process equipment 
can be reached with a single 50 ft (15 m) length of hose. 


Water Service Piping. Process plants have several water systems. These may in- 
clude high pressure (for fire fighting), low pressure (for cooling and use in the 
process), potable water, and different types of process water systems. One of the 
most severe design problems for many locations is to protect water systems from 
freezing. One obvious way to do this is to place the piping underground and below 
the frost lines. However, in a process unit much of the water piping must be above 
grade. If the piping is out of doors and in intermittent or standby service, it should 
be heat traced and insulated. In cold climates, heat tracing and insulating should 
be considered for water lines with low continuous flow rates. An alternative to heat 
tracing and insulating is to provide a bypass to a drain so that flow in the water 
line is continuous and at a high enough rate to prevent freezing. On water mains, 
the high-point vent between block valves should be protected from mechanical 
damage as well as from freezing. 

Drains should be provided on any water line located above the frost line so that 
it can be drained when it is shut down. Such drain connections and valves should 
generally be located underground, and drains should, where practicable, connect 
to a sewer. Drainage facilities should also be provided for the water side of heat ex- 
changers. 

Water injected into a process stream normally is taken from the low-pressure 
water system. However, where salt water is used for the cooling-water and fire-water 
systems, water for process purposes is usually taken from the potable water system. 

Each cooling water exchanger that may be removed from service during opera- 
tion of the unit should have a block valve in both the inlet and outlet piping. 
Multiple shells or exchanger in series, which cannot operate independently of each 
other, should be considered as a single exchanger. 

The water supplied to shell and tube coolers and condensers should pass through 
a strainer. If a strainer is not provided at the water pump or in the supply main, 
individual strainers should be provided in the branch line. The necessity for installing 
an oil separator drum, a gas disengaging drum, or a bypass filter in the cooling- 
tower water return system should be considered. 

Water from exchangers should generally be sent to a clear water sewer or cooling 
water return system. Sample connections should be provided for detection of process 
leaks. However, a separate connection need not be provided for this purpose if 
other connections (e.g., drains and vents) can be used. An NPS % (DN 20) valved 
and plugged vent should be provided on top of the first horizontal section of the 
water line downstream of the exchanger. The vent should be plugged during opera- 
tion of the unit. 

For chemical cleaning of exchangers using cooling water, connections should be 
provided to the inlet and outer nozzles on the water side of each exchanger. The 
connections should be between any block valve and the exchanger. If there is no 
block valve, a pair of flanges must be provided nearby so that the piping can be 
blanked off during cleaning. It is suggested that the chemical cleaning connections 
be NPS 1% (DN 40), and they should be equipped with a blind flange. 

Sufficient connections to the water system should be provided so that water can 
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be supplied to the pressure vessels on the process unit for washing out or hydrostatic 
testing. These connections should be from the cooling-water system if the pressure 
in the system is adequate to supply water to the top of the tallest tower on the 
unit; otherwise the connections should be to the fire water system. 

Normally vessels need not be permanently connected to a source of water. If a 
permanent connection is made, it should be at the bottom of the vessel and should 
be blanked off when the vessel is in operation. 


Air Piping. Most process plants have a plant air system not only for use in the 
processes but to operate tools, equipment, and instruments. 

Where necessary, the intakes of air compressors should be designed to minimize 
the noise level. Filters should be provided in the intake piping to reciprocating and 
rotary air compressors when they take suction from the atmosphere. Filters will 
sometimes be necessary for centrifugal air compressors. When a filter is not provided 
for a centrifugal air compressor taking suction from the atmosphere, the intake 
piping should be provided with a bird screen. Filters preferably should be of the 
dry, replaceable-cartridge type. Such filters should have an open area not less then 
three times the area of the intake pipe. The oil-bath-type filter should not be used 
with centrifugal air compressors. 

Low points in the discharge line from an air compressor should be avoided 
because it is possible for lube oil to be trapped and subsequently ignited. If low 
points are unavoidable, they should be provided with drains. 

When condensed moisture in air lines is undesirable from a process standpoint 
(which typically is the case for instrument air connections) or the possibility of 
moisture freezing exists, consideration should be given to providing an air drier 
drum in the supply line near the process unit. The drum should be located where 
it will not be exposed to heat from other equipment. Based on estimated future 
air requirements, the size of the drum should be such that (1) the velocity in the 
drum does not exceed 15 fpm (0.08 m/s) during shutdown periods when maintenance 
equipment is being used and (2) the capacity be equal to at least 6 percent of the 
free air requirements per minute during normal operation. 

In climates where freezing is possible, the bottom 18 in (450 mm) of the dry 
drum should be insulated and heat traced. The drum drain (or blow-off) should 
also be traced or insulated. All blow-off connections should be installed pointing 
downward so that any rust or scale blown out will not endanger personnel. 

Air piping should slope downward to dry drums or moisture traps, or be hori- 
zontal. Branch connections to air headers should be to the top of the pipe. Block 
valves should be provided in all branch lines. 

When an air line is connected to process piping, two block valves, a check valve, 
and a bleeder should be provided. A second bleed valve should also be provided 
upstream of the check valve to test for backflow through the check. Consideration 
should be given to also providing a removable section of line or hose in order to 
guard against inadvertent operation. 

Air for operating instruments is normally a separate system from the plant air 
system, and backup compression systems are often provided to increase in-service 
reliability. For process units, a steam-driven compressor should be furnished to 
supply instrument air in case of failure of the main supply. Where plant air is the 
primary source, and the possibility of a power failure is remote, electrically driven 
compressors may be used. 

In extensive instrument air systems, the piping should be arranged with header 
and subheaders, such that groups of instruments may be isolated from the systems 
without affecting the air supply to all instruments. Block valves should be provided 
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at the instrument air headers in all branch lines to instruments. Leads to individual 
instruments should be NPS % (DN 15) minimum. As a rule of thumb, headers 
serving from 1 to 25 instruments should be NPS 1 (DN 25) pipe size, and headers 
serving from 26 to 75 instruments should be NPS 2 (DN 50) pipe size. 


Steam and Condensate Piping. Process plants usually have two or more steam 
systems and an exhaust steam condensate system. One of the steam systems gener- 
ally operates in the range of 100 to 150 psig (690 to 1035 kPa) (low-pressure steam), 
and another operates at superheated conditions and significantly higher pressures 
(high-pressure steam). The exhaust steam system normally operates at a pressure 
of less than 50 psig (345 kPa). The design problems associated with these systems 
are not all similar to those encountered in a central power station; consequently a 
brief discussion on process plant steam piping requirements follows. 

The principal concern is to supply clean, dry steam to the equipment using it. 
In accomplishing this, it is desirable to connect all branch lines (except condensate 
collection points) to the top of horizontal steam mains. However, if the line to a 
steam driver is at least one size smaller than the main and the steam has a consider- 
able amount of superheat, it may be permissible to make a centerline connection 
to the side of the steam main. With other steam conditions it probably will be 
necessary to install a knockout pot or drum or a steam separator in addition to 
making the connection to the top of the main. Pockets should be avoided in the 
line to the turbine. 

Connections to exhaust headers should preferably be made to the top of the 
header so that the condensate in the header does not run back into the driver. 

In the steam line to a steam driver, a block valve(s) should be located at the 
driver and be easily accessible for operating purposes. A single gate valve is needed 
in the exhaust line from each steam driver that does not exhaust directly to atmo- 
sphere or directly into an individual condenser. However, valves need not be pro- 
vided where two or more drivers, which will never be shut down separately, exhaust 
to the same condenser. This exhaust gate valve should be installed at the driver so 
that the position of the gate (i.e., open or closed) will be obvious to the operator 
whenever he is required to operate the inlet valve. 

Wherever steam is exhausted to the atmosphere and could create such personnel 
hazards as burns, freezing of condensate on walkways, or the blanketing of working 
area with a heavy fog, the line should be fitted with an exhaust head and a drain 
to a sewer. The use of a silencer should be considered where noise nuisance is likely. 

The flexibility of steam piping should be attained through the use of expansion 
bends and elbow fittings. The use of expansion joints is discouraged except where 
the size and arrangement of exhaust lines prevent the use of expansion bends, 
which may be the case of certain steam exhaust connections to steam condensers. 
Particular attention should be given to the anchorage and support of the connect- 
ing piping. 

When required by the service, means should be available for purging process 
equipment with steam or inert gas. For example, each pressure vessel in hydrocarbon 
service should be provided with a steam-hose connection near the bottom if not 
permanently connected to the source of steam. However, where a permanent con- 
nection is made, it should be blinded during operation of the unit. 

The steam supply for smothering, snuffing, service hoses, space heating, and 
auxiliary or protective heating should be connected to a source that will not be 
shut off during unit shutdowns or to a source that will not be shut off when the 
steam to a piece of equipment such as a turbine is shut off. For fire protection 
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purposes, smothering (or snuffing) steam usually is required for fired heaters and 
for relief valve discharge lines. 


Condensate Removal and Steam Traps. Condensate should preferably be dis- 
charged into an oil free drain system, but under no circumstances should it be 
discharged into a sanitary sewer. Consideration should be given to a condensate 
collection system in installations which involve a large number of steam traps. When 
condensate is to be discharged to a cast iron or concrete sewer or a concrete sewer 
box, the hazard of vaporizing hydrocarbons which may exist in the sewer should 
be considered. Also, to avoid damage to the concrete, the connection should be 
below the water level. If there is insufficient quantity of water for quenching, the 
condensate should be first led to an atmosphere-pressure drain tank. 

Steam traps should be provided for the removal of condensate from collection 
points in live and exhaust steam systems, in particular from condensate drip legs, 
drains on steam turbines, steam separators, connectors, unit heaters, and terminal 
ends of companion piping. All low points in steam lines, except steam companion 
lines and the ends of long headers, should be provided with drip legs. It may also 
be necessary to install drip legs at intermediate points on headers with long sections 
at one elevation (i.e., in addition to those low points at the end). 

When a valve is installed in steam piping in such a manner that condensate can 
collect above the valve, a trapped drain should be provided above the valve seat. 

Whenever possible, a steam trap should be installed below and close to the 
equipment pipeline being drained, but the trap should be easily accessible for 
periodic inspection. Each trap should serve only one collection point. Where large 
quantities of condensate are expected, either condensate pots or condensate drains 
should be provided. 

Drains from turbine shaft packing glands and from governor valve stem packing 
glands should preferably be connected to an open drain system. The drain lines 
and headers should be of sufficient size to prevent a back-pressure buildup. Also, 
untrapped drains should be provided at the lowest point of the steam end of each 
reciprocating pump and compressor. 

Drains not discharging into a closed drainage system should discharge downward 
and should be arranged so that rising steam does not create a hazard or condense 
on equipment, such as a turbine or pump. The condensation of rising steam on 
such equipment can create lube oil contamination. One thing that can be done to 
help eliminate this problem is to quench the condensate. 

A principal cause of steam traps freezing is improperly designed discharge lines. 
Steam trap discharge lines should be sloped for drainage where possible. In cases 
where freezing is likely, no part of the trap discharge header should be at an 
elevation above that of the trap discharge. Pockets in the discharge lines should 
be avoided. Long trap-discharge lines, if not in heated enclosures, should be insu- 
lated. Trap-discharge lines in heated enclosures need to be insulated only if necessary 
for burn protection. To decrease further the possibility of freezing, steam trap 
bodies should not be insulated unless the following circumstances make doing 
so advisable: 


* The trap is installed downstream of automatic steam controls that could shut the 
steam off for long periods of time. 


* The trap is installed in a location where operators might be burned by the bare 
metal surfaces. 


* The trap is part of a heat recovery system where retention of heat is important. 
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* The trap is installed to handle exhaust steam condensate that contains quantities 
of cylinder oil. 


Inverted-bucket and thermodynamic steam traps, which are commonly used in 
process plants, are generally installed without strainers. Steam traps should be 
selected for a continuous discharge rate, which is the actual condensate rate 
multiplied by a safety factor. A safety factor of at least 3 should be used for inverted 
bucket type traps and thermodynamic traps. A larger safety factor is needed for 
traps draining jacketed equipment, and trap manufacturers should be consulted. 
In borderline cases offering a choice between two traps sizes, the smaller trap is 
usually preferred. 


Steam Companion Piping for Auxiliary Heating. 'The most commonly encoun- 
tered situations requiring auxiliary heating are as follows: 


1. Piping in which the fluid temperature could drop below the pour point or freezing 
point, and piping in which the fluid is subject to coagulation, excessive viscosity, 
or salting out 


2. Hydrocarbon vapor and gas piping where condensate formation and icing will 
affect the safety and operation of the equipment, such as might be caused by 
the reduction in pressure that takes place through a control, throttle, or relief 
valve and 


3. Lube and seal-oil systems for compressors and turbines 


Auxiliary heating is normally not needed for freeze prevention and viscosity 
maintenance on equipment in intermittent service if the equipment is drained, 
flushed, blown, or steamed out when there is no flowing stream, or if the equipment 
is far enough underground to prevent freezing. When required, auxiliary heating 
is usually furnished by external steam companion piping (steam tracing). Other 
acceptable methods of heating piping and other equipment are internal steam 
tracing, steam jacketing, hot-water tracing and jacketing, and electric tracing. Details 
of various heat tracing techniques are covered in detail in Chap. B6 of this handbook. 

It is desirable that each steam companion line be continuous from the header 
to a trap at the end of the line without any vents, drains, branches, or dead-end 
extensions at intermediate points. Each companion line should have a block valve 
at the upstream end and be arranged so that flow is generally downward, avoiding 
pockets as much as possible and leaving no section of the companion line at a 
greater elevation than the companion header. Live steam is preferred for steam 
companion piping in colder climates unless a lower temperature is required. 

In the design of the companion piping system, provisions should be made for 
the differential expansion between the traced line and the tracer. When the piece 
of equipment which is to be kept hot is irregular in shape (such as traps, strainers, 
valves, and pumps), tubing must be used. The item should be spirally wrapped, 
starting at the top and working toward the bottom. Several lines to be traced may 
be grouped inside a single covering of insulation if they are to be maintained at 
the same temperature. 


CASE HISTORIES: CHALLENGES/SOLUTIONS 


Process plants offer the piping designer some unique challenges not found elsewhere. 
The combinations of demanding service requirements and mechanical needs will 
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necessitate innovative designs and solutions. Included herein are a few practical 
approaches to problem resolution: 


Challenge 


Installed Type 304L stainless steel piping and mating vessel nozzle NPS 8 (DN 200) 
Class 300 flanges were found to be inadequate for the specified 750°F (400°C) design 
temperature and 440 psig (2760 kPa) design pressure hydrofining reactor service. 
The reactor shell material and its other principal nozzles were constructed from 
low-alloy material weld overlayed with Type 304L stainless steel. The reactor flanges 
were all specified with Class 300 flanges, which is acceptable for the low-alloy flanges 
but not for the solid alloy Type 304L flanges. ASME B16.5 maximum working 
pressure for Type 304L SS Class 300 flanges is only 335 psig at 750°F (2310 kPa at 
400°C) and clearly inadequate for the specified reactor design pressure. 


Solution 


ASME B16.5 downrates flanges in Type 304L material in elevated temperature 
service in comparison to the low-chrome reactor flanges and other non-low tempera- 
ture grades of stainless steel. Attempts to rerate the installed Class 300 flange based 
on the provisions of B31.3 for 10 percent metal design temperature reductions for 
uninsulated flanges and the design procedures of ASME BP&V Code Sec. VIII, 
Division 1 proved to be unsuccessful. It was ultimately decided to replace the 
existing Type 304L flanges with Type 347 stainless steel Class 300 flanges, which 
permit a maximum working pressure of 490 psig (3380 kPa), and as such, clearly 
acceptable for the specified system design pressure. 


Challenge 


Two recent experiences with installed spiral-wound gaskets with flexible graphite 
filler have led to different but related instability problems with these gaskets, which 
raised questions about the standard ASME B16.20 covering these gaskets. The first 
experience involved Class 1500 and 2500 spiral-wound (SW) gaskets fitted with 
inner retaining rings that suffered severe inward buckling at initial boltup. The 
second experience pertains to the gross inward buckling of the inner spirals of Class 
600 and lower rating gaskets supplied without inner rings. Events led to the ultimate 
removal of some 2000 gaskets supplied by 3 different manufacturers, which revealed 
that severe inward buckling had occurred on about 12 percent of installed gaskets 
across a wide range of sizes. 


Solution 


Gaskets supplied in both cases complied fully with ASME B16.20 requirements, 
which highlighted inadequacies in this standard for spiral wound gaskets. Efforts 
have been initiated to work with manufacturers in their assessment of fundamental 
design considerations and with appropriate code committees to address apparent 
deficiencies discovered with this type of gasket. The buckling in both experiences 
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had occurred during the initial compression of the gasket, before the flanges were 
put into service. 

While the root cause of the problem has yet to be identified, the buckling 
phenomenon is clearly related to the incompressible properties of the flexible 
graphite and the tightness of the spiral windings. The experiences have also revealed 
that the inner ring widths specified by ASME B16.20 for many gasket sizes are 
inadequate to effectively resist buckling. Interim measures have been adopted by 
ASME B16.20, and it is recommended that users specify inner rings for all NPS 6 
(DN 150) and larger SW gaskets with flexible graphite filler until more definitive 
measures are identified to resolve the root cause of the buckling phenomena. 
Reference 17 provides more information on this industrywide concern and overall 
considerations for gasket performance testing protocols. 


Challenge 


Severe acoustically induced piping vibrations generated by high-capacity pressure- 
letdown valves have led to fatigue failures at downstream piping branch connections 
within days of their initial operation. One such experience involved a safety letdown 
control valve within an LNG treat gas unit to a flare header system. The initial 
operation of this system led to cracks at an NPS 10 (DN 250) branch connection 
to an NPS 28 (DN 700) flare header. The failure occurred after about 5 to 10 hours 
of its initial startup and eventually led to the branch connection completely breaking 
away from the run header. The letdown valve was designed for a mass flow rate 
of about 383,000 Ib/hr (175,000 kg/hr), with an upstream pressure of 620 psia (4278 
kPa) letting down to 30 psia (207 kPa) flare header back-pressure. 

This and other experiences in the gas production, petrochemical, and other 
industries have demonstrated that acoustic energy in high-capacity, gas pressure- 
reducing systems can cause severe piping vibrations that in extreme cases have led 
to piping fatigue failures within a few hours of commencing operation. 


Solution 


Based on a statistical approach, criteria were generated to reflect maximum levels 
of acoustic power generated by the pressure letdown valve before fatigue failure 
was experienced (see Ref. 5). The ultimate solution involved the replacement of 
the installed pressure letdown valves with low-noise producing valves with labyrinth 
multistaged pressure reducing trim to avoid choked sonic flow conditions generated 
by the valve. 


Challenge 


Severe vibrations were found with the initial start-up of an NPS 2 (DN 50) nitrogen 
utility line connected to an NPS 10 (DN 250) suction line of a reciprocating compres- 
sor in make-gas service. The nitrogen line was relatively flexible, and had long 
lengths of supported piping. Detailed acoustical analyses were conducted with the 
main suction and discharge piping of this reciprocating compressor, but this did 
not include the subject utility connection. 
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Solution 


Additional pipe supports were installed to the nitrogen line, changing the natural 
frequency of the piping geometry and reducing the response to the compressor 
pressure pulsation excitations. 


Challenge 


An erosive slurry was causing material loss at changes of direction in a convention- 
ally constructed piping system with elbows and tees. Space constraints did not allow 
for long-sweep turns. 


Solution 


Dead-end tees were installed where the solids filled the impact area of the tee. The 
abrasive solids then wore on themselves, thereby protecting the pressure boundary. 


Challenge 


A heater outlet line was expected to operate at about 1500°F (816°C). The attendant 
expansion and stress analysis difficulties were magnified, since the process piping 
material was well into the creep range. Premature failure was expected. 


Solution 


The hot metal heater line was transitioned into an internally refractory-lined system 
near the heater outlet. The lower shell temperature eliminated the probability of 
creep rupture failure, simplified the expansion and stress analysis problems, and 
reduced system maintenance. 


The previous discussion only touches on the multitude of challenges/solutions 


encountered in the area of process piping. Reference literature has documented 
some of the many valuable experiences encountered in this regard. 
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Cryogenics (from the Greek *kryo-genikos," meaning cold generation) is the science 
and technology associated with very low temperatures. Depending on one's point 
of view, any temperature below —20°F can be set to establish such a demarcation. 
Here the —20°F point has been selected because it normally represents the onset 
of embrittlement for ordinary carbon steels in typical structural applications. 

Cryogenics is not a separate branch of physics, since it obeys all laws of ordinary 
physics. In fact, cryogenics is low-temperature physics. The reasons for its special 
treatment, therefore, are not because of its uniqueness as a science but rather 
because of the very special problems it creates as a technology. These problems 
relate to embrittlement of materials, large displacements (expansion and contrac- 
tion), rapid change of phase due to large heat fluxes (big delta T), and small latent 
heats of the fluids involved. 

In order to obtain a better appreciation of the special considerations involved 
in cryogenic piping system applications, it was felt that it would be necessary to 
review the behavior of materials at cryogenic temperatures and the physical and 
thermodynamic properties of cryogenic fluids. These considerations are covered in 
the sections “Properties of Cryogenic Fluids" and “Materials Used in Cryogenic 
Piping Systems.” Additionally, cryogenic piping system design is discussed in the 
sections “Piping Systems Design—Fluids” and “Piping Systems Design— 
Mechanical." 

From the strictly heuristic point of view of fundamental applications of scientific 
principles there are hardly any differences between cold box piping and all other 
types. Nevertheless, we are making a special topic of cold box piping because of 
the confined spaces involved and the conceptual arrangements required to satisfy 
logistically workable and economically feasible process considerations. Such piping 
is discussed in the section “Cold Box Piping.” 

The coverage on cryogenic distribution systems, as provided under the sections 
“Liquid Storage and Conversion Systems" and “Mobile Equipment System," con- 
siders more than just piping; it covers the functional design philosophy of cryogenic 
fluid storage and distribution and provides quite an insight into the logistics of the 
entire operation. 

With the advent of chip making, the need for ultra-high-purity inert gases has 
come into clear focus, and industry has responded to this need by developing 
suitable storage and distribution systems. These aspects of cryogenic piping systems 
are discussed in the last section. 

Naturally, the drive behind most technologies is economic in nature, and in this 
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respect cryogenics is no exception. This is certainly much more so when it comes 

to liquid distribution because there is no other motive. Industrial gases can certainly 

be distributed in the compressed gaseous form, even in bulk quantities, if costs are 

not a consideration. Such economic aspects are discussed in the next section. 
References for each section are at the end of each section. 


ECONOMIC PARAMETERS OF 
CRYOGENIC FLUID 
DISTRIBUTION SYSTEMS 


Norman H. White, 
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Cryogenic processes are typically applied to commodity chemicals that exist as 
gases at normal ambients. Such gases are liquefied at reduced temperatures and are 
normally maintained at saturated conditions. The processing techniques generally 
involve both the liquid and gaseous phases and exploit the dramatic changes in 
physical and thermodynamic properties that occur with changes of state. Cryogenic 
temperatures are applied at each step in the process of bringing these gases to the 
final consumer, including production, distribution, and storage. 

Typically, industrial gases are found in mixtures in which some of the components 
have commercial value. Two of the most important examples of such mixtures are 
gases from certain hydrocarbon wells and the Earth's atmosphere. The feed streams 
are separated by liquefaction and subsequent fractional distillation with the pro- 
duced streams delivered in either the gaseous or liquid state. Cryogenic distillation 
allows a wide choice in the degree of separation, ranging from crude to extremely 
fine. It is a highly efficient process with power consumed chiefly in refrigeration 
lost to the environment and pressure lost in the product streams. Economic consider- 
ations in the liquefaction and distillation process involve trade-offs between op- 
erating efficiency and capital expenditure. No other method is as versatile or as 
effective as cryogenic separation of industrial gas mixtures for commodity usage. 

The key to industrial gas distribution and storage operations is the use of a cost- 
effective method that increases the product density. The transport or storage vessel 
is reduced to manageable dimensions in this way. The historical solution to this 
problem is elevated pressures at ambient temperatures. Indeed, high-pressure cylin- 
ders and receivers made to a variety of U.S. Department of Transportation 
(USDOT) and ASME specifications are widely used today to store gases at pressures 
exceeding 2000 psig (138 bar). These vessels are typically of single-piece forged 
construction involving fabrication and inspection procedures that enable them to 
safely operate at ultimate to design stress ratios of 3:1. In spite of these measures 
to achieve an efficient package, the ratio of vessel weight to product weight is 
extremely high. Therefore, the cost of storing and transporting these gases in such 
vessels is very high relative to the value of the product they contain. Some of the 
characteristics of typical high-pressure receivers and cylinders are summarized in 
Table C8.1a and Table C8.1b. 
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TABLE C8.1a Typical Specifications for Seamless Forged Pressure Vessels 
ASME Pressure Vessel Code. Sizes, capacities, and design pressures 


Dimensions 
OD 


Min wall* 


Max length 
mm 


Max water volume cu ft 
liter 


Material 
classt 


Weight 
Unit weight Ib/ft 
kg/m 


Max vessel weight Ib 


Design 
pressure 


SF=3 


SF=4 


* Nominal wall = min wall + .875. 
+ Material is SA 372 Grade J. 
Source: CP Industries, Inc. 
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TABLE C8.1b Typical Specifications for Seamless Forged Pressure Vessels 
USDOT specification. Dimensions and data for typical vessel sizes. 


USDOT 

Specification! 
psi | 3AA-2400 | 3AAX-2400 | 3AAX-2900 | 3AAX-3855 | 3T-2400 | 3T-2850 
bar | 3AA-166 3AAX-166 3AAX-200 3AAX-266 | 731-166 | 3T-197 


Dimensions 
OD 


Min wall 
mm 


Max length’ ft-in 
m 


Max average Ib 
weight? kg 


Nom water cu ft 
volume liter 


1 Specifications are as defined in United States Code of Federal Regulations Title 49. 
? Length can be varied to meet specific requirements. 

5 [Includes end fittings. 

Source: CP Industries, Inc. 


Liquefaction is another approach that has been widely used for efficient storage 
and transportation of industrial gases. Gases typically emerge from the liquefaction 
process saturated at approximately atmospheric pressure and from this point are 
transported and stored in cryogenic vessels. These are typically double-walled ves- 
sels with an inner container designed for the working pressure and temperature of 
the product and an outer casing designed for ambient temperatures and external 
pressure. In between the two vessels is a high-performance insulation system which 
is usually evacuated for the purpose of further enhancing thermal protection. Struc- 
tural members to support the inner container and piping to provide access to it are 
also located in the insulation space. Heat is continuously entering the vessel through 
the insulation, supports, and internal piping. This heat will make the liquid contents 
boil, and the resultant gas must be removed from the tank if the pressure and 
temperature of the contents are to be held steady. For this reason, heat leak must 
be minimized. The thermal efficiency of the tank design is expressed in terms of 
the percentage of full capacity that will be lost per day when the tank is held at 
atmospheric pressure. This parameter is termed the normal evaporation rate (NER) 
and is product specific. Table C8.2 summarizes the specifications of typical tankage 
applied in various production and distribution functions. 

Gaseous state storage at high pressures and liquid state storage at cryogenic 
temperatures both have their place in industry today. Therefore, it is important to 
compare their relative economics. The primary costs to be compared are those for 
storage vessel construction, transportation, power to achieve the storage state, and 
product loss. The construction methods used in forged high-pressure receivers are 
very different from those used in high thermal efficiency cryogenic temperature 
vessels. However, the resultant costs per unit weight may be considered equal for 
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TABLE C8.2 Typical Specifications for Cryogenic Storage Vessels 


Model 


Capacity 
Warm Water gal 
liter 


Net Liquid gal 
liter 


Oxygen 1000 cu ft 
cum 


Nitrogen 1000 cu ft 
cum 


Argon 1000 cu ft 
cum 


Dimensions 
Height ft-in 
m 


Diameter ft-in 
m 


Weight 
Tare 1000 Ib 
1000 kg 


Oxygen 1000 Ib 
1000 kg 


Nitrogen 1000 Ib 
1000 kg 


Argon 1000 Ib 
1000 kg 


Design parameters 
NER (oxygen % per day) 


MAWP psig 
bar 


Source: Taylor-Wharton Div Harsco Corp. 
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TABLE C8.3 Weight Ratio: Lading/Vessel 


Cryogenic storage vessel 


Volume MAWP Lading weight/Tare weight 


gal liters psig N2 02 AR 


3407 250 

5640 250 
11356 250 
22258 250 
33689 250 17.2 
41638 250 17.2 
49209 250 17.2 


Gas receiver 


MAWP Lading weight/Tare weight 


psig N2 02 AR 


2800 
4000 0.13 0.17 0.21 
5500 0.11 0.15 0.19 
6667 


Source: Praxair, Inc. 


rough comparison. Therefore, storage vessel and transportation costs for alternative 
systems can be compared by the ratio of the vessel weight to product weight. Table 
C8.3 compares this ratio for several products stored in typical gas and liquid storage 
vessels. Generally the total cost (capital plus operating) to liquefy a product is 
lower than that required to compress it as a gas to receiver pressure. Indeed, 
receivers are most often charged with gas pumped to pressure in the liquid state and 
subsequently heated to ambient temperature rather than by gas state compression. 
Product losses to be expected in various liquid systems can be estimated from the 
NER specifications given in Table C8.2. 

Considering these circumstances, cryogenic liquid phase storage is the most 
economical approach in most cases. Gas storage should be considered where the 
requirement involves small quantities or long periods of nonuse or difficulty in 
disposing of the gas boil-off expected in a cryogenic system. 

The piping used in cryogenic systems obviously must meet the structural demands 
imposed by low temperatures. From an economic point of view, the thermal effi- 
ciency of the piping system must be carefully considered since the heat of addition 
to the system will ordinarily result in loss of product. There are two important 
factors of product loss involved in piping systems that must be considered: refrigera- 
tion required to bring the line to operating temperature (cool down) and steady 
state heat addition. Table C8.4 gives these parameters for uninsulated lines, lines 
insulated with closed-cell polyurethane foam, and lines insulated with radiation 
shields in high vacuum (vacuum insulation). 
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TABLE C8.4 Heat Addition’: Steady State and Cooldown 


Steady state heat addition 


Nominal pipe size NPS (DN) 


1 (25) 2 (50) 3 (80) 00) 


Btu Btu Btu 
Insulation /hr-ft | watt/m | /hr-ft | watt/m | /hr-ft | watt/m watt/m 


Uninsulated? 283.0 | 2719 | 533.0 | 5122 | 787.0 | 7562 996.4 
Polyurethane foam‘ thickness 
1 in (25.4 mm) 16.0 15.4 : 243 32.9 31.6 39.7 
2 in (50.8 mm) 10.8 10.4 : 14.8 19.8 19.0 23.2 
3 in (76.2 mm) 8.8 8.5 : 11.7 15.2 14.6 17.5 
Vacuum insulation? 0.5 0.4 R 0.8 1.0 1.0 ; T2 


oldown 


Nominal pipe size NPS (DN) 


2 (50) 3 (80) 


Btu | watt- Btu | watt- 
Insulation i /ft hr/m /ft hr/m 


CU tube* 51.9 99.0 
SS pipe! 50.3 94.6 
Polyurethane foam? thickness 
1 in (25.4 mm) y , : 3.6 47 
2 in (50.8 mm) 9.2 11.7 
3 in (76.2 mm) 17.3 21.1 
Vacuum insulation® à 12.4 20.8 


è Liquid Nitrogen Service. 

> 8-mph wind over frosted insulated line. 

* Closed-cell polyurethane foam with PVC cover. 
* Evaculated laminar radiation shields. 

* ASTM B-88 Type L. 

! Schedule 5. 

* Heat addition due to insulation only. 

Source: Praxair, Inc. 
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Physical and thermodynamic properties of cryogenic fluids constitute important 
data that are needed for the design of cryogenic piping systems. The following 
discussion, tables, figures, and references are furnished with this need in mind. 

Transport property data are readily available for the more common pure cryo- 
genic fluids. The bibliography at the end of this section lists sources of physical 
properties and thermodynamic tables and charts, which supply the detailed data 
required for the design of piping systems. Table C8.5M (Metric) summarizes some 
of the more important properties for a number of cryogenic fluids. 

Thermodynamic charts show pressure-temperature-phase-density (or specific 
volume) and enthalpy (heat content, H) relationships for a specific fluid under a 
variety of formats. Entropy data are often included but are not generally required 
for the purposes under consideration in this chapter. 

Fig. C8.1 is a pressure-enthalpy chart for nitrogen, which will be used to illustrate 
the behavior of fluids in transport systems, and various uses of pressure-temperature- 
volume-enthalpy (P-T-V-H) data. The most obvious use may be to determine the 
density (the reciprocal of specific volume) of a fluid which is being transported 
under constant pressure and temperature conditions. Referring to the chart, for 
example, the density of nitrogen at 101.5 psia (0.7 MPa) and 80°F (300°K) is found 
to be approximately 0.5 Ib/ft* (8.0 kg/m?). Other uses of the chart are illustrated 
in the examples which follow. 

The dome-shaped curve at the bottom left of the chart encloses the two-phase 
(vapor-liquid) region. Nitrogen at pressure and temperature conditions to the left 
of the dome is a saturated or subcooled liquid. Conditions to the right of the dome 
correspond to saturated or superheated vapor. Vapor and liquid phases coexist 
within the dome at a unique pressure for a specific temperature. This pressure is 
designated as the vapor pressure of the fluid at that temperature. The length of the 
isobar (constant pressure) line between the sides of the dome is proportional to 
the heat input which is required to completely vaporize the fluid at the pressure and 
corresponding temperature. The fraction of the fluid which is vapor at a condition 
corresponding to a specific point along the isobar is equivalent to the fraction of 
its distance from the saturated liquid line, divided by the total length of the isobar 
within the dome. 

The point at the very peak of the dome represents a unique condition of pressure 
and temperature which is designated as the critical point of the fluid. As nitrogen 
approaches 493 psia (3.40 MPa) and —232.5°F (126.2°K) from any direction, all 
distinctions between the characteristics of vapor and liquid phases disappear. Liquid 
being warmed at a pressure above the critical pressure behaves as a dense fluid, 
which gradually approaches the characteristics of a high-pressure gas at higher 
temperatures, without passing through any observable phase change. 

The vertical lines on a pressure-enthalpy chart correspond to a constant heat 
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content condition. Movement along these lines designates an isenthalpic or adiabatic 
(no heat input or output) process. Flow through reasonably short or insulated runs 
of piping or fittings, or at a temperature close to that of the environment, approaches 
isenthalpic behavior. 

When a fluid flowing within a pipe is throttled through a valve, the change in 
its pressure-temperature-phase and density relationships is essentially isenthalpic. 
If a fluid is initially a gas which is reduced in pressure, its decrease in pressure and 
density may be accompanied by a change in temperature (Joule-Thomson effect). 
In most cases this will be a decrease in temperature, as shown, for example, by 
nitrogen at 725 psia (5 MPa) and —153.7°F (170°K) following the 60.23 Btu/Ib(m) 
(140kJ/kg) isenthalp to about —215?F (136°K) when throttled to atmospheric pres- 
sure. At conditions more remote from the critical point, the temperature change 
is less dramatic. A rise in temperature may occur when the fluid is well above its 
critical temperature. This is shown by nitrogen at 80°F (300°K) when throttled to 
5800 psia (40 MPa) from a higher pressure, but it is more typically encountered 
with hydrogen or helium under normal processing conditions. 

When a saturated liquid is throttled to lower pressure, an isenthalpic line is 
followed into the dome, indicating partial vaporization of the downstream fluid. 
For example, if liquid nitrogen which is initially saturated at 290 psia (2 MPa) and 
—251.6°F (115.58°K) is throttled to atmospheric pressure, the downstream condition 
will be about 45 percent vapor. This will be accompanied by a change in density 
from about 35.77 lb(m)/ft* to 0.637 Ib(m)/ft? (573 to 10.2 kg/m’), or a factor of 56 
increase in volume. If nitrogen vapor is throttled from a point above the dome, it 
may partially liquefy (retrograde condensation) or, within a very narrow range of 
conditions, pass through the two-phase region before ending up as all vapor at a 
final low-pressure condition. 

The large change in specific volume which may occur with throttling—and 
particularly vaporization—may necessitate a substantial increase in the diameter 
of downstream piping in order to maintain reasonable velocities of the fluid. If the 
process leads to a two-phase downstream condition, there may be some slippage 
between the phases (i.e., the relative fraction of the vapor and liquid inventoried 
in the piping may differ from that of the net throughput). Two-phase flow character- 
istics can be extremely complex, and determination of this behavior is beyond the 
scope of this discussion. 

An important consideration in the design of a cryogenic piping system arises 
from recognition that a confined fluid cannot increase in specific volume, or change 
in density, when heated. Extreme overpressurization can result when a cryogenic 
liquid which is trapped between valves is warmed, for example by heat leak. Con- 
fined nitrogen which is initially liquid at 101.5 psia (0.7 MPa) will [following the 
43.70 Ib(m)/ft (700 kg/m?) constant density line] exceed 1160 psia (8 MPa) when 
warmed to —270.7°F (105°K) and approach 14,500 psia (100 MPa) at —100°F 
(200*K). This makes overpressure protection mandatory wherever entrapment of 
a cryogenic liquid or (initially) high-pressure cold gas is possible. 

Pressure-enthalpy charts for other cryogenic fluids are similar to those for nitro- 
gen. Charts for oxygen and argon are provided as Figs. C8.2 and C8.3, respectively. 
Sources of charts for additional fluids are given in the bibliography at the end of 
this section. The thermodynamic property interrelationships of these fluids are 
similar to those which have been illustrated for nitrogen. 

Rapid exposure of a partially confined cryogenic liquid to heat may result in 
overpressurization even when some outlet is provided. The possibility of a cryogenic 
liquid spill into a warmer environment must be considered in designing any enclosure 
around a piping system. 
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TABLE C8.5M (Metric) 


Physical and Thermodynamic Properties of Cryogenic Fluids 


Hydrogen Hydrogen Carbon Nitric 
Helium equil normal Neon Nitrogen Monoxide Air Fluorine Argon Oxygen Methane Krypton Oxide 
Formula He e-H2 n-H2 Ne N2 CO Mixture F2 Ar 02 CH4 Kr NO 
Molecular weight 4 2.02 2.02 20.18 28.01 28.01 28.96 38 39.95 32 16.04 83.80 30.01 
Triple point 
Temperature, K 13.83 13.95 24.55 63.15 68.15 53.48 83.81 54.36 90.68 115.76 109.51 
Pressure, kPa 7.0 72 43.3 12.5 15.4 0.252 69.1 0.15 11.7 73.2 21.9 
Heat of fusion, J/g 582 58.1 16.26 25.74 30.0 24.2 29.58 13.9 58.6 19.6 76.6 
Normal boiling point, 
Temperature, K 4.22 20.27 20.38 27.09 77.35 81.7 78.7/81.7 84.95 87.29 90.19 111.64 119.78 121.38 
Density, kg/m? 
Liquid 124.9 70.8 70.7 1.205 805.4 789 875.4 1524 1,394 1,134 423 2,414 1,269 
Vapor 16.89 1.34 1.329 9.58 4.60 4.40 4.51 5.64 5.77 4.49 1.818 8.8 3.04 
Heat of vaporization, J/g 20.4 442 448 85.8 199.7 215.8 201.1 174.5 160.78 212.1 510 107.6 459 
Specific heat, J/g-K 
Liquid 4.52 9.71 9.75 1.91 2.042 2.15 1.966 1.511 1.07 1.737 3.43 0.55 
Vapor 9.08 12.23 12.20 1.16 1.34 1.22 1.130 0.825 0.56 0.971 2.15 0.26 
Viscosity, g/m-s 
Liquid 0.0036 0.0133 0.0133 0.13 0.17 0.17 0.18 0.237 0.27 0.189 0.12 0.38 
Vapor 0.0012 0.0011 0.0011 0.0042 0.0052 0.0056 0.01 0.0072 0.0070 0.0074 0 0.01 0.01 
Thermal conductivity, W/m-K 
Liquid 0.026 0.119 0.119 0.114 0.14 0.140 0.14 0.16 0.12 0.150 0.193 0.090 
Vapor 0.009 0.017 0.017 0.01 0.0070 0.0069 0.01 0.01 0.0057 0.0076 0.01 0 0.01 
Critical point 
Temperature, K 5.19 32.98 3325 44.40 126.2 132.85 132.5 144.3 150.65 154.58 190.55 209.39 180 
Pressure, kPa 221.5 1,293 1.297 2,653 3,400 3,494 3,766 5215 4,898 5,043 4,599 5,496 6,480 
Density, kg/m? 69.64 314 31 483.1 313.1 303.9 316.5 574 535.7 436.2 162.7 910.7 517.4 
Gas at 101.325 kPa, 294.26 K 
Density, kg/m? 0.17 0.08 0.08 0.836 1.160 1.161 1.2 1.57 1.66 1.33 0.665 3.48 1.244 
Specific heat, J/g-K 5.19 14.84 14.29 1.030 1.041 1.039 1.01 0.83 0.52 0.92 2.226 0.25 0.971 
Specific heat ratio 1.67 1.383 1.407 1.67 1.401 1.402 1.4 1.36 1.67 14 1.31 1.67 1.40 
Viscosity, g/m-s 0.020 0.0089 0.0089 0.031 0.0174 0.0176 0.0183 0.02 0.02 0.0204 0.01 0.03 0.02 
Thermal conductivity, W/m-K 0.15 0.190 0.183 0.048 0.0254 0.0247 0.0261 0.03 0.02 0.0263 0.033 0.01 0.026 
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TABLE C8.5M (Metric) 


Physical and Thermodynamic Properties of Cryogenic Fluids (Continued) 


Nitrous Hydrogen Carbon Hydrogen 
R-14 Ozone Xenon Ethylene Ethane Oxide Oxide Acetylene Dioxide Sulfide Propylene Propane Ammonia 
Formula CF4 03 Xe C2H4 C2H6 N20 HCI C2H2 CO2 H2S C3H6 C3H8 NH3 
Molecular weight 88.01 48 131.3 28.05 30.07 44.01 36.46 26.04 44.01 34.08 42.08 44.1 17.03 
Triple point 
Temperature, K 89.52 80.65 161.36 103.97 89.9 182.33 158.97 192.1 216.58 187.62 87.89 85.47 195.41 
Pressure, kPa 0.11 0 81.60 0.12 0 87.9 14 120.0 518 23.2 2E-07 3E-07 6.1 
Heat of fusion, J/g 7.95 17.26 119 95.1 149 54.9 144 204.9 69.7 71.4 79.9 332 
Normal boiling point, 
Temperature, K 145.09 161.85 165.03 169.38 184.57 184.67 188.15 189.1s 194.67s 212.81 225.46 231.08 239.72 
Density, kg/n? 
Liquid 1633 1354 2941 567.8 544 1233 1190 965 609 581 682 
Vapor 7.74 3.70 10.00 2.09 2.056 3.11 2.5 2.10 2.0 2.36 2.42 0.89 
Heat of vaporization, J/g 134.1 295.8 95.73 481.4 491 376 443 818s 573s 548 439 428 1,371 
Specific heat, J/g-K 
Liquid 0.9 0.35 241 2.43 1.61 1.83 2.03 2.246 4.43 
Vapor 0.5 0.17 1.37 40 0.85 1.02 1.31 1.46 2.24 
Viscosity, g/m-s 
Liquid 0.32 0.49 0.164 0.168 0.407 0.42 0.176 0.199 0.262 
Vapor 0.0 0.01 0.0058 0.0059 0.01 0.0090 0.01 0.01 0.0064 0.0081 
Thermal conductivity, W/m-K 
Liquid 0.09 0.22 0.07 0.19 0.15 0.17 0.34 0.23 0.149 0.129 0.587 
Vapor 0.0 0.0033 0.0077 0.0093 0.01 0.01 0.01 0.01 0.0093 0.0114 0.0175 
Critical point 
Temperature, K 227.6 261.1 289.74 282.35 305.42 309.6 324.69 308.32 304.12 373.2 365.57 369.8 405.5 
Pressure, kPa 3740 5570 5,821 5,042 4,880 7,255 8310 6,139 7,374 8937 4,665 4,240 11,353 
Density, kg/m? 629 537 1,100 214.2 204.6 454 450 231.2 467.8 346 223.4 220.5 235.2 
Gas at 101.325 kPa, 294.26 K 
Density, kg/m? 3.66 1.99 547 1.169 1.256 1.836 1.52 1.086 1.832 1.43 1.77 1.861 0.713 
Specific heat, J/g-K 0.690 0.825 0.160 1.525 1.737 0.88 0.8 1.67 0.839 1.02 1.52 1.67 2.09 
Specific heat ratio 1.16 1.68 1.248 1.20 1.30 1.41 1.26 1.316 1.32 EZY 1.14 132 
Viscosity, g/m-s 0.017 0.023 0.010 0.0092 0.01 0.01 0.01 0.015 0.0126 0.01 0.01 0.0101 
Thermal conductivity, W/m-K 0.0155 0.01 0.020 0.020 0.017 0.014 0.02 0.0159 0.018 0.02 0.017 0.023 
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FIGURE C8&.1 P-H diagram for nitrogen (P = 0.01-100 MPa). (Reproduced with permission from Jacobsen, 


Penoncello and Lemmon, Thermodynamic Properties of Cryogenic Fluids, Plenum Press, NY, 1997.) 
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FIGURE C8.2 P-H diagram for oxygen (P = 0.0001-80 MPa). (Reproduced with permission from Jacobsen, 
Penoncello and Lemmon, Thermodynamic Properties of Cryogenic Fluids, Plenum Press, NY, 1997.) 
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FIGURE C8.3 P-H diagram for argon (P = 0.06-60 MPa). (Reproduced with permission from Jacobsen, 
Penoncello and Lemmon, Thermodynamic Properties of Cryogenic Fluids, Plenum Press, NY, 1997.) 
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Certain fluids require special consideration. Liquid carbon dioxide, for example, 
is not stable at atmospheric pressure. (This is indicated on Table C8.5M by a triple- 
point pressure above atmospheric). Loss of pressure on a liquid carbon dioxide 
system (or a high-pressure gas system at sufficiently low temperature) will result 
in dry ice formation. 

Physical and thermodynamic property data on cryogenic mixtures are not readily 
available in easily applied chart or tabular format (as they are for pure fluids). 
Required design data are usually computer generated from complex correlations 
for specific cases. Knowledge of pure fluid behavior will, however, provide an 
awareness of many factors which require consideration in the design of a cryogenic 
piping system. 

Among the specific differences between the behavior of pure fluids and that of 
mixtures is a potentially much broader range of temperature and pressure conditions 
within the two-phase region for the latter case, and differences in composition 
between the individual phases and that of the overall mixture. There is also a 
possibility of one of the components freezing under conditions wherein other compo- 
nents may exist as gas and/or liquid mixtures. Although a component which is 
below its normal freezing point may have considerable solubility in the liquid or 
gas mixture, the possibility of solid formation should be anticipated when any of 
the components is present in a mixture at a temperature below its triple point. This 
situation may result from the mixing of two streams, neither of which contains a 
frozen component. 

The designer should have knowledge of the combustion and physiological proper- 
ties of the fluids being handled. Air and other oxidants must be excluded from 
piping transporting flammable fluids and from any enclosure (such as a cold box) 
into which leakage may occur. Conditions which may concentrate flammable con- 
taminants present a danger in air separation. A number of cryogenic fluids are 
toxic, and all can present an asphyxiation hazard, particularly within confined areas. 
Venting of these fluids must take into account the possibility that temperature 
differences from the ambient air may lead to unexpected localized concentration 
buildups which threaten the safety of personnel and equipment. 
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MATERIALS USED IN CRYOGENIC 
PIPING SYSTEMS 


Robert Zawierucha 
Manager, Materials Engineering Laboratory 
Praxair, Inc. 


Important considerations in the selection of materials for cryogenic piping systems 
include suitable mechanical and physical properties, compatibility with process 
fluids, fabricability, cost, and compliance with regulatory codes. 

The subject of materials for cryogenic applications has been generously treated in 
the technical literature. For those interested in additional background information, a 
few selected works in this area appear in the references and bibliography at the 
end of this section. The prime focus of this section, however, is cryogenic piping for 
the chemical process industry and commercial cryogenic distribution applications. 
Consequently, this overview will be deliberately limited in its scope and coverage, 
and many materials (such as those used in aerospace applications) will not be 
covered. The materials that will be covered include ferrous alloys, nonferrous alloys, 
and nonmetallic materials. 


FERROUS MATERIALS 


Ferrous alloys most often encountered in cryogenic piping applications are usually 
classified as ferritic or austenitic types. The terms austenitic and ferritic refer to the 
predominant crystallographic phases ferrite or austenitic, which are body centered 
cubic (BCC) and face centered cubic (FCC), respectively. 
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Ferritic Alloys 


Most of the steels in common use are ferritic. This classification also covers steels 
which are martensitic as a result of heat treatment. Low cost, ease of fabricability, 
and high strength via heat treatment are major reasons for their popularity. Ferritic 
alloys, however, can exhibit a ductile-to-brittle toughness transition. The Charpy 
Impact Test, by which measurements of energy absorption, lateral expansion, and 
ductile fracture appearance are made, is the most common method of measuring 
this transition. 

However, the ductile-to-brittle transition temperature in ferritic steels can be 
influenced by a number of variables involved in the steel-making process which 
control the levels of residual elements, inclusion shape, and heat treatment tech- 
niques which in turn control grain size and crystallographic morphology. A compre- 
hensive review of these approaches is beyond the scope of this document. However, 
alloying with nickel, reduction of sulphur levels, and reductions in grain size may 
be stated as the most popular approaches with ferritic alloys. Table C8.6 contains 
a listing of some of the most common ferritic alloy steels used in cryogenic piping. 
Minimum service temperatures are included as well as the applicable ASME specifi- 
cations. 

Table C8.7 and Table C8.7M (Metric) contain a listing of the same materials as 


TABLE C8.6 Typical Ferrous Alloys Used in Cryogenic Piping 


Minimum ASME? 
Alloy temperature* specification Comment 


C-Mn steel! —46°C (—S0°F) $A-3339 Grade 1 | Aluminum killed, fine 
grain practice 


21496 Ni steel! —73*C (—100°F) SA-333 Grade 7 | Aluminum killed, fine 
grain practice 


31596 Ni steel! —101°C (—150°F) | SA-333? Grade 3 | Aluminum killed, fine 
grain practice 


9% Ni steel! —196°C (—320°F) | SA-333? Grade 8 | Aluminum killed, fine 
grain practice 


304 Stainless steel? —254°C (—425°F) | SA-3123 


304L Stainless steel’ | —254°C (—425°F) | SA-312 


316 Stainless steel” —196°C (—320°F) | SA-312 


316L Stainless steel? | —196°C (—320°F) | SA-312 


347 Stainless steel? —254°C (—425°F) | SA-3123 


* Design minimum temperature for which material is normally suited without impact testing other than 
that required by material specification. 

! Ferritic steels. 

? Austenitic steel. 

3 Corresponding ASTM specifications are A333 and A312. 

Source: Praxair, Inc. 
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TABLE C8.7 Typical Mechanical and Physical Properties of Ferrous Alloys 


Alloy 


ASME? 
spec. 


Temperature* 


CF) 


Ultimate 
tensile 
strength 
(ksi) 


0.2% Offset 
Yield strength 
(ksi) 


Elongation 
in 2 in. 


(%) 


Charpy 
impact 
strength 


Thermal 
expansion 
(in/in °F X 1079) 


Thermal 
conductivity 
(BTU(hr- ft-^F) 


C-Mn steel! 


SA 333 
Grade 1 


RT 
=50 


30 


210 


6.5 
3.0 


21496 Ni steel? 


SA 333 
Grade 7 


RT 
—100 


180 


3⁄2% Ni steel’ 


SA 333 
Grade 3 


RT 
—150 


180 


9% Ni steel? 


SA 333 
Grade 8 


RT 


304 stainless 
steel 


SA 312 
TP 304 


RT 


304L stainless 
steel 


SA 312 
TP 304L 


RT 


Same as 304 
Same as 304 


Same as 304 
Same as 304 


316 stainless 
steel 


SA 312 
TP 316 


RT 


9.0 
7.8 


9 
0 


316L stainless 
steel 


SA 312 
TP 316L 


RT 


Same as 316 
Same as 316 


Same as 316 
Same as 316 


347 stainless 
steel 


SA 312 
TP 347 


RT 


* Minimum value as stated in ASME Specification SA-333. 


! Normalized, aluminum killed, fine grain practice. 


? Quenched and 


empered. 


3 Corresponding ASTM specifications are A333 and A312. 
* RT is room temperature. 


Source: 


Praxair Inc. 
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TABLE C8.7M (Metric) 


Alloy 


ASME? 
spec. 


Temperature* 
CO) 


Ultimate 
tensile 
strength 
(MPa) 


0.296 Offset 
yield strength 
(MPa) 


Typical Mechanical and Physical Properties of Ferrous Alloys 


% Elong. in 
5.1 cm 


(96) 


Charpy 
impact 
strength 
(Joules) 


Thermal 
expansion 
(m/m/K X 1075) 


Thermal 
conductivity 
(W/m- K) 


C-Mn steel! 


SA 333 
Grade 1 


RT 
—46 


379 


207 


210 


95 
68 


11.7 
54 


21496 Ni steel? 


SA 333 
Grade 7 


RT 
=S 


448 
517 


241 
276 


18 


79 
27 


3⁄2% Ni steel? 


SA 333 
Grade 3 


RT 
—101 


689 
11379 


517 
586 


18” 


130 
30 


10.4 
8.6 


9% Ni steel” 


SA 333 
Grade 8 


RT 
—196 


793 
1172 


621 
931 


64 
34 


10.4 
8.6 


304 Stainless 
steel 


SA 312 
TP 304 


RT 
—254 


586 
1724 


262 
483 


156 
102 


16.2 
2.1 


304L Stainless 
steel 


SA 312 
TP 304L 


RT 
—254 


552 
1551 


255 
469 


81 
81 


Same as 304 
Same as 304 


Same as 304 
Same as 304 


316 Stainless 
steel 


SA 312 
TP 316 


RT 
—198 


600 
1358 


262 
448 


16.2 
12.4 


15 
0 


316L Stainless 
steel 


SA 312 
TP 316L 


RT 
—198 


586 


262 


Same as 316 
Same as 316 


Same as 316 
Same as 316 


347 Stainless 
steel 


SA 312 
TP 347 


RT 
—254 


621 
1586 


* Minimum value as stated in ASME Specification SA-333. 
! Normalized, aluminum killed, fine grain practice. 
? Quenched and tempered. 
? ASTM specifications are A333 and A312. 
* RT is room temperature. 
Source: Praxair Inc. 


469 
483 


15.6 
12.9 


14 
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Table C8.6 with typical data, including some data not found in the ASME specifica- 
tions. Included in Tables C8.7 and Table C8.7M are mechanical properties such as 
strength, impact, and elongation, as well as thermodynamic data such as thermal 
expansion and thermal conductivity at cryogenic temperatures (boiling point at 
1 atmosphere). 


Austenitic Alloy Steels 


In addition to providing data on the ferritic alloy steels, Tables C8.6, Table C8.7, 
and Table C8.7M also contain a listing of austenitic stainless steels which are likely 
to be encountered in cryogenic piping. Most of the austenitic alloy steels used in 
cryogenic piping are chromium-nickel stainless steels of the AISI 300 type, such as 
304, 304L, 316, and 316L. Other stainless steels classified as martensitic, duplex, 
and precipitation hardening also exist; however, the preceding alloys are most 
commonly used in cryogenic piping for chemical process and distribution applica- 
tions. 

A major consideration in the use of the 300 Series stainless steels is the improve- 
ment in toughness properties they provide and elimination of the sharp ductile-to- 
brittle transition found in ferritic steels. These alloys have been used to contain 
and distribute liquid hydrogen and helium. Consequently, while the austenitic stain- 
less steels were originally developed for corrosion resistance, their toughness and 
excellent fracture properties are what led to their selection for cryogenic piping ap- 
plications. 

Of the 300 Series alloys, the AISI 304 composition is the most popular as 
measured by tonnage. It should be noted that there is a preference for AISI 316L 
in the electronics industry for the distribution of high-purity gases that are free of 
particulates. Furthermore, piping and tubing used in this application are frequently 
electro-polished, and the trend is for an increase in electro-polishing for ultra-high- 
purity applications. 

Cast versions of the common austenitic stainless steels may be used if valve 
applications exist. CF3, CF3M, CF8, and CF8M are cast equivalents of 304L, 316L, 
304, and 316, respectively. Note that the cast stainless steels have been optimized 
for castability, and increased delta ferrite levels may adversely affect toughness at 
cryogenic temperatures. Similar effects may be observed in austenitic weld filler 
metals, and both castings and weld fillers should be well characterized and qualified 
prior to use in cryogenic piping systems. 


NONFERROUS ALLOYS 


Nonferrous alloys encountered in cryogenic piping are usually of the aluminum, 
cuprous, or nickel families. None of the three alloy families exhibit ductile-to-brittle 
toughness transition due to the FCC crystal lattice. Common nonferrous alloys used 
in cryogenic piping appear in Table C8.8, Table C8.9, and Table C8.9M (Metric). 


Aluminum Alloys 


Common aluminum alloys used in cryogenic process piping do not represent the 
gamut of what is available in aluminum alloys. The high-strength aluminum alloys 
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TABLE C8.8 Typical Nonferrous Alloys Used in Cryogenic Piping 


Minimum 
Alloy Tempers temperature 


1100 Aluminum O, H11 —254°C (—452°F) 


3003 Aluminum O, H112 —254°C (—452°F) 


5052 Aluminum O, H32 —254*C (—452°F) 


5083 Aluminum O, H112 —254°C (—452°F) 


5086 Aluminum O, H112 —254°C (—452°F) 


6061 Aluminum T6 —254°C (—452°F) 


Copper (C10200, C12200) Annealed —198°C (—325°F) 


Copper-nickel (70600) Annealed —198°C (—325°F) 


Copper-nickel (C71500) Annealed —198°C (—325°F) 


Monel 400, Al-Cu alloy Annealed —198°C (—325°F) 


* Design minimum temperature for which material is normally suitable without impact testing other 
than that required by material specification. 

! Corresponding ASTM specifications are B75, B165, B210 and B467. 

Source: Praxair Inc. 


commonly used in aerospace applications are not used in the chemical process 
industry because of the lack of ASME Code coverage or other considerations such 
as corrosion. 

Aluminum compositions of the 5083 and 6061 types constitute the highest- 
strength alloys used in cryogenic applications, and tempers of these alloys are 
suitable at temperatures as low as —452°F (—254°C). From the toughness standpoint, 
5083 would be preferred. However, prolonged exposure to temperatures as high 
as 152°F (66°C) during thaws can result in both a reduction in corrosion resistance 
and toughness. For low-strength applications, the 3000 series are also used. 


Copper and Cuprous Alloys 


Most of the early work in the cryogenic industry was accomplished through the 
use of copper process vessels, piping, and tubing. Aluminum has extensively replaced 
copper and cuprous alloys in the fabrication or air separation plants. However, 
copper and cuprous piping are still extensively used in piping and tubing runs from 
cryogenic tankage for several reasons which include ease of fabrication (e.g., brazing, 
soldering), resistance to ignition, and combustion resistance in oxygen-enriched 
systems. It may be noted that orbital arc-welded stainless piping systems are increas- 
ingly replacing cuprous piping for the delivery of particulate and contaminant-free 
electronic grade gases. 
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TABLE C8.9 Typical Mechanical and Physical Properties of Nonferrous Alloys* 


Alloy 


Ultimate 
tensile 
strength 
(ksi) 


0.296 Offset 
yield 
strength 
(ksi) 


Elongation 
in 2 in. 


(%) 


Charpy 
impact 
strength 
(ft - Ib) 


Thermal 
expansion 
(in/in °F x 10~°) 


Thermal 
conductivity 
[BTU(h- ft -°F)] 


1100 Aluminum 
0, H112 


138 24H 
24S 


5S 152H 
8S 


40S 10H 
56S 


16S 70H 


3003 Aluminum 
0, H112 


16S 29H 
328 


6S  186H 
9S 


35S 7H 
48S 


16S 70H 


5052 Aluminum 
O, H32 


43S 46H 
76S 


37S 290H 
47S 3719H 


128 8H 
428 30H 


5083 Aluminum 
0, H1112 


428 
63S 


218 193H 
238 


228 16H 
328 


5086 Aluminum 
0, H112 


38S 
78S 


17S 
20S 


228 
38S 


6061 Aluminum 
T6 


Copper (C10200, 
C1200) 


90/10 Cu-Ni 
CDA 706 


70/30 Cu-Ni 
CDA 715 


Monel 400 


* The letters S and H designate soft and hardened conditions respectively. 
! Corresponding ASTM specifications are B75, B165, B210 and B467. 


Source: Praxair, Inc. 
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TABLE C8.9M (Metric) Typical Mechanical and Physical Properties of Nonferrous Alloys* 


Ultimate 0.296 Offset Charpy 
tensile yield Elongation impact Thermal Thermal 

; strength strength in 5.1 cm strength expansion conductivity 

Alloy (MPa) (MPa) (%) (Joules) (m/m/K X 1075) (W/(m- K)) 


1100 Aluminum 908  165H 348 152H 40S 10H 228 95H 216 
0, H112 165S 55S 56S 450 


3003 Aluminum 1108 200H 41S 186H 35S 7H 22S 95H 159 
0, H112 221S 62S 48S 147 


5052 Aluminum 2968 317H 2558 290H 128 8H 130 
0, H32 5248 593H 3248 379H 428 12 


5083 Aluminum 2908 303H 145S 193H 228 16H 117 
0, H1112 4348 159S 32S 


5086 Aluminum 2628 290H 117S 117H 228 
0, H112 5388 662H 1388 179H 38S 


6061 Aluminum 310 276 
T6 483 345 


Copper (C10200, 228 69 
C12200) 359 97 


90/10 Cu-Ni 303 110 
CDA 706 


70/30 Cu-Ni 303 138 
CDA 715 586 214 


Monel 400 552 172 
793 345 


* The letters S and H designate soft and hardened conditions respectively. 
! Corresponding ASTM specifications are B75, B165, B210 and B467. 
Source: Praxair, Inc. 
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Nickel Alloys 


While nickel alloys could be used in cryogenic piping systems on the basis of their 
mechanical properties, their high cost generally precludes their use. One major 
exception is the use of Monel,® a nickel-copper alloy, which may be used in oxygen 
systems to minimize ignition tendencies where there is concern of impingement or 
the potential for high velocities. 


NONMETALLIC MATERIALS 


Although the bulk of the materials used in cryogenic pipelines are metals, nonmetal- 
lic materials have critical functions in cryogenic pipeline components such as valves 
and insulation. Numerous nonmetallic components have been used in cryogenic 
pipeline applications, and it would be beyond the scope of this section to cite them 
all. A brief listing of some of the more common nonmetallic materials used in 
pipeline components is found in Table C8.10, Table C8.11, and Table C8.11M 
(Metric). 


TABLE C8.10 Typical Examples of Nonmetallic Materials Used in 
Cryogenic Piping 


Application Material 


Gaskets Durabla (bonded or compressed asbestos) 
Grafoil (flexible graphite) 


Insulation (fiber) Mineral wool 
Fiberglass 


Insulation (foam) Polyurethane 
Styrofoam 
Foamglass(R) 


Insulation (powder) Perlite 
Vermiculite 


Insulation (sheet) Mylar 
Aluminum opacified paper 


Insulation (support brock) Transite 
Micarta 


Valve packing, seals, and lubricants | Viton 

KEL-F 
Glass-reinforced Teflon 
Fluorolube 


Source: Praxair Inc. 
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TABLE C8.11 Typical Mechanical and Physical Properties of Nonmetallic Materials 


Tensile | Modulus of Thermal Thermal Specific 
strength | elasticity | Specific expansion conductivity heat 
Material (ksi) (ksi) gravity | (in/in/°F x 105) | [Btu/(h - ft -°F)] | (Btu -1b -°F) 


Durabla (asbestos gasket material) 4-11 


Grafoil (flexible graphite) -75-1.00 11 


Mineral wool fiber insulation 0.27 0.15-0.2 


Fiberglass fiber insulation 50-500 20,000 


Perlite powder insulation 


Vermiculite powder insulation 


Mylar sheet insulation 700 
36 1600 


Aluminum opacified paper sheet | No longer 
insulation available 


Transite insulation block 


* Through thickness conductivity. 
Source: Praxair Inc. 


TABLE C8.11M (Metric) Typical Mechanical and Physical Properties of 
Nonmetallic Materials 


Tensile Modulus of Thermal Thermal Specific 
strength elasticity | Specific expansion conductivity heat 
Material (MPa) (MPa) gravity | (m/m/K X 10°) | [W/(m-K)] | J/(kg- K) 


Durabla (asbestos gasket material) 27-76 


Grafoil (flexible graphite) 5-7 1.1 


Mineral wool fiber insulation 1.9 0.15-0.2 


Fiberglass fiber insulation 344-3440 137,880. 


Perlite powder insulation 


Vermiculite powder insulation 


Mylar sheet insulation 117-124 4826. 
248 11,030. 


Aluminum opacified paper sheet No longer 
insulation available 


Transite insulation block No longer 
available 


* Through thickness conductivity. 
Source: Praxair Inc. 
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Again, compatibility and mechanical and physical properties must be considered 
in the selection of nonmetallic materials. With respect to compatibility, liquid 
oxygen is the commercial cryogen of greatest concern because of its large usage. 
Typical tests or experimental parameters covered in the selection of nonmetallic 
materials for oxygen service include autoignition temperature, heat of combustion, 
impact test, and oxygen index. Materials that are compatible with oxygen generally 
have high autoignition temperatures, low heats of combustion, high energy absorp- 
tion in impact tests, and high oxygen index values. Reference 1 gives advice about 
the specific criteria levels required for different applications. It is recommended 
that nonmetallic materials be qualified for oxygen service on a batch-by-batch basis. 

Liquid fluorine is of greater concern from the compatibility standpoint with 
respect to nonmetallic materials. However, the industrial usage of liquid fluorine 
is very low in comparison to the other industrial gases. Reference 2 should be 
consulted for information on liquid fluorine systems. 

The mechanical and physical properties of significance in the use of nonmetallic 
materials relate to their application in the form of insulation, gaskets, seals, and 
lubricants. It may be noted that they are not currently used as structural materials. 
Development of composites is expected to significantly increase the use of nonmetal- 
lic materials as structural components in cryogenic piping. 


JOINING 


Welding is the most common joining technique used in cryogenic piping. Brazing 
and soldering may be encountered in cuprous piping. With the recent trends toward 
high purity, there is a greater tendency to use orbital arc-welded stainless steel 
piping in lieu of brazed copper alloy piping. 

Joint selection, filler metals, process qualification, and welded qualification are 
covered in detail by the ASME Pressure Piping Code, Section B31.3, Process Piping 
Code. Generally, areas which have been welded, brazed, or soldered experience 
thermal effects which may exhibit reduced strength, ductility, or toughness if not 
properly controlled. Appropriate mechanical tests as specified by applicable codes 
must be performed to verify suitability. 

Within components such as cold boxes there may be occasions when transitions 
must be made between metals such as stainless steel and aluminum, forming joints 
which are difficult to weld directly or are unweldable. Transition joints are commer- 
cially available which may be classified as mechanical, brazed, diffusion bonded, or 
explosion bonded. Such joints have been successfully used in cryogenic applications. 
However, caution is advised in order to avoid in-service problems such as leaks, 
embrittlement, or actual joint separation. Careful vendor evaluation, joint design 
evaluation, and attention to fabrication details are required when dissimilar metal 
joints are required. 


ENVIRONMENTAL AND SAFETY CONCERNS 


A number of metallic and nonmetallic materials may be toxic, carcinogenic, tet- 
ragenic, or have other properties which are considered environmentally undesirable 
(i.e., effects on the ozone layer). For example, the use of asbestos-containing materi- 
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als such as Durabla or certain vermiculite ores may be further restricted or phased 
out. Similar concerns exist with cadmium-bearing brazing alloys. The recent concern 
about ozone depletion caused by chlorofluorocarbons could affect polyurethane 
foam production. Consequently, many common materials currently used in cryo- 
genic piping systems are likely to be phased out over time. 

Recent legislation mandates that material safety data sheets (MSDS) be obtained 
for all industrial substances that are in industrial use. This obviously includes the 
metallic and nonmetallic materials used in cryogenic piping. Failure to comply with 
the requirements and implementation provisions of the original legislation can have 
serious consequences for fabricators. 

Equipment used in oxygen services has additional requirements such as cleaning 
and velocity limitations which must be considered. Oxygen equipment must be 
cleaned to eliminate contaminants such as hydrocarbons and metal particulates, 
which could serve as ignition sources. Reference 3 provides a general discussion 
of this issue. In addition, velocity limitations may be placed on certain classes of 
material to preclude ignition by particle impingement. See Reference 4 for velocity 
limitations and design considerations pertinent to oxygen systems. 

Other industrial gases that might be encountered in cryogenic pipelines have 
specific hazards associated with them (i.e., flammability, toxicity, etc.). These are 
summarized in MSDS forms available from industrial gas suppliers. 
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PIPING SYSTEM DESIGN — FLUIDS 


M. J. Lockett 
Corporate Fellow 
Praxair, Inc. 


PIPE SIZING CRITERIA 


For all cryogenic fluids, except oxygen gas, pipe sizing is based on pressure drop 
considerations (for oxygen gas, see the section “Oxygen Gas Piping”). The pressure 
drop criteria presented in Chap. B8 are applicable to cryogenic fluids when the 
fluid is either in the liquid phase or gas phase flow regime. 

Heat transfer into a saturated cryogenic liquid or a drop in pressure can cause 
a portion of the liquid to flash into a gas (see the section "Properties of Cryogenic 
Fluids"). A two-phase (gas-liquid) flow condition must then be considered when 
determining the required pipe size and pressure head requirements (see the next 
section). Two-phase flow will result in larger pressure drop losses or a larger pipe 
size requirement than will liquid phase flow. Therefore, whenever possible, the 
fluid should be maintained in a single-phase flow condition. The liquid can be 
subcooled to prevent flashoff due to pressure decreases such as across throttling 
valves. Use of pipe insulation can reduce the heat leak into the piping, thereby 
also reducing flashoff. 


TWO-PHASE FLOW 


For prediction of the pressure drop experienced by a two-phase cryogenic fluid 
flowing along a pipe, the usual practice is to divide the pipe into sections for 
calculation purposes (see Fig. C8.4). At the beginning of a given pipe section, 
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FIGURE C8.4 Pipe section. 
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conditions are assumed to be known. The pressure drop over the section is then 
calculated based on the conditions at the beginning of the section, and so the 
pressure at the end of the section can be determined. The heat leak into the section 
is estimated from heat transfer correlations. An enthalpy balance over the section 
then allows the enthalpy (/) at the end of the section to be calculated (potential 
and kinetic energy changes over the section can usually be neglected). Knowledge 
of the pressure and enthalpy at the end of the section allows new conditions to be 
calculated from the thermodynamic properties of the cryogenic fluid. Such condi- 
tions include the temperature, vapor fraction, and physical properties of each phase. 
The calculations are then repeated for the next section, and so on to the end of 
the pipe. 


Two-Phase Pressure Drop 


The total pressure drop for two-phase flow consists of three parts; the frictional, 
gravitational, and accelerational pressure drops, so that, 


d dpr dpo d 
oa oe 
dz / rp dz dz dz 
where p is the pressure, pdl ft? (Nm ?)and z is the distance along the pipe, 
ft (m). 
Many correlations have been proposed to predict the frictional pressure drop 
(dp,/dz) and they are discussed in Chap. B8. The earliest correlation, which is still 


widely used, is that of Lockhart and Martinelli! 
To use this correlation, the steps are: 


1. Calculate the Reynolds number for each phase flowing alone in the pipe. 


M,D 

Rez = — (C8.2) 
ALL 
McD 

Rega E (C8.3) 
Ang 


where M;, Mg = liquid and vapor flow rates, Ibs! (kg s^!) 
A, D = pipe cross sectional area, ft? (m?), and diameter, ft (m) 
ML, lg = liquid and vapor viscosities, Ib ft"! s! (Nsm~’) 


2. Calculate the frictional pressure drop for each phase flowing alone in the 


pipe. 
dprY _ 2k (Rev) "px ( Mi Y (C84) 
dz ee D Apr i 
dpr) _ 2ko (Rec) "p (Mo Y? (C85) 
dà m D Apc . 


Where p;, pc = liquid and vapor densities, Ib ft? (kg m^). 
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The following table can be used to determine k;, kc, n, and m: 


The value of 0.046 is based on smooth pipes, and ¢ and v denote turbulent 
or laminar flow respectively. 


3. Calculate X from 
dut rn. 0.5 
x=) C). cso 
dz /, dz Jg 


4. Use Fig. C8.5 to determine 4$; or Qs. 
5. Calculate the frictional pressure drop for two-phase flow from either, 


oe | (25) (25) 2 (4) 

ee i e ee or —— ] =| — (C8.7) 
( dz 9r ae n dz 961 “ae à 

This correlation typically allows prediction of the frictional pressure drop to 
about +30%, but the discrepancy can be greater under some circumstances. 


Where the flow is other than horizontal, the gravitational pressure drop be- 
comes significant, and in vertical flow it is the dominant term. It may be calcu- 
lated from 


(42) = gsinOlapg + (1 — o)p1] (C8.8) 


where g = acceleration due to gravity, ft s? (ms?) 
a = void fraction 
0 — angle to horizontal, deg. 


Numerous correlations are available for the void fraction, and that of Lockhart 
and Martinelli is shown in Fig. C8.5. As it was derived originally for horizontal 
flow, it can be rather inaccurate for vertical flow. Other void fraction correlations 
are mentioned in Chap. B.8. 

The accelerational pressure drop is often negligible for two-phase flow of cryo- 
genic fluids. It can be estimated from, 


ES UE C8.9 
( dz A? dz |p — pL(l— o) ( ) 


where the expression on the right-hand side is evaluated over the pipe section. 
The total pressure drop calculated by this method should be increased by at 
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FIGURE C8.5 Lockhart-Martinelli correlation. 
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least 3096 for design safety. A final check should also be made for critical, or choked 


flow at the downstream end of the pipe. An equation proposed by Schweppe and 


Foust? for the maximum possible flow rate is 


(C8.10) 


where M, = maximum flow rate of the mixture, lbs"! (kg s^). 


1 


specific volume of the mixture based on homogenous flow, ft? Ib~ 


(m? kg). 


v= 
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so that 


Ma / es - Mi / er 
y m o——————————— 


(C8.11) 
Mr Ma 
and the partial derivative is evaluated under isentropic conditions. It can be calcu- 
lated for conditions at the downstream end of the pipe from the thermodynamic 
properties of the cryogenic fluid. 
An alternative version, involving the enthalpy, A, which is sometimes more 
convenient, is 


0.5 


A? 
Qv n ov 
Mid) y| — 
9p / a ah}, 


where the two partial derivatives are evaluated at constant enthalpy and constant 
pressure respectively. 

If M, is less than the assumed total flow rate, the pressure drop calculation 
should be repeated with a reduced total flow rate or an increased pipe diameter. 


Me r 


(C8.12) 


OXYGEN GAS PIPING 


For oxygen gas, the fluid velocity must also be considered when determining the 
pipe size. The allowable velocity is a function of the oxygen gas pressure and 
temperature and the material of the piping and its components. For systems with 
pressures up to 1000 psi (69 bar) and a maximum temperature of 200°F (366 K), 
carbon steel and stainless steel piping are acceptable provided that the maximum 
allowable gas velocity as shown in Fig. C8.6 is not exceeded. 


STEEL PIPELINE SYSTEM 


ERE C Rida 
50 |" 


MAXIMUM ALLOWABLE VELOCITY 
FT /SEC. (AT LINE CONDITIONS) 
3 
[s] 


200 400 600 800 1000 


INTERNAL PRESSURE, PSIG* 


FIGURE C8.6 Maximum velocity versus internal pressure for steel pipe- 
lines. (Ref. 3.) 
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When the velocity is exceeded, copper or a copper-base material such as brass 
or monel is required. The velocity criteria should also be considered at valves. For 
example, sonic velocity can occur at throttling and safety valves. Copper-base 
materials are required for the parts of the valves where high velocity can occur. 

When oxygen gas impinges directly on ferrous piping, such as from a side back 
feed line, the allowable velocity must be reduced to one-half the values given in 
Fig. C8.6, or the impingement surface must be a copper-base alloy. When the velocity 
returns to acceptable levels, the copper base alloy is extended for 8 diameters in 
pipe length before returning to ferrous piping. For a more thorough discussion of 
material requirements for oxygen service, see Ref. 3 at the end of this section. 


PIPING ARRANGEMENT 


Consideration of the cryogenic fluid properties has an effect on the piping arrange- 
ment. Because the cryogenic fluid is colder than ambient air, the continuous heat 
leak from ambient air to the piping system is a design consideration. 

Whenever cryogenic liquid can be trapped between two valves, a line block 
safety valve must be provided to prevent overpressurization caused by heat transfer 
from the ambient air to the cryogenic fluid. As noted earlier in the discussion of 
cryogenic fluids, containment of the pressure increase caused by vaporization of 
the trapped cryogenic liquid is not practical and use of a line block safety valve is 
mandatory. When cryogenic gas can be trapped between two valves, the pressure 
rise should be calculated to ensure that the piping system design pressure is not 
exceeded when the trapped gas warms up to ambient temperature. When the design 
pressure can be exceeded, a line block safety valve should be used. 

Traps are normally designed into liquid piping systems to prevent undesirable 
heat leak from a branch of the piping system when it is not in use. To form a trap 
at the branch and main run connection, a vertical rise equal to a minimum of 2 
pipe diameters is provided in the branch. Heat transfer into the nonflowing branch 
will cause the liquid to vaporize and a gas-liquid interface will form in the trap. 
The gas-liquid interface in the vertical rise will prevent flow from the main run 
into the nonflowing branch. Undesirable heat transfer and liquid loss is therefore 
reduced. When liquid flow is required through the branch, the liquid will flow 
through the trap. 

When a cryogenic liquid line is initially put in service, the warm piping will cause 
liquid flashoff, which could restrict the flow during the two-phase flow transient 
period. When it is possible to precool the lines, the piping can be sized for liquid 
phase flow, which will result in smaller piping. If rapid cooldown is required, the 
piping must be sized for two-phase flow. 

As a good approximation, the amount of liquid required to cool down a line is 


Mn Cpm AT, 
mA m (C8.13) 
(H, — Hi) 
where W = liquid, lb (kg) 
Mm = line to be cooled, Ib (kg) 
Cpm = mean specific heat of line, Btu/(Ib -^F), (kJ kg! K^!) 
AT, = temperature change through which line is cooled, “F(K) 
H, = enthalpy of fluid as a vapor at ambient conditions, Btu/Ib (kJ kg ^!) 
H; = initial enthalpy of liquid when entering line, Btu/Ib (kJ kg ^) 
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PIPING SYSTEM 
DESIGN — MECHANICAL 
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APPLICABLE CODES AND MATERIALS 


The applicable code for the design of cryogenic piping systems is the ASME B31.3 
Process Piping Code.' B31.3 presents a design procedure to determine the stresses 
in the pipe due to fluid pressure, pipe and fluid weight, and thermal expansion and 
contraction of the pipe. The code also lists piping materials by ASTM specification 
number. The allowable stress as a function of design temperature is listed for 
each material. The listed minimum design temperature is used to determine which 
materials are suitable for cryogenic service. 

Some of the materials can be used in lower-temperature service, provided the 
specified impact test is performed to ensure adequate ductility at the lower tempera- 
ture. The B31.3 Code also lists pipe fittings and bolting by ASTM number so that 
materials compatible with the pipe can be selected. For more discussion of materials, 
see the section “Materials Used in Cryogenic Piping Systems.” 

Other piping design considerations such as corrosion resistance, chemical com- 
patibility, and material melting point can affect the material selection. Some exam- 
ples of these conditions include: 


1. Copper-base materials are not recommended for ammonia or acetylene service 
because copper alloys react with the fluid. 


2. Stainless steel piping is recommended for flammable fluids such as hydrogen 
rather than lower-melting-point materials such as copper or aluminum unless 
the piping is protected to prevent exposure to heat in the event of a fire. 


3. Copper-base materials (such as monel) are recommended for high-velocity oxy- 
gen service. 


See Chap. B2 for discussion of formulas which can be used to calculate the pipe 
wall thickness as required to contain the fluid pressure. 
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ECONOMIC PIPE SIZING 


When a piping system is being designed, an initial pipe size must be selected before 
the piping configuration is developed. This subsection provides recommendations 
for selecting the initial pipe size. However, after the piping system is developed, 
the pipe size selection is finalized by calculating the pressure drop based on the 
actual piping configuration and comparing it to the pressure head available. 

For cryogenic liquid lines, the initial pipe size should be selected so that the 
liquid velocity is in the range of 5 ft/s (1.5 m/s). 

For cryogenic liquid lines, the initial pipe size should be selected based on the 
available pressure head (see section “Piping System Design— Fluids," subsection 
"Pipe Sizing Criteria"). When estimating pipe length and number of fittings to 
calculate the initial pipe size, add 50 percent to the total resistance coefficient, K, 
to allow for pipe loops and extra fittings as may be required for thermal flexibility. 
To ensure good process control, one-third of the total system pressure drop should 
be allotted to the control valves. 

Except for oxygen gas, as discussed in the section “Piping System Design— 
Fluids," subsection “Oxygen Gas Piping,” there are no specific gas velocity limita- 
tions. However, the gas velocity is normally less than 400 ft/s (130 m/s) to avoid 
noise problems and excessive pressure drop. For systems with pressures up to 400 
psi (2750 KPa), gas velocities in the range of 50 to 200 ft/s (15 to 65 m/s) are common. 

When the pipe size of the gas line affects the plant power consumption, the 
initial pipe size can be selected by using the following equation. The equation 
calculates the pipe diameter that provides the minimum total cost; that is, pipe 
capital cost plus operating power cost. 


Economical pipe sizing (Imperial units) | Economical pipe sizing (Metric units) 


0.16 0.16 


"asd 0.48 THCY 0.48 
D= (0.0275)( LE ) Ero (C8.14) D= (7.254)( LET ) ES (C8.14M) 
where M = molecular weight where M = molecular weight 
T — absolute temperature, K T — absolute temperature, K 
U — average compression U — average compression 
temp., K temp., K 
C = cost of power, $/kW -h C — cost of power, $/megajoule 
Y = evaluation period, years Y = evaluation period, years 
E — compressor overall E — compressor overall 
efficiency efficiency 
A = pipe cost fraction, $ per A = pipe cost fraction, $ per 
100-ft/in pipe diameter 100-m/mm pipe diameter 
Q = flow rate, ft?/h @ 70°F, Q = flow rate, m?/h € 0°C 
14.7 psia P = absolute pressure, KPa 
P = absolute pressure, psia D = inside pipe diameter, mm 


D = inside pipe diameter, in 


PIPING COMPONENTS 


The types of valves used in cryogenic service are similar to those used for conven- 
tional fluids, except that the valves may require unique design features due to the 
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cryogenic fluids. Metallic and nonmetallic materials must be suitable for the low- 
temperature service. See the discussions on materials in the section “Materials Used 
in Cryogenic Service." Valve types used include gate, globe, butterfly, ball, check, 
and safety. 

The stems of gate, globe, butterfly, and ball valves are extended so that the 
valve packing and operator remain at ambient temperature when cryogenic fluid 
is in the valve body. The valves are oriented so that the packing is at a higher 
elevation than the valve body, so that a gas pocket can form inside the valve's 
extension tube, thereby making the extension tube more effective at insulating the 
packing from the cold temperatures. Figure C8.7 shows an extended stem gate valve. 


LEGEND 
ITEMNO. PART NAME ITEM NO. PART NAME 
1 BODY 6 BONNET BOLTING 
2 BONNET 7 BONNET GASKET 
3 . WEDGE 8 PACKING 
4 — STEM 9 YOKE BUSHING 
5 EXTENSION TUBE 
FIGURE C8.7 Extended stem gate valve. (Courtesy Prax- 
air, Inc.) 


Valves must be designed so that liquid cannot be trapped in a portion of it when 
the valves are cycled from open to closed. When a conventional gate valve is closed, 
it is possible for liquid to be trapped in the bonnet area. If liquid is trapped, heat 
input from the atmosphere will cause the liquid to vaporize and overpressurize the 
valve body. When a gate valve is used in cryogenic service, the bonnet area is 
vented to one side of the valve so that any vaporized gas cannot be trapped in the 
bonnet area. Figure C8.8 shows one method that is used to vent the bonnet area 
of a gate valve. 

With a conventional ball valve, liquid can be trapped between the ball and the 
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1/8" DIA. 


FIGURE C88 Gate valve—vented bonnet. 
(Courtesy Praxair, Inc.) 


seat. Similarly, for ball valves in cryogenic service, the ball area is vented to one 
side of the valve. 

During the cool-down or thaw of a cryogenic piping system, different parts of 
the valves may cool down or warm up at different rates, resulting in varying rates 
of contraction and expansion. The valve design must consider that the valves are 
required to be operational during these conditions. 


FLEXIBILITY ANALYSIS AND SUPPORTS FOR 
CYROGENIC PIPING SYSTEMS 


Piping flexibility analysis is an important design consideration because the large 
difference between ambient and cryogenic temperatures will result in significant 
thermal contraction. The analysis methods used are similar to those required for 
conventional piping systems as discussed in Chap. B4. The one difference is that 
piping in cryogenic service contracts rather than expands as is the case with high- 
temperature service. However, since the commercially available flexibility analysis 
computer programs have the temperature range as an input value, and the program 
calculates the resulting thermal contraction, the analysis methods become identical 
to those used for conventional piping systems. 

When possible, cryogenic piping is routed so that the piping configuration pro- 
vides adequate flexibility. Generally, piping is routed in a manner that includes Z, 
L, and U bend configurations to take up the pipe movement while keeping the 
stresses within the allowable range. When additional flexibility is required, the 
flexibility can be increased by the addition of expansion loops (U bends) or the 
addition of flexible metal hose. Flexible hose can accommodate larger pipe move- 
ments and can result in a more compact design. However, the use of flexible hoses 
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may result in requiring more pipe supports to guide the piping so that the pipe 
movement is taken up by the hose. 

The flexible hose is located so that pipe movement is lateral to it. The braided 
cover on the flexible hose prevents any significant pipe movement axial to the 
flexible hose. A flexible hose acts similarly to an expansion joint designed for lateral 
movements. The recommended upper pressure limit for flexible hose and expansion 
joints is 1000 psi (6900 kPa). 

Hanging-style pipe supports can be used to accommodate significant pipe move- 
ment in both the lateral and axial directions. Roller-style pipe supports can be used 
to accommodate large axial pipe movement. When the amount of pipe movement 
exceeds the capability of a hanger or roller pipe support system, a fixed support 
located in the center of the pipe span can be effective in reducing the amount 
of movement. 

When an uninsulated cryogenic line is supported, a portion of the pipe support 
will be at cryogenic temperature. The lower temperature should be considered 
when selecting the materials for the pipe support and its hardware. 


INSTALLATION OF PIPING COMPONENTS 


To minimize potential leaks, welding and brazing are the most common assembly 
methods for cryogenic piping systems. In accordance with the B31.3 Code, solder 
joints are not acceptable for cryogenic service. However, to allow removal of valves 
and other piping components for maintenance, other assembly methods are used 
at piping components. 

Piping components with threaded fittings are used in small sizes, usually NPS 
1% pipe size and smaller. Flange joints are used for large sizes, with flanges provided 
in accordance with ASME B16.5. For raised-face and flat-face flanges, gaskets are 
usually compressed asbestos sheets, spiral-wound stainless steel with asbestos or 
Teflon filler, or flexible graphite such as Grafoil. 


INSULATION SYSTEMS 


Most piping in liquid cryogenic service is insulated. The only reasons a line would 
not be insulated are that (1) its use is very infrequent and brief; (2) it is a temporary 
installation; or (3) the refrigeration losses are inconsequential. The following table 
shows the heat leak from a frosted, uninsulated line containing liquid nitrogen and 
subjected to an 8 mi/h (3.6 m/sec) wind: 


Heat leak per foot Heat leak per meter of 
Pipe size (in) of pipe (BTU/hr) Pipe size (mm) pipe (Watt) 


1 280 25 270 
2 530 50 510 
4 1000 100 960 


The type of insulation used for cryogenic piping includes (1) expanded foams 
such as polyurethane and foamglass, (2) powder insulations such as perlite, and (3) 
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vacuum-insulated pipe. For an insulation system to remain effective, the vapor 
barrier system must keep atmospheric moisture from entering the insulation space 
and freezing against the cryogenic line. When this occurs, the ice that is formed 
will degrade or destroy the insulation system. 

When the cryogenic liquid is colder than the boiling point of oxygen (—297°F 
or —183°C), oxygen can condense out of the air and collect in the insulation space. 
For this situation, the insulation system should be noncombustible in the presence 
of oxygen. 


TABLE C8.12 Thermal Conductivity of Pipe Insulation Materials at an Insulation 
Mean Temperature of —100°F 


Thermal conductivity Thermal conductivity 
Insulation [Btu/(h - ft -? °F)] W/(m-°K) 
Urethane foam 0.012 .021 
Foamglass 0.024 .042 
Perlite (at atmospheric pressure) 0.018 .031 
Perlite (vacuum at 1 um) 7.9 x 10* 1.37 x 10? 
Laminar radiation shielding 2.1 x 10° 3.63 x 10° 


(vacuum at 0.1 um) 


The typical values for thermal conductivity are shown in Table C8.12. The 
expanded foam insulations use a plastic covering, such as PVC or neoprene sheeting, 
to provide the vapor barrier protection. The initial capital cost is usually lower than 
the other systems, but more frequent maintenance is required to maintain a tight 
vapor barrier. 

Powder insulation is generally used when several piping segments and pieces of 
equipment can be grouped in one area. A metal jacket or casing is used to contain the 
perlite around the piping and equipment. When the insulation space is maintained at 
atmospheric pressure, it must be purged with a dry gas, such as nitrogen, to keep 
atmospheric moisture out of the casing. For improved heat transfer performance, 
the casing can be made vacuum-tight and the insulation space evacuated to a high 
vacuum. For powder insulation, high vacuum is a pressure level less than 1 jum of 
mercury when the line is at the normal cryogenic temperature operation condition (1 
um of mercury is equal to 10? torr). See Table C8.12 for typical thermal conductivity 
values. When considering this insulation option, the difficulty in maintaining a 
vacuum-tight casing must be weighed against the difficulty of maintaining a dry gas 
purge, considering the difference in heat transfer performance. 

Vacuum-insulated piping (VIP) is constructed of a stainless steel inner pipe that 
contains the cryogenic fluid, a stainless steel outer jacket to form the vacuum space, 
and insulation in the vacuum space. The insulation is normally laminar radiation 
shielding that consists of alternate layers of a reflective material, such as aluminum 
foil, and an insulation material, such as glass paper. For vacuum-insulated pipe, 
the required vacuum is a pressure level less than 0.1 wm, when the line is at the 
normal cryogenic operating condition. Heat leak by conduction and radiation is 
reduced by the laminar radiation shielding. The heat leak by convection is reduced 
by the vacuum. 

Nonmetallic spacers are required in the vacuum space to support and maintain 
alignment of the inner pipe within the outer pipe jacket. Bellows are required in 
one pipe to account for the differential expansion between the inner and outer 
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FIGURE C8.9  Vacuum-insulated pipe bayonet assembly. 
(Courtesy Praxair, Inc.) 


TABLE C8.13 Typical Heat Leak Values for Vacuum-Insulated Pipe when the Fluid 
Temperature is —320°F (—196°C) 


Bayonet 
and field- 
Pipe size welded 
(in)t Pipe Elbow Tee Flex hose joints Valve 
94 0.47 1.50 2.00 1.41 15 14 
1 0.50 2.30 3.40 1.50 21 15 
1% 0.58 2.60 4.00 1.74 23 19 
2 0.64 3.00 4.50 1.92 24 25 
3 0.79 3.80 5.70 2.37 48 64 
4 0.92 4.40 6.50 2.76 84 79 
6 1.20 6.00 9.00 3.60 110 120 
8 1.46 7.40 11.00 4.38 140 180 


* (Heat leak values are BTU/h/ft of pipe and flex hose and are BTU/h for each fitting and valve.) 
+ For the inner pipe. 
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TABLE C8.13M (Metric) Typical Heat Leak Values for Vacuum-Insulated Pipe when the 
Fluid Temperature is —320°F (—196°C)* 


Bayonet 

and field- 

Pipe Size welded 

(mm)t Pipe Elbow Tee Flex hose joints Valve 

19 0.45 1.44 1.92 1.36 4 4 
25 0.48 2.21 3.27 1.44 6 4 
38 0.56 2.50 3.85 1.67 7 6 
50 0.62 2.88 4.33 1.85 7 7 
75 0.76 3.65 5.48 2.28 14 19 
100 0.88 4.23 6.25 2.65 25 23 
150 1.15 5.77 8.65 3.46 32 35 
200 1.40 7.12 10.60 4.21 41 53 


* (Heat leak values are watts/m of pipe and flex hose and are watts for each fitting and valve.) 
+ For the inner pipe. 


pipe. Due to the labor-intensive nature of fabricating VIP, it is normally shop- 
fabricated. To accommodate field installation, a mechanical joint is required be- 
tween pipe segments. A bayonet assembly is one type of joint that has an extended 
heat leak path between the inner pipe and the flange connection of the outer pipe. 
Figure C8.9 illustrates the bayonet assembly. 

Table C8.12 shows typical values of insulation thermal performance for laminar 
radiation shielding. For a vacuum-insulated piping system, the thermal performance 
of the straight pipe is affected by the number and type of spacers. The thermal 
performance of fittings and other components depend on fabrication techniques. 
Tables C8.13 and Table C8.13M (Metric) show typical heat leak performance values 
for commercially available vacuum insulated pipe. 

The total cost, including the piping system and the cost of refrigeration losses 
due to heat leak, should be considered when selecting an insulation system. For 
many permanent piping systems, vacuum-insulated pipe provides the most cost- 
effective insulation system. 


CLEANING 


All materials used in oxygen piping systems or connected with oxygen systems 
should be cleaned before the system is put into service. The cleaning must remove 
mill scale, rust, dirt, weld slag, oil, grease, and other organic materials. The purpose 
of the cleaning is to remove hazardous hydrocarbons and particulate contaminants 
which could ignite and cause a fire in an oxygen atmosphere. To obtain additional 
information on cleaning requirements, see Ref. 2. For a discussion of the factors 
affecting ignition in an oxygen system, see Ref. 3. 

All materials used in nonoxygen cryogenic systems are also cleaned before the 
system is put in service. The purpose of the cleaning is to reduce contaminants to 
the point where they will not migrate, seize up moving parts at low temperatures, 
or prevent the attainment of high product purity or vacuum levels. 


C.432 PIPING SYSTEMS 


VENTS 


When a cryogenic fluid is vented, such as from safety valves, safe disposal of the 
fluid must be considered. The fluid should be directed so that it will not contact 
personnel, because the low temperature can cause burns. 

When cold, most cryogenic fluids are heavier than air. A heavier-than-air gas 
can displace the air and create a potential for asphyxiation. Some cryogenic fluids, 
such as hydrogen, are flammable. An oxygen-enriched atmosphere can promote 
flammability of other materials. Therefore, all vents should be located outdoors 
and directed so that high concentrations will not collect in confined areas. 
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COLD BOX PIPING 
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Cold Box Engineer 
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A cold box is a mechanical system that insulates an entire low-temperature process 
mechanical embodiment in a single assembly instead of insulating each pipe and 
vessel individually. The cold equipment and piping are installed in an airtight steel 
insulation casing. The void space inside the casing is filled with insulation powder 
or fibers. 

The design of cold box piping requires knowledge of some basic engineering 
disciplines, such as strength of materials, fluid mechanics, and heat transfer. Also 
required are some piping design skills such as flexibility analysis, pressure drop 
calculations, and material selection. These skills are discussed in Chap. B4 of this 
handbook. 

For safe design, cold box piping is usually designed to meet the engineering 
requirements of ASME B31.3', Process Piping Code. Further, the designer should 
be aware of the design considerations for safe operation and maintenance of cold 
boxes discussed in Sec. 8 of Ref. 2 of this article. 

What follows is a description of problems unique to the design of cold box 
piping, and, where appropriate, suggested methods of solution. 
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DESIGN REQUIREMENTS FOR COLD BOX PIPING 


General System Architecture 


Cold boxes tend to be tall, vertical structures. They often contain tall distillation 
columns and brazed aluminum heat exchangers which are oriented for vertical flow 
(see Fig. C8.10). A minimum of 12 in (30 cm) of space is usually provided between 
the casing and the piping and equipment inside. This space provides adequate 
insulation for the cold equipment and access to the piping for fabrication, testing, 
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FIGURE C8.10 Schematic cold box diagram. (Cour- 
tesy Praxair, Inc.) 


and maintenance. Valves and controls above grade level are located so as to be 
easily accessible from operating platforms. The piping arrangement within the cold 
box is very compact to minimize the amount of insulation and to fit shop-fabricated 
cold boxes within the maximum outline which can be shipped by rail or by truck. 
Heat exchangers operating in parallel are located at the same elevation to avoid 
flow unbalance due to density differences between the warm and cold streams. 


Insulation System 


Before start-up, the insulation is purged with a dry inert gas, usually nitrogen. A 
small flow of purge gas is continued during operation to maintain a slight positive 
pressure in the casing and to prevent inflow of oxygen and moisture. Pipe and valve 
stem penetrations through the casing must be airtight. 
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Equipment and pipes operating at different temperatures must be separated to 
minimize unwanted heat flows. The piping and pipe supports must withstand loads 
from the insulation material. These loads occur when fibrous insulation is being 
packed into the casing and when powder insulation is being loaded or removed. 


Reliability 


Piping inside the cold box is not readily accessible for maintenance. Repair of a 
simple leak requires that the cold box be out of service for several days. Erosion 
caused by insulation and powder propelled by the leaking fluid can enlarge a small 
leak or cause another leak in nearby equipment. For these reasons, leak-tight 
integrity of cold box piping is extremely important. The number of flanged joints 
inside a cold box is kept to a minimum. Welded or brazed pipe joints are used 
wherever possible. Transition joints are often used to join stainless valves to alumi- 
num pipe. Weld-end, top-entry, extended-stem globe valves afford maximum relia- 
bility. These valves do not have any flanges inside the casing, and the plug and seat 
can be replaced from outside the cold box. When flanges are used inside the 
casing, proper torquing of flange bolts must be assured. Threaded joints and tubing 
compression fittings are usually not used inside the casing. Flanges are sometimes 
installed in a separate, small, insulated compartment where access can be achieved 
without removing the insulation from the entire cold box. A careful leak test in 
done on all piping inside the casing before the insulation is installed. 


Thermal Expansion and Contraction 


Typically, cold box piping is heated to 212°F (100°C) before start-up to remove any 
moisture, and then cooled to operating temperature—as low as —320?F (—195?C), 
as is the case in an air separation plant. In that example, the total temperature 
range is 532°F (295°C). The total thermal expansion and contraction of aluminum 
pipe in this range is 6 in/100 ft (0.5 cm/m). The flexibility analysis of the piping 
must consider the full temperature range as well as any more severe differential 
temperature conditions which may occur during upset, thaw, or cool-down. Clear- 
ance must be allowed for the pipes to move through their full expansion and 
contraction range. This clearance is especially critical for pipes connected near the 
top of tall vessels. Pipe penetrations through the casing will restrict the movement 
of the pipe unless the casing is made flexible by use of a metal bellows or a 
rubber boot. 


Piping Installation Details 


Pipes running from liquid pipes or vessels to the casing must have thermal traps 
(upward rise of at least 2 pipe diameters) to gas-bind the connection and keep the 
cold liquid away from the warm casing. Thermal traps are also used in gas pipes 
to prevent unwanted convection currents. 

Extended stem valves used in cold pipes are installed with the body located at 
least 12 in (30 cm) inside the casing and with the packing gland and the operator 
or handwheel located outside. Liquid valve stems are tilted upward at least 15? to 
gas-bind the stem extension tube and keep the liquid away from the packing. 

Supports for cold pipes are commonly made from austinitic stainless steel because 
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it is strong, ductile at cryogenic temperature, and has a relatively low thermal 
conductivity. Blocks of insulation material can be included in the supports to reduce 
heat leak from the casing. 

Low-point drains are provided where necessary to remove process liquids for 
shutdown and to remove liquid water formed during thaw of the cold box. 


Cleaning 


Cold box piping is cleaned to remove contaminants (see the earlier discussion of 
cleaning in this chapter). The cleaning is usually done before the pipe is installed. 
Pipe ends and other openings are covered after completion of fabrication to main- 
tain cleanliness. 


DESIGN REQUIREMENTS FOR 
SPECIAL SITUATIONS 


Reversing Exchangers 


Reversing heat exchangers and regenerators are often used in air separation cold 
boxes. The piping in the reversing streams is subjected to cyclic pressure variations. 
Fatigue analysis should be performed on this piping. Paragraph K304.8 of Ref. 1 
can be used as a guide for the fatigue analysis. Liquid water may be present in the 
warm-end piping from these heat exchangers. Possible corrosion and freeze-up 
problems should be considered in the design of this piping. 


Liquid Oxygen Evaporation 


Most liquid oxygen contains some traces of hydrocarbon contaminants. If this 
liquid vaporizes in a dead-ended pipe or crevice, the hydrocarbons will concentrate. 
Explosive mixtures can result. Crevices should be avoided in liquid oxygen piping 
where a source of heat is present. Drains and other dead-ended pipes connected 
to a liquid oxygen source should be trapped as close as possible to the liquid source. 
Liquid oxygen piping should be well-insulated from the casing and from warmer 
process equipment. 


Vacuum-Insulated Cold Boxes 


In some cold boxes, a vacuum is pumped on the insulation casing to reduce the 
heat leak. In such cases, the piping and vessels are tested with helium to find 
and repair tiny leaks which would greatly reduce the effectiveness of the vacuum 
insulation. The design pressure for such piping is based on the absolute rather than 
the gauge pressure. 


Instrument Lines 


Instrument pipes in the cold box must be designed with care. These pipes have a 
small diameter and are easily damaged. The design of instrument lines should 
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provide adequate flexibility, support, and protection from insulation and/or inadver- 
tent loads due to using these lines to support the weight of a worker during fabrica- 
tion. Equation (16), paragraph 319.4.1 (c), Ref.1 can be used for assuring adequate 
flexibility of instrument lines. 


Flammable Fluid 


Some cold boxes process flammable fluids such as hydrogen, hydrocarbons, carbon 
monoxide, and so forth. Any aluminum or other low-melting-temperature piping 
outside the casing should be protected by fireproof insulation. The insulation should 
not contain any chemicals which would corrode or otherwise degrade the piping 
material. Discharges from the drains, vents, and relief valves must be piped to a 
flare stack or other safe means of disposal. Connections are provided on dead-ended 
pipes for purging air from the lines before admitting the flammable process fluids. 
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Bulk liquid storage systems are often used at or near the point of final consumption. 
They typically supply product in three basic forms: as a gas at less than the storage 
tank working pressure, as a gas at high pressure, and as a liquid. The equipment 
and piping required may vary, depending on which of these delivery forms is used. 
However, several general considerations apply to the piping design in all cases. 

The working pressure of all lines in the system should be at least 10 percent 
higher than that of the tank. Relief valves required to protect the piping should be 
set at this pressure. This configuration of relief valve set points will ensure that if 
the tank is overpressured, it will be relieved in the gas phase from its safety valve 
and not in the liquid phase through one of the pipeline relief valves. 

Vaporizers are commonly used in storage and conversion systems to gasify liquid 
product and bring it to ambient temperatures. The piping downstream of these 
units should be designed for liquid product temperature. This should continue up 
to the point where a safety device is installed to automatically shut off flow in the 
event that low temperature is sensed. The response time of this device must be 


CRYOGENIC PIPING SYSTEMS C.437 


compatible with the failure modes of the vaporization system used. The set point 
chosen must consider the design temperature of all components downstream. 

Relief valves should be installed between any set of valves that can trap liquid 
or low-temperature gas if they are simultaneously closed. These blocked-line relief 
valves are required to relieve pressure buildup due to heat absorption. They should 
be set at the line working pressure and sized to relieve gas at conditions of maximum 
heat absorption. Particular attention should be paid to situations where the source 
of heat is natural convection associated with bare lines and ambient vaporizers. 
They are of special concern because even moderate winds can greatly increase the 
rate of heating and subsequent pressure buildup. 

Bulk liquid units are typically employed in intermittent flow situations. For this 
reason, liquid lines will frequently have to be cooled down to liquid temperatures 
when product is demanded. Therefore, such lines should be sized to pass the required 
flow in the gaseous state to avoid excessive pressure drop at the start of demand. 
Design for cryogenic temperature requires that particular attention be paid to line 
flexibility. Although large displacements are involved due to the extreme tempera- 
ture changes, they can be accommodated by conventional techniques, including 
flexible hose sections and expansion loops. In addition, most piping materials experi- 
ence reduced impact strength at cryogenic temperatures. The materials section in 
this chapter deals in depth with this topic. 

Thermal trapping is a piping technique that can be used in any liquid line, 
whether it is insulated or not, to minimize heat input to an idle piping section or 
branch. Where the branch is oriented vertically a gas-to-liquid interface will be 
established near the connection, and the majority of this section will be filled with 
gas approaching ambient temperature. This configuration greatly reduces heat input 
to the branch when it is idle. 


LOW-PRESSURE BULK CONVERSION SYSTEMS 


The most common bulk liquid units deliver gas at a pressure less than the storage 
tank working pressure. The working pressure of such systems is typically less than 
250 psig (17.2 bar). However, systems with as high as 600 psig (41.4 bar) working 
pressure tankage have been used commercially. The delivery pressure must be 
limited to approximately 80 percent of the tank working pressure to allow for 
tolerance on the safety relief valve setting, and for buildup in product pressure 
during periods of nonuse. Figure C8.11 illustrates a typical piping configuration, 
and item numbers in the following discussion refer to this figure. 

The lines connecting the vessel the to pressure relief safety devices (No. 301 
and No. 302) are sized to meet the requirements of ASME Boiler and Pressure 
Vessel Code, Sec. VIII, Div. 1. Guidelines for the required calculations are given 
in the pamphlet CGA S-1.3 “Pressure Relief Device Standards— Part 3— Stationary 
Storage Containers for Compressed Gases," published by the Compressed Gas 
Association. Normally both a relief valve and a burst disk are included. The relief 
valve is sized to handle the vapor generated due to the heat load resulting from 
the loss of insulation (loss of vacuum). The bursting disc is designed to handle the 
simultaneous loss of vacuum and fire conditions. Where it is critical that the system 
not be taken out of service for periodic inspection of the relief devices, it is common 
to use a dual set of safety devices with a diverter valve. 

The fill system is arranged so that the tank can be filled from either the top or 
the bottom. Tank pressure is controlled during the fill operation by adjusting the 
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FIGURE C8.11 Low-pressure bulk conversion system (Courtesy of Praxair, Inc.) 
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portion of refill liquid entering from the top relative to that entering from the 
bottom with valves No. 402 and No. 404. Filling from the top reduces tank pressure 
by condensing the vapor in the gas space of the storage tank. Filling from the 
bottom increases tank pressure because the liquid acts as a piston, compressing the 
gas space. Special piping considerations for the fill lines involve the line size, which 
should be adequate to permit refill to occur in a reasonable time period and yet 
not be oversized to limit heat input. Insulation is not typically used on these lines 
because of their short length, intermittent use, and high transfer rate. Helium and 
hydrogen fill operations are an exception to this practice because of their extremely 
low temperature and low heat of vaporization. Other products may justify the use 
of insulation based on their value. 

Bulk tanks are normally filled from transports, which are discussed in the mobile 
equipment section of this chapter. The transfer is driven either by a centrifugal 
pump or by pressurizing the supply vessel. The centrifugal pumps are typically one- 
or two-stage designs matched for the discharge rate and pressure by adjusting 
the speed and impeller cut as in conventional service. The system—including the 
transport piping, the off-loading pump or pressurization circuit, the tank fill piping, 
and the tank pressure relief circuit —must be analyzed to ensure that the tank 
cannot be overpressurized in the refill process. Compressed Gas Association position 
paper PS-8, “Protection of Storage Tanks From Over-pressure during Operator 
Attended Refill," addresses this topic. 

The tank instrument piping includes a gas phase line called the full trycock that 
extends into the gas space to the full liquid level. This line is used by the operator 
during manual-fill operations to determine when the tank is full. The operator 
opens valve No. 200 when the fill is nearly complete and observes when liquid is 
discharged, which indicates the full level has been reached. Also included in the 
instrument piping is a liquid- and gas-phase line used to measure contents and 
pressure. 

Control of pressure between refills is accomplished by the combined actions of the 
pressure building, economizer, and pressure-relief systems. The pressure-building 
circuit consists of components Nos. 500 through 503 and is driven by the difference 
in densities of the liquid and gas phases. It functions when product flows from the 
liquid-phase line, is vaporized in the pressure-building vaporizer No. 503, and returns 
to the gas space. This system is required when the demand for product at the use 
point is sufficient to cause the tank pressure to fall. Attention must be paid to the 
very low driving pressure in this circuit. 

Product is normally delivered to the use point from the tank in liquid phase. In 
the case of low or intermittent demand, the product vapor pressure can increase 
above the delivery pressure. At this point pressure-building is no longer necessary, 
and it is desirable to withdraw product from the tank in gas phase. Product delivered 
in the gas phase will remove approximately five times the heat from the tank as 
the same mass withdrawn in liquid phase. A scheme to automatically switch to gas 
phase supply at high tank pressure is called an economizer. A siphon cycle econo- 
mizer is illustrated in items Nos. 550 through 552, together with the siphon line 
inside the tank. When tank pressure is high, regulator No. 502 is closed and back- 
pressure valve No. 550 is open. The siphon is broken in this way, and gaseous 
product is withdrawn through valve No. 600. The siphon is reestablished at reduced 
tank pressure when the positions of valves Nos. 502 and 550 are reversed. There 
are alternative economizer designs, and care must be taken in selecting one because 
most are limited to low instantaneous flows. 

The product is next vaporized and superheated in the vaporizer No. 601. Vaporiz- 
ers are classified as ambient where the required heat is derived from the atmosphere, 


C.440 PIPING SYSTEMS 


or as powered where the heat is supplied from another source such as steam, 
electricity, or hot water. Relief valve No. 602 provides protection in the event of 
a blocked line condition, and special attention should be paid to the vaporizer 
power source in selecting this valve. 

A low-temperature pipeline protection device is normally included downstream 
of the vaporizer to automatically shut down flow in the event of vaporizer failure. 
This shutdown device is the transition point between cryogenic and noncryogenic 
pipe design. In addition, a pipeline regulator is usually used to provide constant 
pressure in the pipeline. The low-temperature protection and pressure regulation 
module given as components Nos. 700 through 755 has emerged as the preferred 
way of providing these functions. Regulator No. 703 is pressure-loaded so that 
discharge pressure is approximately equal to the loading pressure as read on gauge 
No. 753. Temperature pilot No. 750 opens and reduces the loading pressure when 
gas temperature falls into the set control range, until No. 703 is completely closed. 


HIGH-PRESSURE BULK CONVERSION SYSTEMS 


In some applications, gas is required at greater than the working pressure of the 
tank. In such cases, it is pumped in the liquid state, vaporized, superheated to 
ambient temperature, and regulated to the required pipeline pressure. A bank of 
high-pressure receivers is usually included to match the demand to the pump dis- 
charge rate. The pump is typically a reciprocating single-acting design ranging in 
configuration from simplex to triplex. Figure C8.12 gives a typical flow diagram of 
a high-pressure conversion system employing a standard cryogenic storage tank. 
Item numbers referred to in the following discussion are given in this figure. Piping 
practice for much of the system remains unchanged from the low-pressure gas 
system just discussed. However, special considerations must be made for the piping 
both upstream and downstream of the pump to ensure proper system operation. 

The fluid at the suction flange must be subcooled in order to meet the net 
positive suction head (NPSH) requirements. The degree of subcooling required 
ranges from 2 to 10 psi, depending on pump design, condition, and discharge 
requirements. The liquid at the bottom of the storage tank is normally subcooled 
by approximately the static head of the liquid phase above it. The suction piping must 
minimize both heat input and pressure drop to preserve the available subcooling. 
Pressure losses are primarily due to the fluid acceleration required by the reciprocat- 
ing pump and may be calculated using classical analysis. Heat input generally 
increases with pipe diameter, but may be essentially eliminated by the use of high- 
performance insulation. Insulation should always be used where the tank working 
pressure is low, the demand is intermittent, or the pump discharge rate is low. It 
is used almost universally in hydrogen pumping systems. 

The pump is usually contained in a small vacuum-insulated sump, which is 
connected to the storage tank gas and liquid phases. As the first step in priming 
the pump, components Nos. 800 through 807 are used to fill the sump with liquid. 
The product vaporized in cooling these components is returned to the tank gas 
phase, increasing system pressure and thereby available subcooling. The second 
step is to run the pump with valve No. 827 open, which circulates liquid through 
the pump and discharges it to the tank gas phase, cooling the pump compression 
chamber. Finally, valve No. 827 is closed, forcing the pump to discharge against 
receiver pressure which is being held by check valves No. 830. Temperature sensor 
No. 831 is used to check for pump prime. 
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The piping downstream of the pump must be designed for cryogenic temperatures 
and high pressures as well as the pulsations and vibration generated by the recipro- 
cating pump. Temperature switch No. 837 is used to shut the pump off in the 
event of low pipeline temperature. Although noncryogenic materials may be used 
downstream of this sensor, it is common practice to use cryogenic materials for all 
high-pressure piping in the bulk delivery system. 

Priming with this conventional piping arrangement works well while the liquid 
level in the tank is high. In this case a circulation flow develops, with fluid gaining 
heat in the path through the suction line, the pump sump, and the return line, which 
reduces its density. The lightened liquid flows up the return line and dumps into 
the tank. This circulation is driven by the difference between the static head due 
to the tank gas and liquid phase contents and that due to the less dense liquid in 
the return line. When the depth of the liquid contents is nearly equal to the height 
of the tank, this circulation flow quickly cools the pump and presents subcooled 
liquid at the suction valve to enable a good pump prime. However, circulation flow 
is reduced at lower tank levels because the static head of the tank contents is less, 
and priming becomes impossible. Figure C8.13 gives an improved arrangement 
in which both the suction and return lines are connected to the tank liquid 
phase through an extension of the vacuum jacket. The two penetrations are sepa- 
rated by a short baffle to promote convection within the tank liquid phase. The 
difference in height between the traps within the extension provides the head 
needed to start the circulation flow. The heat picked up in traveling to and from 
the pump sump reduces the density of the returned liquid, which maintains the 
circulation once started. This configuration allows priming to occur regardless of 
the tank level. 


BULK LIQUID DELIVERY SYSTEMS 


Where liquid-phase product is required at the use point, refrigeration rather than 
the fluid itself is usually of interest. Therefore, minimizing heat addition through 
the tank and piping is the primary design consideration in these systems. Some 
degree of pipe insulation can almost always be justified. The tank insulation perfor- 
mance is also critical to satisfactory system operation. 

Ideally, the tank should be elevated so that the entire pressure requirement can 
be provided by the static head of the tank contents. This eliminates the need for 
pressure building in the storage tank, which can easily represent several times the 
heat load from all other sources. A horizontal tank is preferred to a vertical tank, 
in this case, both because the elevated foundation is less expensive and because 
the variation in static head, as the contents are withdrawn, is reduced. Where 
pressure building is required and the tank will not be elevated, a vertical tank is 
preferred to minimize heat transfer through the gas to liquid interface area of 
the vessel. 

In spite of the efforts, the fluid normally arrives at the use point with at least a 
small gas component. Normally, conditioning by a subcooler, phase separator, or 
similar equipment is required to achieve satisfactory process control. This hardware 
is located at the application and at a minimum delivers saturated liquid by venting 
the gas that is generated in the piping system. 

Figure C8.14 illustrates a self-contained system that delivers subcooled fluid. It 
consists a of heat exchanger formed by a tube within a tube, called an in-line 
subcooler because it replaces a section of the supply line. It is arranged so that the 
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FIGURE C8.14 Inline cryogenic subcooler. Courtesy of Praxair Inc. (Covered by U.S. Patent 
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main product stream flows through the inner tube, and control valve No. 200, 
located at the discharge end, emits a small portion into the annular space. This 
control valve is actuated by the difference between the vapor pressure of bulb No. 
256, located in the vent, and the reference pressure set by regulator No. 251. When 
the vapor pressure of the vent fluid rises above the reference pressure, the control 
valve opens. The reference pressure is selected to ensure that cold gas—but not 
liquid—is emerging from the vent. The temperature of the liquid in the annular 
space is reduced, since the pressure is maintained at a near-atmospheric level. 
Liquid flowing through the inner tube is cooled by the annular stream. 


MOBILE EQUIPMENT SYSTEM 
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Bulk atmospheric gases, oxygen, nitrogen, and argon are transported as liquids in 
various styles of double-walled tank trucks. This section presents the most common 
semitrailer-style transport vehicles used for the distribution of atmospheric 
gases. 

A doubled-walled cylindrical tank truck has a product tank, or inner pressure 
vessel, enclosed in an outer casing or jacket. The inner pressure vessel is designed, 
manufactured and tested to meet requirements of Sec. VIII of the ASME Boiler 
and Pressure Vessel Code. The casing or jacket is designed to the requirements of 
CGA-341, Standard for Insulated Cargo Tank Specification for Cryogenic Liquid, 
Compressed Gas Association. The annular space between the inner pressure vessel 
and casing is insulated and evacuated in order to minimize the amount of heat leak 
from the casing shell to the cryogenic liquid. Heat transferred to the product will 
result in a pressure rise, with the eventual release of product. The inner pressure 
vessel is normally supported or attached to the casing at or near the inner pressure 
vessel heads. The upper coupler king pin, landing gear support legs, and tandem 
axle assembly for the cryogenic semitrailer are standard automotive components 
available to the trucking industry. 

Atmospheric gases are typically transported in low-pressure semitrailers 
equipped with an on-board pumping system used for off-loading the product to a 
customer storage tank. This pumper-style semitrailer allows for a maximum payload 
at a gross combination weight limit of 80,000 Ibs (36,300 kg)—the road limit for a 
five-axle tractor-trailer combination. Inner pressure vessels are rated for a maximum 
allowable working pressure of from 40 to 60 psia (276 to 414 kPa) and constructed 
from AISI type 304 stainless steel or AA-5083 aluminum alloy (ASTM B-209). 
Casings are constructed from either carbon steel or aluminum alloys. Carbon steel 
casings are used along with stainless inner pressure vessels, and aluminum casings 
are matched to aluminum inner pressure vessels. A lightweight casing design can 
be achieved by providing closely spaced circumferential ring stiffeners. These ribs 
reinforce the cylindrical casing section against the external pressure load which 
results from the evacuation of the insulation or annular space. 
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Atmospheric gases have different product densities, which will in turn result in 
different-sized product-optimized semitrailers. When optimized for an 80,000 Ib 
[36,300 kg] road limit, a nitrogen-sized semitrailer has a volume of about 8000 gal 
(30.3 m°); an oxygen semitrailer about 6000 gal (22.7 m°); and an argon semitrailer 
about 4500 gal (17.1 m°). 

Liquid oxygen, nitrogen, and argon are exempt from the U.S. Department of 
Transportation (DOT) hazardous material regulations for design requirements of 
the semitrailer or package when the product pressure is maintained at less than 
40 psia [276 kPa] during transportation. However, DOT markings and shipping 
preparation, along with regulations pertaining to the trucking components such as 
braking and lighting systems, are all considerations when designing a cryogenic 
transport. Basic requirements for vessels, structural supports, structural protection, 
and external piping are covered by CGA-341 specifications. 

Piping systems for cryogenic transports can be separated into two categories: 
internal piping, which includes piping internal to the inner pressure vessel as well 
as annular space piping; and external piping, which includes all piping exterior to 
the casing envelope. Both internal and external piping systems are normally fabri- 
cated with butt-welded joints. 


INTERNAL PIPING 


An internal piping system is constructed from stainless steel for stainless inner 
pressure vessels and of aluminum for aluminum inner pressure vessels. A typical 
internal piping arrangement has the piping penetrating the vessel walls through the 
rear casing head, as compared to a location on the cylindrical portion of the 
vessel. (See Fig. C8.15 for a typical piping schematic.) Piping sections inside 
the inner pressure vessel are not subject to an internal pressure loading. Design 
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FIGURE C8.15 Schematic of typical internal piping arrangement. 
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considerations for piping supports and attachments include loadings imposed by 
road vibration and thermal contraction due to temperature as low as —320.4°F 
(—195.8°C). 

Annular space piping configurations must have consideration given to heat leak- 
age, flexibility, and trapping of liquid or gas. Since heat leakage to the cryogenic 
liquid is primarily by conduction down the pipe wall, the length of the piping run 
is of importance. Stresses induced by thermal contraction of the line or movement 
of the inner pressure vessel relative to the casing are typically accommodated by 
providing adequate piping flexibility in the form of loops and bends. Stress levels 
due to flexibility are generally kept to within the allowable limits imposed by 
ASME B31.3, Process Piping. Piping bellows to accommodate thermal displace- 
ments are not generally considered an acceptable way of providing flexibility to 
annular space piping. Road vibrations have proven to be detrimental to bellows- 
style fittings. 

Testing of internal piping systems includes pressure, leak, and other examinations 
when required by codes. Pressure-testing procedures follow ASME B31.3 require- 
ments. Nozzle penetrations at the inner pressure vessel wall may require examina- 
tion of the welded joint using dye-penetrant techniques. Annular space piping is 
thoroughly leak tested, since any leaks would deteriorate the vacuum condition 
within the insulation space. A helium mass spectrometer technique is the most 
common method used for vessel and piping leak testing. 


EXTERNAL PIPING 


The external piping system is commonly located inside an operating compartment 
at the rear of the semitrailer; however, the pressure-building coil is located under 
the semitrailer forward of the tandem axle assembly. The rear grouping has accident 
protection features provided by the tandem axle subframe, rear bumper, and the 
piping compartment. 

Stainless steel external piping systems are used on all transports regardless of 
inner vessel construction, with the exception of the pressure-building coil. The coil 
is normally constructed of aluminum extruded-fin tubing, which is flanged to stainless 
steel inlet and outlet piping. The function of the coil will be discussed later. Valves, 
gauges, and other instruments and controls are not necessarily constructed from 
stainless steel materials. Bronzes, copper alloys, and aluminum alloys are used for 
various component parts. Internal and external piping runs are joined at the casing 
penetrations with piping flanges. For aluminum vessel designs these flanges provide 
a simple way of connecting aluminum internal lines to stainless steel external lines. 

As Fig. C8.15 schematically illustrates, cryogenic semitrailers typically have two 
liquid phase lines. The first piping run is used to fill the trailer at the production 
plant and to unload the trailer using the off-loading pump. The second liquid line 
is used for the pressure-building system. Pressure in the inner pressure vessel can 
be increased by vaporizing a small amount of liquid. The coil with a large heat 
transfer surface can readily vaporize liquid and return the warmed gas to the ullage 
space of the trailer. This pressure buildup is performed prior to and during the off- 
loading process in order to maintain adequate suction pressure for the centrifugal 
transfer pump. 

Gas-phase piping includes a pressure-relief device line which directly communi- 
cates with the vapor or gas space near the midpoint of the top centerline. A spring- 
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loaded pressure relief valve and a rupture disk device are normally provided on 
the cryogenic semitrailer. These relief devices are designed to maintain pressure 
at a safe level under emergency conditions, including exposure of the vessel to a 
fire. Pressure-relief devices are designed to the requirements of Section VIII of the 
ASME Boiler & Pressure Code as well as CGA pamphlet S1.2, “Pressure Relief 
Device Standards— Cargo and Portable Tanks for Compressed Gases." The same 
piping run is also used to provide for a manual vent system and a road relief circuit. 
The road relief valve, typically set at about 30 psia (207 kPa), controls the inner 
vessel pressure during transportation. Venting of product when the pressure reaches 
the road relief valve setting can occur. A shutoff valve upstream of the road relief 
allows isolation during off-loading and, therefore, permits the buildup of pressure 
to an operating level near the working pressure of the inner pressure vessel. 

A second gas-phase circuit has multiple uses as a gas-phase outlet, pressure- 
building coil return, and a transfer pump recirculation line. 

An optional sparger, or gas-phase fill header, has various uses. A typical design 
has a pipe running along the top of the inner vessel with a series of holes which 
act as spray nozzles for the liquid. With this line teed from the main fill line, 
transfer of liquid to the trailer can occur in an all-liquid phase, all-gas phase, or 
any combination. Gas-phase filling of an empty trailer through the sparger will 
cause a partial collapse of the gas pressure. This pressure reduction by collapse 
eliminates product losses that would occur by manually venting the pressure from 
the vessel. A sparger also provides a means of uniformly cooling down or shrinking 
a warm inner pressure vessel. Uneven shrinking of a inner vessel from near ambient 
to liquid temperatures can cause serious structural damage to the vessel, supports, 
or piping. 

Inner vessel pressure, transfer pump discharge pressure, and liquid contents are 
monitored with trailer-mounted gauges. A differential pressure indicator is the most 
common device used for contents measurement. Liquid and gas taps are provided 
for this gauge. 

Sampling of product in the inner pressure vessel is necessary in order to determine 
the level of product purity. A liquid tap typically teed externally to a liquid line 
can be used for sampling. 

The liquid fill level can be detected by a small-diameter fixed-length dip tube. 
Flow of liquid through the line indicates the liquid levelin the tank. If the semitrailer 
is used to transport various cryogenic liquids, dip tubes positioned at different levels 
would be provided. 

As previously stated, the annular space is evacuated. Pressure levels below 0.04 
in (1 X 10% meter) of mercury are achieved by pumping down the space through 
a line equipped with a shutoff valve. A filter on this pipe eliminates problems with 
the insulation material being carried to the valve or pump. The vacuum level can 
be monitored using the trailer-equipped thermocouple gauge tube. Vacuum level 
is determined by a portable vacuum meter. 

Cryogenic piping must be protected from overpressurization in any piping section 
which can be isolated. After liquid or gas has been transferred, the cold product 
warms up and builds pressure which can exceed the bursting pressure of the pipe 
or fittings. For this reason, block line safety devices are a mandatory feature in 
cryogenic piping circuits. 

Thermal contraction of external pipes can cause high forces when constrained. 
Typically, centrifugal transfer pumps and meter systems are protected from these 
forces by expansion bellows in the inlet and discharge piping. Piping bellows are 
made from corrugated stainless steel hose. 


CRYOGENIC PIPING SYSTEMS C.449 


ULTRA-HIGH-PURITY PIPING 


Raymond Dale Woodward 
Manager 
Praxair Semiconductor Materials 
Praxair, Inc. 


Ultra-high-purity (UHP) piping systems are found in gas and liquid supply systems 
used in the fabrication of electronic semiconductor chips and other related devices. 
The requirements for purity in UHP systems typically involve contamination levels 
of less than 1 part per billion (ppb) of foreign materials. 

Semiconductor fabrication involves forming alternate layers of very fine lines 
of semiconducting material on the surface of nonconducting material such as silicon. 
The lines form miniature ultra-large-scale-integrated (ULSI) electronic circuits on 
a small silicon chip. Many small chips are simultaneously fabricated on a single 
silicon wafer. The line or feature size of ULSI chips approaches 5 uin (0.13 um) 
or less. Any particle one-tenth of the line size can cause a defect in the circuit, 
resulting in chip destruction. To keep the percentage output yield of defect-free 
chips high, the gases and liquids used in the fabrication of ULSI circuits must be 
very pure and free of particulate contamination. 

The present requirements for gas purity are that trace gas contamination must 
be held to the parts-per-trillion (ppt) level. For particulates, contamination with 
particles greater than about one-tenth the semiconductor feature size must be held 
to less than 5 particles/f? (190 particles/m?) of gas. 


GENERAL GAS SUPPLY SYSTEM DESCRIPTION 


Semiconductor manufacturers require UHP gases at the point of use inside their 
facilities (fabs). In most industries, a gas supplier is only required to supply gas to 
some interface point near the customer's plant boundary. However, for ultraclean 
systems, the gas supplier is typically required to provide UHP gas to the final point 
of use. This means that the gas supplier is responsible for the UHP piping system 
within the customer's fab, in addition to the gas storage and conditioning system 
at the fab boundary. This ensures that the gas meets the customer's requirements 
at the point of use. 

Gas supply systems can range from single small cylinders to large air separation 
plants. The specialty gas requirements can usually be met with high-pressure gas 
cylinders, although bulk specialty gas supply systems are becoming increasingly 
more common. Bulk gas supply requirements are usually met by a combination of 
on-site production facilities and liquid storage pad packages. However, regardless 
of the gas supply system size or complexity, it must be able to reliably supply gases 
in UHP condition to the customer. 

Typical facilities require most, if not all, of the supply systems described above. 
High-volume consumption gases such as nitrogen and clean dry air (CDA) are 
usually supplied from an on-site plant. A typical on-site system may consist of air 
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FIGURE C8.16 | Ultra-high-purity gas supply system. (Courtesy of Praxair, Inc.) 
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compressors, a cryogenic distillation column, purification equipment to remove 
selected impurities from the air or product streams, control systems to regulate 
flow and pressure of products delivered to the customer, filtration systems to remove 
particulate contamination, and a piping system to deliver the gas to the customer's 
point of use. 

Other bulk gases and backup supplies for nitrogen are supplied from bulk liquid 
storage pad packages. These systems typically consist of a bulk liquid storage tank, 
a vaporizer to convert the liquid to gas, control systems to regulate the flow and 
pressure delivered to the customer, gas purifiers to remove any residual trace gas 
impurities, filtration systems to remove particulate contamination, and a piping 
system to conduct the gas to the customer's point of use. 

In some cases, liquid supply is needed also. Usually the liquid is transported to 
the point of use in a small storage vessel or dewar. For some supplies, the liquid 
may be piped directly to the point of use using UHP liquid vacuum-insulated piping 
(VIP). In these instances, the inner carrier pipe of the VIP must meet the same 
requirements as the UHP gas piping. 

Most specialty gas supply systems are from special high-pressure, high-purity 
cylinders, or from bulk specialty gas supply systems if their usages are high. Bulk 
specialty gas supply systems replace the high-pressure cylinders typically used with 
larger volume containers such as high-pressure modules or tube trailers or special 
bulk containers for liquefied specialty gases. Specialty gas supply systems typically 
consist of the gas source (cylinder or bulk) with the appropriate gas cabinet or gas 
panels with controls to regulate the flow and pressure to the customer; valve manifold 
boxes (VMBs) or panels to distribute to multiple use points where appropriate; gas 
isolation boxes (GIBs) to isolate sources of gas at a point of use; and interconnecting 
piping. Piping may be single-wall or double-contained, depending on gas characteris- 
tics and local codes and regulations. These installations may include purifiers 
where appropriate. 

A. schematic representation of a typical supply system to a fab is shown in 
Fig. C8.16. 


SYSTEM DESIGN AND 
FABRICATION REQUIREMENTS 


UHP gas supply systems must meet extremely stringent design, fabrication, installa- 
tion, checkout, and commissioning requirements. A brief description of typical 
requirements is presented in this subsection. 


Design Requirements 


Designers of UHP gas systems need to consider many items often thought to be 
unrelated to the piping design. Obviously, the designer must consider the basic 
system requirements such as flow and pressure. Basic material compatibility within 
the system and especially with the gas itself must also be considered, since many 
of the gases are toxic and/or corrosive and/or flammable. But the designer must 
also look at the entire facility design philosophy and be familiar with the basic safety 
considerations, codes, and regulations. What quantities of gases will be permitted on- 
site for use and for storage? How will hazardous gas monitoring and toxic gas 


C.452 PIPING SYSTEMS 


detection be handled? Answers to these questions may alter gas systems design, 
determine which systems are to be double-contained, and how the containment 
system is to be installed and monitored. 

Once these considerations are resolved, then the system designer can proceed 
and address such things as purity and contamination issues. Traditional industrial 
gas systems are considered clean when contamination levels meet parts-per-million 
(ppm) requirements. In the semiconductor industry, however, contamination levels 
must meet purity requirements on the order of less than 1 ppb. For instance, 
particulate cleanliness may require the following specifications: 


< 10 particles/fP > .Olum in size (< 380 particles/m? > 0.4 uin in size) 
< | particle/ft? > 0.1 umin size (< 38 particles/m? > 4 uin in size) 


Trace gas impurities are typically trapped within parts of the system during 
component manufacture and system assembly, and later released into the process 
stream. Joining materials, laps within joints, screw threads, and other cavities can 
trap moisture, welding gases, and other contaminants and can become long-term 
outgassing sources, often referred to as virtual leaks. For this reason, such geometric 
discontinuities must be eliminated from the system by design and through proper 
fabrication and installation practices. 

Particulate contamination is found in many of the same places as the trace gas 
contaminants (i.e., crevices, joints between mating pieces, dead-end legs off the 
process stream). In addition, particulates become trapped within indentations and 
small voids that exist within the natural roughness of most materials. For this reason, 
all pipe and component surfaces exposed to process gas streams are polished as 
smoothly as possible to eliminate contamination from this source. Industry standards 
typically require surface finishes to be electropolished to a value of less than 7 uin 
Ra (0.28 um Ra) roughness. Electropolishing also leaves an enriched chromium 
oxide layer on the surface. Alternative surface treatments such as special passivation 
techniques are sometimes used in selected system designs, especially for corrosives. 

Particles can also be generated by erosion of the process stream over surfaces 
of system components in the flow path. Also, contact between moving parts scrapes 
off metal particulates from contacting surfaces. Therefore, sharp edges, rough sur- 
faces, and sliding or contacting surfaces must be eliminated from the design. 

Many process conditions promote the generation of particulates or promote the 
release of particulates from component surfaces. High process gas velocities erode 
particulates from component surfaces. Vibration or mechanical shocks shake loose 
particulates resting on process flow surfaces. These actions can either be caused by 
external conditions such as adjacent rotating or reciprocating machinery that is not 
properly dampened or isolated from the system, or from valve or regulator operation 
within the system. Valve or regulator operation may also generate particles resulting 
from contact and erosion of moving surfaces. 

Finally, transient process conditions can also generate contamination. Variations 
in system temperatures may enhance release of trace-gas impurities or cause thermal 
expansion and contraction that could cause particulate release. Outgassing and 
particulate shedding upon system start-up can also release contamination into the 
process stream. 

The basic design concept in UHP gas systems design is to design clean, build 
clean, and operate clean. The UHP gas systems should be designed to be leak-free, 
outgas-free, deadspace-free, and particle-free. Component selection should include 
a thorough evaluation of all the components in static, dynamic, and impacted 
conditions. 
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Materials of Construction 


The obvious starting point in meeting requirements of this type is to use the right 
materials. All materials must be compatible with the process gas itself in order to 
avoid such problems as corrosion. In addition, all materials in the system must be 
compatible with each other to avoid chemical or electrical reactions between differ- 
ent materials and again to prevent corrosion problems. 

The only material generally acceptable for fabrication of bulk gas piping and 
system components is 316L (low carbon) stainless steel. In addition, the steel must 
have low sulfur content in order to obtain better weld qualities. Where 0.035 percent 
sulfur content is acceptable for normal applications, the sulfur content for UHP 
systems should be in the 0.003 to 0.017 percent range. 

As the semiconductor industry continues to reduce feature size and line widths, 
component and tubing manufacturers have to evaluate and address ever-increasing 
concerns over not just the sulfur content, which impacts both weldability of the 
system and machinability of the component, but also such concerns as nonmetallic 
inclusions in the base steel. This has led to the increasing use of vacuum arc remelt 
(VAR) or VIM/VAR and other specially produced 316L stainless steels. 

Additionally, gas-absorbing materials (especially nonmetallics) must be avoided. 
Contaminant gases dissolve into many materials of construction. This occurs primar- 
ily in nonmetallic components such as valve seats and filter cartridges, but it can 
also occur in the metallic parts. Since so much steel exists in the system components, 
dissolved gases within these components could present a serious contamination 
problem. Special manufacturing procedures, as well as final cleaning and condition- 
ing procedures, must be considered to reduce dissolved gases within steels and 
other metals used in ultraclean systems. 

Many nonmetallic materials, particularly those used in the filter cartridges, tend 
to dissolve gases, primarily water vapor. This is one of the most serious contaminants 
in semiconductor fabrication. Special materials or special procedures to remove 
the contaminants are necessary to prevent these contaminants from entering the 
system. 

Any material not used in the particular semiconductor fabrication step could 
cause unacceptable contamination. Heavy-metal ions cause severe problems when 
they enter the semiconductor fabrication process. Metals such as sodium used in 
the fabrication or cleaning process of other metallic parts could leave undesirable 
metal ions on or within the parts. These ions must also be eliminated as much 
as possible. 

Ideally, all pipe and components for one piping run should be of a single heat. 
This ensures that chemical properties of the two pieces at a weld joint are similar. 
In practice, this is often impossible. Most important is to ensure that all tubing and 
components have similar chemistries to guarantee weldability. If it is necessary to 
use a component with a dissimilar chemistry, care must be exercised to ensure 
weldability and integrity. 

Standard elastomeric seal materials such as Teflon®, Kel-F™, etc., are acceptable 
for seals. However, if metallic seals can be designed into the system, greater leak- 
tight systems are possible. For this reason, valves with diaphragm or bellows seals 
on the stems should be used to totally isolate the product stream from external con- 
tamination. 

Purity and cleanliness are important. Outgassing of dissolved or adsorbed gases 
must be reduced to very low levels. This is sometimes accomplished by special 
material processing such as passivating steels in acid mixtures or by subjecting 
steels to a double-melt process. It may be necessary to “bake out" some of the 


C.454 PIPING SYSTEMS 


components or the entire system, if the contamination is serious, to drive off the 
adsorbed gases. 


Welding 


Conventional welding practices such as lap and socket welding are unacceptable 
for UHP application since they do not permit full penetration and leave overlaps 
and crevices that are very difficult to clean, creating virtual leaks. Hand welding, 
which leaves rough surfaces on the interior, is also unacceptable. Rough surfaces, 
as well as discoloration from the heat-affected zone, are sources of particulate 
generation. Rough surfaces also retain more moisture. 

All process line tube joining is done by autogenous orbital butt welding per- 
formed by special automatic process welding machines. The joint to be welded is 
purged both internally and externally with high-purity inert argon to avoid oxidation 
of the hot weld surface. A good orbital weld must be free of stain on the product 
surface, can have no undercut or concavity of the weld area, and must have a 
generally smooth process surface finish. Weld buildup and metal puddling are 
not acceptable. 

Weld samples (or coupons) must be made at the beginning and end of each 
shift or whenever the weld machine variables or parameters such as line size or 
heat number are changed. These weld coupons must be marked with the welder's 
name, and a log of all sample welds must be maintained. 

Weld requirements for field welds are the same as for shop welds. That is, all 
welds must be autogenous orbital welds wherever possible. All welding and weld 
preparation takes place in either a clean room or a controlled work area to maintain 
system cleanliness. Field welders must pass the same certification requirements as 
shop welders. 


Fabrication and Installation 


Fabrication and installation procedures for UHP systems are not dramatically differ- 
ent from normal industrial practice, except for cleanliness. Because of such similar- 
ity, cleanliness becomes analogous to quality or safety in that it involves a culture 
rather than a procedure. Procedures are easy to establish; cultures are not. A culture 
requires a completely new approach to the fabrication and installation process. 

Fabrication of UHP gas supply systems must be conducted in as clean a manner 
as possible. The work should be done in an enclosed shop where clean conditions 
can be controlled more easily. Generally, it is less expensive to build as much as 
possible in the shop. To provide the cleanest conditions possible, all component 
fabrication must be conducted in a clean room, preferably at least Class 100 quality, 
as determined by federal standards. 

The UHP gas systems must be fabricated as a system. Each step in the fabrication 
and installation process involves UHP argon purges. Once the fabrication process 
begins, the entire system should be kept under a UHP argon purge until the system 
is ready for introduction of the process gas at start-up. 

Since cleanliness is a prime requirement, the cleaning process is one of the most 
critical steps in all stages of fabrication and assembly. As stated earlier, in addition 
to general cleaning, cleanliness involves polishing (i.e., mechanical, chemical, or 
electropolishing). All parts must be cleaned at critical steps in the manufacturing 
process and must be kept clean between fabrication steps and during shipping. 
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The best method of cleaning is to electropolish the component. This procedure 
actually removes some of the surface metal, along with any contaminants on the 
surface. 

All gas supply system components such as valves and regulators should be 
fabricated in a shop where cleanliness can be controlled. Also, some subassemblies 
and piping ‘‘spools” should be fabricated in a cleanliness-controlled shop area. 
However, fabrication of the gas distribution piping to interconnect the various 
components is usually done in the field at the job site. This exposes the components 
and piping pieces to contamination from the atmosphere. Therefore, the division 
of work between the shop and the field must be carefully considered. 

Components must be packaged to ensure the cleanliness level is maintained. 
Double-wrapping in plastic bags is a minimum requirement. Piping must have the 
ends capped. The tubes must be pressurized with pure nitrogen or argon, or sealed 
in a pressurized container. Consideration must be given to both the final destination 
and the route of transit. Changes in altitude, and hence pressure, could damage pack- 
aging. 

Once the clean components arrive at the plant site, they must be stored so that 
the cleanliness of the components is maintained. While waiting for installation, all 
components must be stored in their protective wraps, and only opened when ready 
to be finally installed. 

Special care and procedures must be used to install the component without 
introducing unnecessary contamination. It may be necessary to provide a portable 
clean room at the installation site to perform some of the required on-site fabrication 
in as clean an environment as possible. The clean room should be at least Class 
100 quality. As much of the subcomponent assembly as possible should be done 
in this portable clean room. After subcomponent fabrication, all open ends of 
“spool pieces" must be covered with an anti-static polyethylene or anti-static mylar 
wrap and kept sealed until just prior to welding into the final assembly. 

It may also be necessary to construct a clean environment around some system 
parts to ensure that minimum contamination is introduced as final component 
installation is performed. 

To reduce the possibility of atmospheric contamination entering the partially 
fabricated piping system, the portion of the system that has been completed must 
be continually purged with a pure, inert gas filtered to submicrometer levels. Since 
inert gases are used for purging and for maintaining clean conditions, safety provis- 
ions must be made to protect personnel against asphyxiation. 

In addition, all tools that might come in contact with process gas surfaces must 
be maintained in as clean a condition as possible. These tools must be specially 
cleaned; used only on the clean system; and stored in the clean room or a clean envi- 
ronment. 


QUALITY ASSURANCE 


An independent quality assurance representative should be used to review and 
approve all installation procedures for the construction of a gas supply system, and 
to conduct certain tests and inspections as agreed to by the owner. These procedures 
and tests should include the following activities: 


1. Inspect the precleaned, UHP components prior to shipment. 
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2. Review and approve written procedures for the fabrication and field installation 
of the UHP piping system. 

3. Oualify personnel to work on the UHP piping system, including welder qualifica- 
tions. 


4. Approve weld coupons prior to actual production welding each day. 


5. Observe and inspect actual construction work to ensure that agreed-upon proce- 
dures are being followed. 


6. Witness leak tests on the UHP piping system. 


7. Conduct or witness analytical construction verification testing of the gas system 
for moisture, oxygen, hydrocarbons, and particulates during construction. 


To ensure that minimal contamination migrates into the UHP gas supply system 
during operation, the gas supply piping system must be as leak-tight as possible. 
Extensive helium leak testing using either a helium-argon test mixture under pres- 
sure on the inside of the piping (outboard test) or pure helium on the outside with 
a vacuum on the inside of the piping (inboard test) must be conducted in which 
each component, piping system weld, and mechanical joint is separately tested. 
Specification of leak rates of less than 1.27 x 10 5 ft?/hr (10 ?/sec) at one atmosphere 
of helium are typically required. Use of either the inboard or outboard test method 
may be acceptable; each has specific benefits and problems. The designer must take 
into account which method is to be used. 

Construction verification testing of the system may be required at several points 
in the project installation schedule in addition to certification at completion. The 
quality assurance representative should also oversee the final analysis of the UHP 
system to verify that it meets all product purity specifications. 


CHECKOUT AND START-UP 


The same care that was taken in the design and installation of the UHP gas system 
must be extended to system start-up. If proper precautions are not taken, all the 
benefits of a UHP installation can be nullified with the introduction of gross contami- 
nation into the system. Typically, the gas supplier oversees the start-up of the gas 
supply and distribution systems in coordination with the customer. Great care must 
be exercised so as not to contaminate the system. 

The entire system must be systematically purged of the weld argon and test 
gases and replaced with product gas. For example, if an outboard helium leak test 
was conducted, it must be recognized that the helium has permeated into the 
elastomeric materials such as valve seats, and that trapped gases may be down- 
stream of isolation valves that were shut off to isolate segments of the system 
during testing. 

Finally, since the output yield of semiconductor fabs is so dependent upon the 
purity and cleanliness level of the gas supplies, knowledge of system operation 
and cleanliness level is necessary at all times to warn of poor operation, back- 
contamination, or impending performance degradation. Continuous, automatic, 
computer-controlled, analytical monitors have been developed to very rapidly sur- 
vey all critical operating parameters, gas purities, and particulate cleanliness. These 
monitors analyze system maladies and either send out alarms with suggested correc- 
tions or correct system adjustments automatically. 
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The broad term refrigeration refers to a general science concerned with the use of 
producing temperatures below normal for commercial or other useful purposes. 
Refrigeration piping is used in conjunction with refrigeration equipment. Refriger- 
ants are fluids which absorb heat by evaporating at a lower temperature and pressure 
and transfer heat out when they condense at a higher pressure and temperature. 
The increase in pressure necessary to elevate the temperature level is produced by 
a compressor of the reciprocating, rotary, or centrifugal type. In the case of an 
absorption system, the transfer of heat, thereby boiling the more volatile refrigerant 
out of a solution. 

Fluids which do not change state are sometimes used to transfer heat in an 
indirect system. Such fluids are called secondary coolants. To be classified as a 
secondary coolant, the fluid must be used for the transfer of heat without a change 
in its state. Brine, a solution of salt and water, is a secondary coolant. 

Many fluids have been used as volatile refrigerants in the evaporation, compres- 
sion, condensing, and expansion cycle. This chapter will deal with application and 
structural design of piping for the more commonly used volatile refrigerants such 
as ammonia and some of the halogenated hydrocarbons. It will also cover general 
methods for other refrigerants where specific tables are not presented. Since volatile 
refrigerants are used in the liquid, vapor, and mixture phases, each of these will 
be treated separately. 

Many fluids have been used for brines. Originally, the term brines applied to 
salt solutions such as calcium chloride or sodium chloride. The use of such salt 
brines permitted the transfer of heat at lower temperature levels without introducing 
refrigerant of the volatile type into refrigerated spaces. These brines were commonly 
used for cold storage plants, ice plants, or commercial and process refrigeration. 

Solutions of glycols are also used as secondary coolants. Ethylene glycol and 
propylene glycol are most commonly used for this purpose. Several other compounds 
or mixtures have been developed specifically for the purpose of heat-transfer media. 
These compounds are specifically designed to have high thermal capacities, low 
viscosities, and other desirable properties for high heat transfer and low pressure 
losses. 
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Two major codes relate to refrigeration piping. One of these is the American 
Standard Safety Code for Mechanical Refrigeration. This code is reviewed and 
revised periodically. The most recent edition at the time of this writing was issued 
in 1994. This code is sponsored by the American Society of Heating, Refrigerating, 
and Air Conditioning Engineers and has been adopted by many states and munici- 
palities to be the existing law in these localities. This Code will be referred to 
frequently in this section and will be designated as ANSI/ASHRAE 15. 

Another important Code on piping is the American Standard B31 Code for 
Pressure Piping.’ Section B31.5 covers refrigeration piping and relates to structural 
design rules, fabrication, construction, and testing. The code in this section will be 
referred to as the ASME B31.5 Code. 

This section recognizes and uses the definitions included in Sec. 3 of ASHRAE 
15. The definitions included in Sec. 500.2 of the ASME B31.5 Code are also used. 
In general, the definitions in these two Codes coincide with definitions in the ASME 
Boiler Code, Sec. VIII, usually called the Pressure Vessel Code. In addition, the 
ASME B31.5 Code recognizes and refers to the basic definitions of the American 
Welding Society. 

Other basic definitions accepted by the refrigeration and air-conditioning indus- 
try are given in ASHRAE Terminology of H eating, Ventilation, Air-Conditioning 
and Refrigeration, published by the American Society of Heating, Refrigerating, 
and Air Conditioning Engineers.* 


REFRIGERATION CYCLES 


Compression System 


Figure C9.1a shows a typical single-stage refrigeration cycle plotted on a pressure- 
enthalpy chart. Figure C9.1b is a typical diagram of a single-stage compression 
system and shows a compressor, a condenser, an optional receiver, an expansion 
device, and an evaporator. The state points on the line diagram of Fig. C9.1b are 
numbered to correspond to the same points on the pressure-enthalpy chart of 
Fig. C9.1a. 

In a typical system, Pı represents the pressure in the evaporator corresponding 
to the temperature at which the refrigerant is evaporating. From point 1 to point 
2, the refrigerant vapor is carried to the compressor in a suction line. The pressure- 
enthalpy chart indicates a small pressure drop in this line. From point 2 to point 
3, the refrigerant vapor is compressed. The connection between points 3 and 4 
represents the discharge, or hot-gas, line, and the pressure-enthalpy chart also 
indicates the pressure drop due to friction in this line. Desuperheating and condensa- 
tion of the refrigerant at constant pressure in the condenser occur between points 
4 and 5. The liquid line is represented by the section between point 5 and point 6. 
From point 6 to point 7, there is a representation of the pressure reduction or 
"expansion" through the expansion device. From point 5 to point 8, the refrigerant 
is a mixture of liquid and vapor because of the expansion at constant enthalpy. At 
point 8, the liquid and vapor mixture enters the evaporator; heat transferred from 
the evaporator results in evaporation of the liquid in the liquid-vapor mixture and, 
as indicated, a slight superheating of the resultant vapor. At point 1, the cycle 
is completed. 

In this chapter, the line between points 1 and 2 will be referred to as the suction 
line. The pipe or tubing between points 3 and 4 will be designated as the hot-gas 
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FIGURE C9.1 Compression refrigeration cycle. (Courtesy Carrier A ir 
Conditioning Co.) 
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line. The piping between points 5 and 6 will be termed the liquid line before 
expansion, and that between points 7 and 8 will be called the liquid line after 
expansion. 


Absorption System 


Figure C9.2 shows a typical piping arrangement for an absorption-refrigeration 
cycle in which a lithium salt solution is used with water as the refrigerant. In such 
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FIGURE C9.2. Absorption refrigeration cycle, lithium bromide type. (Courtesy C ar- 
rier Air Conditioning Co.) 


a system, the absorber and generator serve the same purpose as the compressor in 
a compression system. The refrigerant is absorbed in solution at low pressure in 
the absorber and is pumped to the generator, where the refrigerant is boiled out 
of the solution at high pressure. The state points are numbered in Fig. C92 to 
correspond to the similar points of the compression system cycle in Fig. C9.1a. 

For other types of absorption systems (such as ammonia and water), a rectifier 
or a fractionating-column type of purifier would be installed between the generator 
and condenser. Also, the evaporator might be remote or of some other type, such 
as a flooded cooller or a direct expansion type in which the refrigerant passes 
through coils. 
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In a consideration of the piping of an absorption system, the piping between 
points 3 and 4, 5 and 8, and 1 and 2 may be handled in a manner similar to those 
of a compression system when the different fluids and flow rates which might be 
encountered are taken into account. The solution lines between the absorber and 
generator and through the heat exchanger would be treated as brine lines in the 
case of lithium bromide or lithium chloride systems. For ammonia-water systems, 
properties of aqueous solutions of ammonia are available, and these lines would 
be desinged in the same manner as would be brine or water lines. 

Present-day absorption-refrigeration systems are integrally designed as com- 
plete units, and in many instances the enitre assembly including the piping is 
made at the factory. For these reasons it is seldom necessary to consider piping 
for an absorption system as a separate design problem. However, the principles 
involved in this chapter could be applied to the corresponding sections of an 
absorption system. 


Flow Rates 


Refrigeration is usually measured in tons (KW) of refrigeration or in Btus per hour. 
The relationship between these is 


1 ton of refrigeration = 200 Btu/min or 12,000 Btu/h = 3.517 kW 
(1 kW = 1 KJ/s = 0.2843 Tons) 


For selection of piping, it is necessary to relate refrigeration rate to flow 
rate of the refrigerant. Since the refrigerant changes state in the process, it is 
customary to calculate refrigerant flow in pounds per hour or per minute (kg/s). 
This weight flow rate for a constant rate of refrigeration will be constant throughout 
the system (for a single-stage system). The volume of refrigerant handled at the 
various points of the cycle can be determined if the density at these various points 
is known. Since the volume handled in a suction line is important not only for the 
piping selection but also for the compressor selection, charts are frequently made 
showing the cubic feet per minute per ton (M?/s - kW) of refrigerant gas or vapor 
at this point. 

To calculate the flow rate of refrigerant for a given rate of refrigeration the 
following procedure is used: 


lb 200 
- 2 (C9.1) 
(min ton) (hy — hy) 
K K 
See = (C9.1M) 
s-kW — KJ hg—hf 


where h, is the enthalpy of dry saturated vapor at the evaporator outlet pressure 
or temperature and h; is the enthalpy of the liquid refrigerant at the expansion 
device inlet. 

To calculate the flow rate it is necessary to have thermodynamic properties of 
the refrigerant available. After the mass-flow rate has been determined as shown 
in the equation, it is possible to determine the volume flowing at various points in 
the system. 
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If the specific volume of the refrigerant is known at the state point leaving the 
evaporator corresponding to point 1 in Fig. C9.1a, the volume at that point can be 
determined as follows: 


cfm 2 200 V (C9.2) 
ton — (hg —hy) 
M? V 

(C9.2M) 


s-KW  (h—hp) 


where V is the specific volume of the vapor at the evaporator suction temperature. 
For purposes of design, this value may be taken as the specific volume of dry, 
saturated vapor. 

In the previous equations, h, corresponds to the enthalpy of the refrigerant 
vapor at point 1 leaving the evaporator. In the flooded type of cooler, this state 
point is close to saturation, but for a direct-expansion coil-type evaporator, the 
vapor may be slightly superheated. For low amounts of superheat, it is permissible 
to ignore the superheat for purposes of selecting the piping, although this should not 
be done for compressor selection or for very accurate determination of the velocity. 

The value h; corresponds to the enthalpy of the liquid entering the expansion 
device. Some subcooling of liquid may exist at this point, in which case point 6' 
would result in a more accurate figure. However, for selection of piping, it is 
customary to use the enthalpy of the saturated liquid at the condensing temperature 
(point 5) for determining the flow rate. Later considerations will show when the 
actual state of the liquid may have an effect on the liquid line size. A later example 
will illustrate methods of calculation for flow rate by weight and by volume in the 
suction line for a typical refrigerant. 

Table C9.1 shows flow rates in pounds per minute per ton and cubic feet per 
minute per ton at the suction condition for three common refrigerants: ammonia, 
refrigerant R134a (tetrafluoroethane) and refrigerant 22 (monochlorodifluoro- 
methane). This table is based on enthalpies read at saturated conditions of refriger- 
ant vapor and liquid as previously mentioned. 

The cubic feet per minute per ton (dm? per second per kW) in the discharge 
line cannot be calculated readily because the actual temperature at the end of the 
compression is a function of the compressor design and efficiency and these will 
vary among various manufacturers. The discharge cubic feet per minute per ton 
(dn? per second per kW) for single-stage systems can be approximated by the 
following formula: 


P 
Discharge cfm/ton — suction cfm/ton x a x 1.2 (C9.3) 
2 


P 
(Discharge dm? /s -kW = suction dm? /s - kW x D x 12) (C9.3M) 
2 


where P, — absolute pressure at suction 
P, = absolute pressure at discharge 


This formula is not exact, but it will serve as an approximation when it is necessary 
to determine approximate velocities in discharge lines. 
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TABLE C9.1 Refrigerant Flow Rate 


R134a 
Refrigerant R-717 CH2FCF3 R-22 


chemical formula NH3 1,1,1,2- CHCLF2 
(common name) ammonia Tetrafluoroethane Chlordifluormethane 


Condensing temperature 


°C 30 35 40 30 35 40 30 35: 40 
°F 86 95 104 86 95 104 86 95 104 
Evaporating temperature 
za F lbs/min per ton* 

0 32 0.410 0.420 0.429 2.89 3.02 3.17 2.70 2.81 2.92 

—10 14 0.415 0.424 0.434 3.00 3.14 3.31 2.76 2.87 3.00 
—20 -4 0.420 0.429 0.440 342 3.28 3.46 2.84 2.95 3.08 
—30 -22 0.422 0.432 0.442 3.26 3.44 3.63 2.91 3.04 317 


Cfm/ton (suction line)t 


0 32 1.95 2.00 2.04 3.23 3.38 3.56 2.09 2.80 2.27 
—10 14 2.85 2.92 2.99 4.87 5.11 5.38 2.97 3.09 322 
=20 =4 4.31 4.40 4.51 7.52 7.91 8.34 4.32 4.50 4.69 


—30 =22 6.68 6.84 7.00 12.04 12.69 13.43 6.50 6.77 7.08 


* To convert to kg/s per kw, multiply by 2.1496 x 10? 
t To convert to dm?/s per kw, multiply by 0.1342 


ALTERNATIVE REFRIGERANTS 


Because of the depletion of stratospheric ozone, which is partly attributed to chlorine 
released to the atmosphere from chloro-fluro-carbon (CFC) chemicals, many alter- 
native refrigerants made from fluorinated hydrocarbon gases are being evaluated 
within the refrigeration industry. The common CFC refrigerants R-12 and R-502 
are no longer produced. The hydro-chloro-fluro-carbon (HCFC) refrigerants, such 
as R22, are to be phased out of production in the United States by the year 2015, 
and earlier phaseouts are scheduled in Europe. 

The natural refrigerants ammonia (R-717), propane (R-290), and carbon dioxide 
(R-744) are being promoted in new applications because when released they do 
not contribute to ozone depletion or to global warming. In addition to the customary 
use of ammonia in industrial food processing and storage, ammonia is now being 
widely used in district cooling plants for cooling of commercial buildings. Some 
food processing plants, now using R-12, R-22, or R-502, are converting or planning 
to eventually convert to ammonia. Some new processing plants are being designed 
to use R-22 currently and to convert to ammonia in the future. Propane is now 
being used in domestic refrigerators in Europe and Asia. Carbon dioxide is now 
being used as a low-stage refrigerant in supermarkets. 

In the United States, the Environmental Protection Agency evaluates and regu- 
lates substitutes for the CFC ozone-depleting chemicals. The Significant New Alter- 
natives Policy (SNAP) rule lists substitutes for R-11, R-12, and R-502 in both retrofit 
and new equipment. 
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For new centrifugal chillers which previously used R-11, R-12, R-113, R-114, or 
R-500, the substitute refrigerants are R-123, R-124, R-22, R-134a, R-227ea, 
R-717, and absorption systems. 

* For new reciprocating chillers, which previously used R-12, the substitutes are 
R-22, R-134a, and R-227ea. 

For direct air-conditioning applications, previously using R-12, the popular substi- 
tute is R-134a. 

For cold storage and retail food refrigeration formerly using R-12 and R-502, the 
substitutes are R-22, R-134a, R-227ea, R-402A, R-402B, R-404A, R-507, and 
R-717 vapor compression. 


TABLE C9.2a Temperature-Pressure Chart for Constant Boiling Point Refrigerants 


R-134a R22 R-507 R-290 R-744 
psia psia psia psia psia Temp°F 


—90 0.222 0.696 1.049 0.933 —130 
—80 0.535 1.501 2.197 1.887 —112 
—70 1.5825 1.162 2.965 4.228 3.532 —94 
—65 2.2608 1.738 4.200 5.704 4.856 —85 
—60 3.1688 2.312 5.434 7.571 6.180 —76 
=55 4.3636 3.294 7.394 9.899 8.200 80.47 —67 
—50 5.9112 4.276 9.354 12.76 10.22 90.03 —58 
—45 7.8870 5.852 12.02 16.24 13.16 120.8 —49 
—40 10.376 7.429 1526 20.42 16.10 145.8 —40 
=33 13.473 9.832 19.16 25.41 19.90 174.5 —31 
—30 17.281 12.26 23.76 31.27 24.32 207.1 22, 
=25 21.915 15.45 29.23 38.16 29.50 244.1 —13 
—20 27.498 19.25 35.58 46.11 35.45 285.7 =å 
=15 34.163 23.77 42.99 55.30 42.29 332.3 5 
=10 42.050 29.08 51.46 51.29 50.07 384.2 14 
=5 51.311 35.30 61.21 77.75 58.90 441.8 23 
0 62.102 42.45 72.24 91.23 68.79 505.5 32 

3 74.591 50.72 84.TT 106.4 79.94 2757 41 

10 88.950 60.12 98.80 123.4 92.32 653.0 50 
15 105.36 70.84 115.9 142.5 106.1 737.7 59 
20 124.01 82.90 132.0 163.5 121.3 803.8 68 
25 145.09 96.52 151.6 186.8 138.1 933.2 77 
30 168.80 111.7 172.9 212.5 156.5 1045.9 86 
35 195.35 128.6 196.7 240.8 176.7 95 
40 224.94 147.4 222.5 271.8 198.6 104 
45 257.80 168.2 250.9 305.7 222.5 113 
50 294.15 191.2 281.8 342.7 248.6 122 
55 334.21 216.4 315.5 383.3 276.6 131 
60 378.23 243.9 352.0 421.7 306.9 140 
65 426.45 274.1 391.7 476.3 339.8 149 
70 479.12 306.9 434.7 379.1: 158 
80 598.88 381.9 531.3 454.3 176 
90 739.77 470.5 644.3 545.9 194 
100 904.32 576.1 212 
110 1095.5 230 


Pressure is in psia; subtract 14.696 for gauge pressure (for kPa, multiply psia times 6.8947, subtract 
101.33 for gauge pressure). 
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TABLE C9.2b  Temperature-Pressure Chart for Zerotropic Mixtures with Temperature 
Glide 


R404A 
Pressure Temp °F Pressure 
psia bubble kPa 
2.0 —113.74 —111.89 —108.95 —94.98 —119.71 —119.62 13.79 
4.0 —94.84 —93.16 —89.91 —16.32 —101.65 —101.56 27.58 
6.0 —82.60 —81.02 —TI.61 —6427 —90.00 —89.90 41.37 
8.0 —73.32 —71.80 —68.30 —55.15 —81.18 —81.08 55.16 
10 —65.74 —6428 —47.71 —13.99 — 13.89 —68.95 68.95 
14 —53.64 —5225 —48.60 —35.84 —62.53 —62.42 96.53 
18 —44.02 —42.69 —38.99 —26.43 —53.45 —53.33 124.1 
22 —35.95 —34.66 —30.94 —18.55 —45.84 —45.72 151.7 
26 —28.95 -27.71 —23.97 —11.72 —39.26 —39.13 179.3 
30 —22.15 —21.54 —17.80 —5.67 —3343 —33.30 206.8 
34 —17.15 —15.97 —12.23 —0.23 —28.17 —28.04 2344 
38 —12.04 —10.88 ZEISS 4.78 —23.38 —2325 262.0 
42 =7:33 —6.19 —2.47 9.32 —18.97 —18.83 289.6 
46 —2.94 —1.83 1.88 13.58 —14.87 —14.73 317.2 
50 1.16 225 5.95 17.55 —11.04 —10.89 344.7 
60 10.41 11.46 15.13 26.52 —2.40 —2.24 413.7 
70 18.57 19.58 23.20 34.41 5.20 5.36 482.6 
80 25.88 26.86 30.44 41.47 12.00 12.17 551.6 
90 32.54 33.49 37.03 47.89 18.18 18.36 620.5 
100 38.66 39.58 43.08 53.79 23.86 24.04 689.5 
120 49.65 50.52 53.93 64.35 34.03 3422 827.4 
140 59.34 60.17 63.50 73.65 42.99 43.19 965.3 
160 68.05 68.83 72.10 81.99 51.02 51.23 1103 
180 75.97 76.73 79.92 89.57 58.33 58.44 1241 
200 8327 83.99 87.13 96.53 65.04 65.26 1379 
220 90.04 90.72 93.81 02.98 71.27 71.49 1517 
240 96.36 97.01 100.06 08.99 77.04 77.30 1655 
260 102.29 102.92 105.93 14.64 82.53 82.75 1793 
280 107.90 108.49 111.48 19.95 87.67 87.89 1931 
320 118.24 118.78 121.74 29.75 97.19 97.39 2206 
360 127.63 128.12 131.09 38.63 105.80 106.01 2482 
400 136.24 136.67 139.70 46.75 113.71 113.91 2758 
450 146.06 146.42 149.59 56.00 122.77 122.95 3103 
500 154.99 155.25 158.69 64.41 131.05 131.22 3447 
550 167.13 38.82 138.68 138.82 3792 
600 175.04 79.00 145.72 145.83 4137 
650 182.58 85.04 152.22 152.29 4481 


For gauge pressure in psig, subtract 14.696: For gauge pressure in kPa, subtract 101.33. For temperature 
in °C = 5/9(°F-32) 


The marketplace is determining the popular substitutes for the CFCs. The HCFCs 
such as R-22, R-402A, and R-402B will be eventually phased out. The present 
choices being made in the United States, as reported in the commercial news, are: 
* R-134a and R-22 to replace R-12 in refrigeration systems 
* R-134a, R-407C, and R-410A to replace R-22 in air-conditioning equipment 


* R-404A, R-407A, R-507, and R-717 to replace R-22 and R-502 in refrigeration 
systems 
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Tables C9.2a and C92b show the temperature-pressure relation for the main 
candidates. The pressures shown may be expected in refrigerant lines when both 
liquid and vapor are present. Propane (R-290) is included; however flammable 
options are not used in equipment exposed to the public in the United States 
because of liability laws. Table C9.2b shows the pressure-temperature relation for 
blends of two or more components. These mixtures have temperature changes, 
called temperature glides, during vaporizing and condensing. Note that R-404A and 
R-410A have very little temperature glide, so that they may be treated similarly 
to azeotropes (mixtures with a constant boiling temperature, such as R-507). These 
and similar mixtures with very small glides are informally referred to as near- 
aseotropic refrigerant mixtures (NARMs). R-407A, R-407C, and many other blends 
have significant temperature glide. With careful design of evaporators and condens- 
ers, the glide can be used to improve efficiency. However, blends with significant 
temperature glide must be charged into the system in the liquid phase in order to 
maintain the percentage of the components. Also, blends with glide are not suitable 
for use in flooded evaporators. 


PRESSURE DROP IN REFRIGERATION PIPING 


There are two separate tasks when designing a refrigeration piping system. The 
first task is to select the size of a pipe for a given flow. The second task, determining 
pressure drop, is accomplished after the pipe size is selected. Both tasks use the 
same equation, which describes the pressure drop in fluid flow within piping. 

However, the tasks must be addressed separately. Customary piping tables, such 
as C9.4 through C9.9, list capacities at specified temperature or pressure drops per 
unit length of piping. These tables are an aid to determining the pressure drop 
after the equivalent length is known. But the equivalent length depends upon the 
diameter selected. Thus it is clear that the listed capacities are only correct for the 
unit length basis used in developing the table and are not to be used as recom- 
mended capacities. 


Darcy-Weisbach Equation 


The pressure drop of most fluids in piping is described by the Darcy-Weisbach 


equation: 
L y? 
Ap = #(5) (ox) (C9.4) 


(e) ow 


where Ap = pressure, psf (pa) 
f = Moody friction factor, dimensionless 
L = length of pipe, ft (m) 
D = inside diameter of pipe, ft (m) 
p = density, lb/ft? (kg/m?) 
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V = velocity, ft/s (m/s) 
g = gravity acceleration, 32.174 ft/s’ (9.807 m/s?) 


Optimum Sizing 


In order to select a pipe size, some previous experience or criteria is needed, other 
than the customary capacity tables. Figure C9.3 illustrates the economics of selecting 
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A. Present value of fluid friction cost. 
B. Cost of installed pipe. 
C. Total cost. 


FIGURE C9.3 Cost of fluid friction and installed pipe. 


a pipe size. Initially, it may seem that for a given flow and refrigerant condition, 
the optimum diameter of a long pipe will be greater than that of a short one. 
Richards! shows, however, that the optimum diameter is independent of length. 
The method sets the present installed cost of pipe minus the present worth of the 
lifetime pumping costs equal to zero, and then differentiates with respect to diameter 
to determine the optimum diameter. The length cancels in this analysis, which 
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proves that the optimum diameter is independent of length. The effect of longer 
lengths is to increase the power cost for operation and may, for extreme lengths, 
require a slightly larger pump or compressor. The first cost of the next-larger pipe 
size will always exceed the savings represented by the present worth of future power 
costs. The total owning costs of a smaller pipe size will always be greater than for 
an optimum choice, because the present worth of the future cost of operation will 
always exceed the first cost savings. 

Studies’? recently made for R-717 and R-22 give some guidance for recom- 
mended piping capacities. Conservative conditions are assumed in ammonia indus- 
trial applications. Assume typical equipment efficiencies, running 40 percent of the 
time at full load for 15 years, with power cost of $0.05 per kW, the cost of money 
5 percent higher than inflation, and with installed insulated pipe costs of $13.00 per 
in of dia per ft of length ($1.68 per mm of dia per m of length). The results of such 
studies can be expressed in recommended velocity pressures per velocity head, 
Ap/k = pV?/2g (Ap/k = p V?/2). A more convenient form is to state the recom- 
mended equivalent temperature drop in a globe valve. 


Recommended Temperature Drop Gradients for Vapor Flow in 
Industrial Applications 


* For R-717 vapor, the result of such studies suggests that the temperature drop 
in a globe valve at low temperatures should be about 0.25?F (0.14?C), that is 
at —40°F (—40°C), and at high temperatures about 0.125?F (0.07°C), i.e. = at 
41°F (25°C). 

¢ For R-22 vapor, the suggested temperature drop in a globe valve at low tempera- 
tures should be about 0.5°F (0.28°C), and at high temperatures about 0.25°F 
(0.14°C). 


Practical temperature drop gradients can be much greater with higher installation 
and operating costs, with less running time, and with shorter capital recovery life. 
For each doubling of any combination of increased costs or reduced running time 
or life expentancy, the optimum capacity increases by 28 percent, the pressure 
gradient increases by 58 percent in copper tube and by 62 percent in steel pipe. 
The natural refrigerants R-290 and R-744 use similar pressure gradients as R-717. 
All halocarbon refrigerants use similar pressure gradients to R-22. 


Comparing Pipe Flow Capacities 
To compare pipe flow capacities we can rewrite the Darcy equation in terms of 


mass flow. Since mass flow equals area times velocity times density, we can insert 
the mass flow divided by area and density in place of velocity. 


L w? 
dE (5) (sama) (C9.5) 


pum ONE (C9.5M) 
DJ/X2*A?*p 
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where w = flow, Ibm/s (kg/s) 
A = inside flow area of pipe, ft? (m?) 


Rearranging the equation to show the mass flow capacity: 


2*g* Apps DV95 

» (Zee (C9.6) 
2*Ap*p*D o3 

WEA (AE (C9.6M) 


Now, since it can be shown that all pipe sizes have similar L /D ratios and since 
the pressure drop and density are relatively constant for a given application, we 
can show that the mass flow is proportional to the area divided by the square root 
of the friction factor. 


EUM 
vi 


The relative values of friction factors for fully turbulent flow extend reasonably 
well in the area of the Moody chart between laminar and fully turbulent flow where 
most applications occur. Table C9.3 compares optimum pipe flow capacities for 
R-717 suction lines compared to capacities listed in Table C9.7. The friction factors 
used are those for fully turbulent flow. 

The obvious point to be made in the previous comparison is that the listed 
capacities in Tables C9.4 through C9.9 are not recommended capacities. These 
tables merely provide a convenient starting point for adjusting the capacity and 
temperature drop to other lengths and to other capacities. After a pipe size is 


wr (C9.7) 


TABLE C9.3 Ammonia Vapor Flow Methods Compared 


e ee ee ae a 


d(inch) 0.957 1.50 2.067 3.007 4026 5.045 6.065 7.981 10.02 1200 
d(mm) 26.64 | 40.88 52.50 7793 1023 1282 1541 2027 2545 3048 
0.0225 0.0202 0.0190 0.0173 0.0163 0.0155 0.0149 0.0141 0.0134 0.0130 
multiplier? 0.0481 0.1247 0.2441 0.5632 1.0000 1.6109 2.3725 4.2280 6.8205 9.9599 


Optimum? 

ons —30°F 3.3 8.6 17.1 39.4 69.9 113 166 302 477 696 
Table C9.3 

ons —30°F 1.9 7.3 14.1 40.1 83.5 150 244 500 900 1450 
Ye psi/100 ft 


Optimum? 9.0 23.3 46.0 106.2 189 304 447 815 1286 1878 
ons + 40°F 

Table C9.3 

ons + 40°F 43 17.1 32.8 92.5 190 342 558 1135 2040 3325 
V5 psi/100 ft 


Note 1: The multiplier is A/f°°, relative to IPS 4 (DN 100) at 1.0000. 
Note 2: Optimum capacity is from Reference 9. 
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selected, the equivalent lengths including the valves and fittings are totaled from 
Tables C9.10a, b, and c. The pressure drop or temperature drop can be found by 
using the formulas in Notes 2 and 3 under Tables C9.7, C9.8, and C9.9. There are 
factors other than economics, that affect line sizes. These factors are discussed in 
the following paragraphs. 


Suction Lines 


In Fig. C9.1a, the evaporator pressure between points 8 and 1 is established by the 
heat load in the evaporator. The compressor pumps the refrigerant from point 2 
to point 3. A pressure loss in the suction line between point 1 and 2 causes the 
compressor to operate at a lower suction pressure. Since the vapor expands at a 
lower pressure and since the compressor is essentially a fixed-volume device, a 
reduction in suction pressure causes a decrease in mass flow. The increased pressure 
differential due to pressure loss also results in more power per ton (per kW) 
of refrigeration. 

Pressure drop and costs are not the only considerations in the selection of suction 
lines for refrigeration systems. The chlorinated hydrocarbons (CFCs and HCFCs) 
are miscible to some degree with mineral oil. The newer fluorinated hydrocarbons 
(HFCs) require synthetic lubricants in most cases to provide for mutual solubility 
that will keep the oil in circulation to enable the return of oil to the compressor. 
The sizing of oil return lines for vertical suction risers is discussed later in connection 
with Table C9.13. 

It is customary to size suction lines so that the total loss in pressure doesn't 
exceed the equivalent of about 4°F (2.2°C) in saturated temperatures for halocarbon 
refrigerants and about 2°F (1.1°C) for ammonia. Greater equivalent pressure drops 
are tolerated in very long piping systems. Tables C9.2a and C9.2b reveal the relation 
between pressure change and temperature change for common refrigerants. Keep 
in mind that the system capacity loss, or the increased cost of refrigeration due to 
suction line pressure loss is about 2.2 percent per°F (4 percent per°C). Tables C9.4, 
C9.5, and C9.6 show suction line capacities in tons for two temperature loss rates 
per 100 feet (KW per K/m). The capacities are shown for single-stage systems with 
condensing temperatures at 86°F (30°C) for R-717 and 104°F (40°C) for R-134a 
and R-22. 

When the liquid feed is precooled in economized or two-stage systems, the 
system capacities increase in proportion to the enthalpy increase between liquid 
and suction. Tables of the thermal properties of the refrigerant are required to 
assist in such an analysis. Table C9.7 for ammonia lists suction line capacities. Tables 
C9.8 for R-134a and C9.9 for R-22 list suction line capacities. The formulas in the 
table notes provide the means of adjusting the line capacity or temperature drop 
from the table values to actual values. The factors in Note 4 provide for the effect 
of different condensing temperatures. 

The application of two-phase flow or the simultaneous liquid and vapor flow in 
return lines from evaporators to accumulators is not treated in this discussion. 
Suffice it to say that the pressure drop in horizontal two-phase flow increases the 
pressure drop approximately in proportion to the increase in the mass flow. This 
means that the velocity in the suction line for liquid overfeed applications should 
be reduced approximately by the reciprocal of the square root of the circulating 
number. The circulating number is the reciprocal of the refrigerant quality at the 
evaporator exit. For example, the velocity in return piping, for a circulating number 
of 4 (vapor quality at the exit of the evaporator is 0.25 or 3 parts liquid and 1 part 


TABLE C9.4 (IP) 
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Suction Line Capacities in Tons for Ammonia with Pressure Drops of 
0.25 and 0.50?F per 100 ft Equivalent 


Saturated suction temperature, ^F 
Steel 
line size —60 —40 —20 
At = 0.025°F At=0.50°F | At=0.25°F At=0.50°F | At=0.25°F At = 0.50°F 
NPS | SCH | Ap = 0.046 Ap = 0.092 | Ap = 0.077 Ap = 0.155 | Ap = 0.123 Ap = 0245 
y6 80 0.03 0.05 0.06 0.09 0.11 0.16 
L 80 0.06 0.10 0.12 0.18 0.22 0.32 
Ya 80 0.15 0.22 0.28 0.42 0.50 0.73 
1 80 0.30 0.45 0.57 0.84 0.99 1.44 
TA 40 0.82 121 1.53 2.24 2.65 3.84 
1% 40 1.25 1.83 2.32 3.38 4.00 5.80 
2 40 2.43 3.57 4.54 6.59 7.19 11.26 
2⁄2 40 3.94 5.78 7.23 10.56 12.50 18.03 
3 40 7.10 10.30 13.00 18.81 22.23 32.09 
4 40 14.77 21.21 26.81 38.62 45.66 65.81 
5 40 26.66 38.65 48.68 70.07 82.70 119.60 
6 40 43.48 62.83 79.18 114.26 134.37 193.44 
8 40 90.07 129.79 163.48 235.38 277.80 397.55 
10 40 164.26 236.39 297.51 427.71 504.98 721.08 
12 ID 264.07 379.88 471.55 686.10 808.93 1157.59 
Saturated suction temperature, °F 
Steel 
line size 0 20 40 
At = 0.025°F At=0.50°F | At=0.25°F At=0.50°F | At=0.25°F At = 0.50°F 
NPS | SCH | Ap = 0.184 Ap = 0.368 | Ap = 0.265 Ap = 0.530 | Ap = 0.366 Ap = 0.582 
y6 80 0.18 0.26 0.28 0.40 0.41 0.53 
L 80 0.36 0.52 0.55 0.80 0.82 1.05 
Ya 80 0.82 1.18 1.26 1.83 1.87 2.38 
1 40 1.62 2.34 2.50 3.60 3.68 4.69 
1% 40 4.30 6.21 6.63 9.52 9.76 12.42 
1% 40 6.49 9.34 9.98 14.34 14.68 18.64 
2 40 12.57 18.12 19.35 27.74 28.45 36.08 
2Vo 40 20.19 28.94 30.98 44.30 45.37 57.51 
3 40 35.87 51.35 54.98 78.50 80.40 101.93 
4 40 73.56 105.17 112.34 160.57 164.44 208.34 
5 40 133.12 190.55 203.53 289.97 296.88 376.18 
6 40 216.05 308.62 329.59 469.07 480.96 609.57 
8 40 444.56 633.82 676.99 962.47 985.55 1250.34 
10 40 806.47 1148.72 1226.96 1744.84 1786.55 2263.99 
12 ID 1290.92 1839.28 1964.56 2790.37 2862.23 3613.23 
Note: Capacities are in tons of refrigeration resulting in a line friction loss (Ap in psi per 100 ft 


equivalent pipe length), with corresponding change (At in °F per 100 ft) in saturation temperature. 


vapor) should be reduced to 50 percent of the velocity allowed for the vapor flow 
alone. Vertical risers in two-phase flow require higher velocities or multiple risers 
to carry the liquid upward with reduced pressure losses. Pressure losses in two- 
phase flow are reduced when accumulators are located below and close to evapora- 
tors. When accumulators are located above evaporators, arrangements for separat- 
ing and pumping the liquid return improve efficiency. 
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TABLE C9.4M (SI) 


Saturated suction temperature, ^C 


Suction Line Capacities (KW) for Ammonia for Pressure Drops of 0.005 and 0.01 K/m Equivalent 


Steel 
line size —50 —40 —30 
nominal At — 0.005 K/m At — 0.01 K/m At — 0.005 K/m At — 0.01 K/m At — 0.005 K/m At — 0.01 K/m 
DN Ap — 12.1 Pa/m Ap — 242 Pa/m Ap — 19.2 Pa/m Ap — 38.4 Pa/m Ap = 29.1 Pa/m Ap — 582 Pa/m 
10 0.19 0.29 0.35 0.51 0.58 0.85 
15 0.37 0.55 0.65 0.97 1.09 1.60 
20 0.80 1.18 1.4 2.08 2.34 3.41 
25 1.55 2.28 2.72. 3.97 4.48 6.51 
32 3.27 4.80 5.71 8.32 9.36 13.58 
40 4.97 7.27 8.64 12,57 14.15 20.49 
50 9.74 14.17 16.84 24.50 27.57 39.82 
65 15.67 22.83 27.13 39.27 44.17 63.77 
80 28.08 40.81 48.36 69.99 78.68 113.30 
100 57.95 84.10 99.50 143.84 161.77 232.26 
125 105.71 153.05 181.16 261.22 293.12 420.83 
150 172.28 248.91 294.74 424.51 476.47 683.18 
200 356.67 514.55 609.20 874.62 981.85 1402.03 
250 649.99 937.58 1107.64 1589.51 1782.31 2545.46 
300 1045.27 1504.96 1777.96 2550.49 2859.98 4081.54 
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TABLE C9.4M (SI) Suction Line Capacities (KW) for Ammonia for Pressure Drops of 0.005 and 0.01 K/m Equivalent (Continued) 


Saturated suction temperature, ^C 


Steel 
line size —20 —5 +5 
nominal At = 0.005 K/m At = 0.01 K/m At = 0.005 K/m At = 0.01 K/m At = 0.005 K/m At = 0.01 K/m 
DN Ap = 42.2 Pa/m Ap = 84.4 Pa/m Ap = 69.2 Pa/m Ap = 138.3 Pa/m Ap = 92.6 Pa/m Ap = 185.3 Pa/m 
10 0.91 1.33 1.66 2.41 2.37 3.42 
15 1.72 2.50 3.11 4.50 4.42 6.37 
20 3.66 5.31 6.61 9.53 9.38 13.46 
25 6.98 10.10 12.58 18.09 17.79 25.48 
32 14.58 21.04 26.17 37.56 36.94 52.86 
40 21.99 31.73 39.40 56.39 55.53 79.38 
50 42.72 61.51 76.29 109.28 107.61 153.66 
65 68.42 98.23 122.06 174.30 171.62 245.00 
80 121.52 174.28 216.15 308.91 304.12 433.79 
100 249.45 356.87 442.76 631.24 621.94 885.81 
125 452.08 646.25 800.19 1139.74 1124.47 1598.31 
150 733.59 1046.77 1296.07 1846.63 1819.59 2590.21 
200 1506.11 2149.60 2662.02 3784.58 3735.65 5303.12 
250 2731.90 3895.57 4818.22 6851.91 6759.98 9589.56 
300 4378.87 6237.23 7714.93 10973.55 10810.65 15360.20 


Note: Capacities are in kilowatts of refrigeration resulting in a line friction loss per unit equivalent pipe length (Ap in Pa/m), with corresponding change in saturation 
temperature per unit length (At in K/m). 
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TABLE C9.5 (IP) Suction Line Capacities in Tons for Refrigeration 134a (Single- or High-Stage Applications) 


Line size Saturated suction temperature, °F 
0 10 20 30 40 
Type L 
copper, At- PF At-O0.YF| At- PF At—- OF | At- PF At=O05°F| At=1F At- OSF| At- VF At - OF 
OD Ap=0.50 Ap=0.25 | Ap=0.60 Ap—030|/Ap—0.71 Ap = 0.35 | Ap = 0.83 Ap = 0.42 | Ap = 0.97 Ap = 0.48 
Vo 0.10 0.07 0.12 0.08 0.16 0.11 0.19 0.13 0.24 0.16 
96 0.18 0.12 0.23 0.16 0.29 0.20 0.37 0.25 0.45 0.31 
76 0.48 0.33 0.62 0.42 0.78 0.53 0.97 0.66 1.20 0.82 
1% 0.99 0.67 1.26 0.86 1.59 1.08 1.97 1.35 2.43 1.66 
1% 1.73 1.18 2.21 1.51 2.77 1.89 3.45 2.36 4.25 2.91 
1% 2.75 1.88 3.50 2.40 4.40 3.01 5.46 3.75 6.72 4.61 
2% 5.73 3.92 7.29 5.00 9.14 6.27 11.40 7.79 14.00 9.59 
2% 10.20 6.97 12.90 8.87 16.20 11.10 20.00 13.80 24.70 17.00 
3% 16.20 11.10 20.60 14.20 25.90 17.80 32.10 22.10 39.40 27.20 
3% 24.20 16.60 30.80 21.20 38.50 26.50 47.70 32.90 58.70 40.40 
4% 34.20 23.50 43.40 29.90 54.30 37.40 67.30 46.50 82.60 57.10 
5¥% 61.30 42.20 77.70 53.60 97.20 67.10 121.00 83.20 148.00 102.00 
6% 98.80 68.00 125.00 86.30 157.00 108.00 194.00 134.00 237.00 165.00 
Steel 
NPS | SCH 
Vo 80 0.16 0.11 0.20 0.14 0.25 0.17 0.30 0.21 0.37 0.26 
Ya 80 0.36 0.25 0.45 0.31 0.56 0.39 0.69 0.48 0.84 0.59 
1 80 0.70 0.49 0.88 0.61 1.09 0.77 1.34 0.94 1.64 1.15 
1% 40 1.84 1.29 2.31 1.62 2.87 2.02 3.54 2.48 4.31 3.03 
1% 40 2.77 1.94 3.48 2.44 4.32 3.03 5.30 3.73 6.47 4.55 
2 40 5.35 3.75 6.72 4.72 8.33 5.86 10.30 7.20 12.50 8.78 
2% 40 8.53 5.99 10.70 7.53 13.30 9.35 16.30 11.50 19.90 14.00 
3 40 15.10 10.60 18.90 13.30 23.50 16.50 28.90 20.30 35.20 24.80 
4 40 30.80 21.70 38.70 27.20 48.00 33.80 58.80 41.50 71.60 50.50 
5 40 55.60 39.20 69.80 49.10 86.50 60.93 106.00 74.95 129.00 91.00 
6 40 89.90 63.40 113.00 79.60 140.00 98.50 172.00 121.00 209.00 148.00 


Ap = pressure drop due to line friction, psi per 100 ft equivalent line length 
At = change in saturation temperature corresponding to pressure drop, °F per 100 ft 
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TABLE C9.5M (SI) Suction Line Capacities in Kilowatts for Refrigeration 134a (Single- or High-Stage Applications) for Pressure Drops of 0.02 
and 0.01 K/m Equivalent 


Saturated suction temperature, °C 
—10 mo 0 5 10 
Seane At=0.02K_At=0.01K | At-002K At=0.01K | At=0.02K_ At=0.01K | At=002K At=0.01K | At=0.02K_ At= 0.01 K 
ine 
size, Ap = 159 Ap = 79.3 Ap = 185 Ap = 92.4 Ap = 212 Ap = 106 Ap = 243 Ap = 121 Ap = 278 Ap = 139 
Copper O.D. 
mm 
12 0.42 0.28 0.52 0.35 0.63 0.43 0.76 0.51 0.91 0.62 
15 0.81 0.55 0.99 0.67 1.20 0.82 1.45 0.99 1.74 1.19 
18 1.40 0.96 1.73 1.18 2.09 1.43 2.53 1.72 3.03 2.07 
22 2.48 1.69 3.05 2.08 3.69 2.52 4.46 3.04 5.34 3.66 
28 4.91 3.36 6.03 4.13 7.31 5.01 8.81 6.02 10.60 7.24 
35 9.05 6.18 11.10 7.60 13.40 9.21 16.20 11.10 19.40 13.30 
42 15.00 10.30 18.40 12.60 22.30 15.30 26.90 18.40 32.10 22.10 
54 30.00 20.50 36.70 25.20 44.40 30.50 53.40 36.70 63.80 44.00 
67 53.40 36.70 65.40 44.90 79.00 54.40 95.00 65.40 113.00 78.30 
79 82.80 56.90 101.00 69.70 122.00 84.30 147.00 101.00 176.00 122.00 
105 178.00 122.00 217.00 149.00 262.00 181.00 315.00 217.00 375.00 260.00 
Steel 
DN 
10 0.61 0.42 0.74 0.52 0.89 0.62 1.06 0.74 1.27 0.89 
15 1.13 0.79 1.38 0.96 1.65 1.16 1.97 1.38 2.35 1.65 
20 2.39 1.67 2.91 2.03 3.49 2.44 4.17 2.92 4.94 3.47 
25 4.53 3.17 5.49 3.85 6.59 4.62 7.86 5.52 9.33 6.56 
32 9.37 6.57 11.40 7.97 13.60 9.57 16.30 11.40 19.30 13.60 
40 14.10 9.86 17.10 12.00 20.50 14.40 24.40 17.10 28.90 20.40 
50 27.20 19.10 32.90 23.10 39.50 27.70 47.00 33.10 55.80 39.40 
65 43.30 30.40 52.50 36.90 62.90 44.30 75.00 52.70 88.80 62.70 
80 76.60 53.80 92.80 65.30 111.00 78.30 133.00 93.10 157.00 111.00 
100 156.00 110.00 189.00 133.00 227.00 160.00 270.00 190.00 320.00 226.00 
Ap = pressure drop per unit equivalent length of line, Pa/m 
At = corresponding change in saturation temperature, K/m 
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TABLE C9.6 (IP) 


Suction Line Capacities in Tons for Refrigerant 22 (Single- or High-Stage Applications) 


Line size Saturated suction temperature, °F 
—40 —20 0 20 40 
Type L 
copper, At = 1°F At = 0.5°F At = 1°F At = 0.5°F At = 1°F At = 0.5°F At = 1°F At = 0.5°F At = 1°F At = 0.5°F 
OD Ap = 0.393 Ap = 0.197 | Ap = 0.577 Ap = 0.289 | Ap=0.813 Ap=0.406 | Ap=1.104 Ap=0.552 | Ap=1.455 Ap = 0.727 
Vo 0.07 0.05 0.12 0.08 0.18 0.12 0.27 0.19 0.40 0.27 
ys 0.13 0.09 0.22 0.15 0.34 0.23 0.52 0.35 0.75 0.51 
9A 0.22 0.15 0.37 0.25 0.58 0.39 0.86 0.59 1.24 0.85 
76 0.35 0.24 0.58 0.40 0.91 0.62 1.37 0.93 1.97 1.35 
1% 0.72 0.49 1.19 0.81 1.86 1.27 2T 1.90 3.99 2.74 
1% 1.27 0.86 2.09 1.42 3.25 2.22 4.84 3.32 6.96 4.78 
1% 2.02 1.38 3.31 2.26 5.16 3.53 7.67 5.26 11.00 7.57 
2% 4.21 2.88 6.90 4.73 10.71 7:35 15.92 10.96 22.81 15.73 
2% 7.48 5.13 12.23 8.39 18.97 13.04 28.19 19.40 40.38 27.84 
3% 11.99 8.22 19.55 13.43 30.31 20.85 44.93 31.00 64.30 44.44 
3% 17.89 12.26 29.13 20.00 45.09 31.03 66.81 46.11 95.68 66.09 
4% 25.29 17.36 41.17 28.26 63.71 43.85 94.25 65.12 134.81 93.22 
Steel 
NPS | SCH 
96 80 0.06 0.04 0.10 0.07 0.15 0.10 0.21 0.15 0.30 0.21 
y2 80 0.12 0.08 0.19 0.13 0.29 0.20 0.42 0.30 0.60 0.42 
9A 80 0.27 0.18 0.43 0.30 0.65 0.46 0.95 0.67 1.35 0.95 
1 80 0.52 0.36 0.84 0.59 1.28 0.89 1.87 1.31 2.64 1.86 
1% 40 1.38 0.96 2.21 1.55 3.37 2.36 4.91 3.45 6.93 4.88 
1% 40 2.08 1.45 3.32 2.33 5.05 3.55 7.38 5.19 10.42 7.33 
2 40 4.03 2.81 6.41 4.51 9.74 6.85 14.22 10.01 20.07 14.14 
2% 40 6.43 4.49 10.23 7.19 15.56 10.93 22.65 15.95 31.99 22.53 
3 40 11.38 7.97 18.11 12.74 27.47 19.34 40.10 28.23 56.52 39.79 
4 40 2324 16.30 36.98 26.02 56.12 39.49 81.73 57.53 115.24 81.21 
5 40 42.04 29.50 66.73 47.05 101.16 71.27 147.36 103.82 207.59 146.38 
6 40 68.04 47.86 108.14 76.15 163.77 115.21 238.29 168.07 335.71 236.70 
8 40 139.48 98.06 221.17 155.78 334.94 236.21 488.05 344.19 686.71 484.74 
10 40 252.38 177.75 400.53 282.05 606.74 427.75 881.59 622.51 1243.64 876.79 
12 ID 403.63 284.69 639.74 451.09 969.02 683.22 1410.30 995.80 1987.29 1402.63 


Ap = pressure drop due to line friction, psi per 100 ft equivalent line length 
At = change in saturation temperature corresponding to pressure drop, °F per 100 ft 
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TABLE C9.6M (SI) 
0.01 K/m Equivalent 


Suction Line Capacities in Kilowatts for Refrigerant 22 (Single- or High-Stage Applications) for Pressure Drops of 0.02 and 


Saturated suction temperature, °C 
4 —40 —30 —20 -5 T5 
Nominal 
line At= 0.02 At=0.01 | At= 0.02 At—- 001 | At— 0.02 At=0.01 | At= 0.02 At=0.01 | At= 002 At=0.01 
size, Ap=97.9 Ap= 49.0 | Ap—- 138 Ap=69.2 | Ap=189 Ap=946 | Ap= 286 Ap= 143 | Ap=366 Ap = 183 
O.D. 
mm Copper line 
12 0.21 0.14 0.34 0.23 0.51 0.34 0.87 0.59 1.20 0.82 
15 0.41 0.28 0.65 0.44 0.97 0.66 1.67 1.14 2.30 1.56 
18 0.72 0.49 1.13 0.76 1.70 1.15 2.91 1.98 4.00 2.73 
22 1.28 0.86 2.00 1.36 3.00 2.04 5.14 3.50 7.07 4.82 
28 2.54 1.72 3.97 2.70 5.95 4.06 10.16 6.95 13.98 9.56 
35 4.69 3.19 7.32 4.99 10.96 7.48 18.69 12.80 25.66 17.59 
42 7.82 5.32 12.19 8.32 18.20 12.46 31.03 21.27 42.59 29.21 
54 15.63 10.66 24.34 16.65 36.26 24.88 61.79 42.43 84.60 58.23 
67 27.94 19.11 43.48 29.76 64.79 44.48 110.05 75.68 150.80 103.80 
79 43.43 29.74 67.47 46.26 100.51 69.04 170.64 117.39 233.56 161.10 
105 93.43 63.99 144.76 99.47 215.39 148.34 365.08 251.92 499.16 344.89 
DN Steel line 
10 0.33 0.23 0.50 0.35 0.74 0.52 1.25 0.87 1.69 1.18 
15 0.61 0.42 0.94 0.65 1.38 0.96 2.31 1.62 3.15 2.20 
20 1.30 0.90 1.98 1.38 2.92 2.04 4.87 3.42 6.63 4.65 
25 2.46 1.71 3.76 2.62 5.52 3.86 9.22 6.47 12.52 8.79 
32 5.11 3.56 7.79 5.45 11.42 8.01 19.06 13.38 25.88 18.20 
40 7.68 5.36 11.70 8.19 17.16 12.02 28.60 20.10 38.89 27.35 
50 14.85 10.39 22.65 14.86 33.17 23.27 55.18 38.83 74.92 52.77 
65 23.74 16.58 36.15 25.30 52.84 37.13 87.91 61.89 119.37 84.05 
80 42.02 29.43 63.95 44.84 93.51 65.68 155.62 109.54 211.33 148.77 
100 85.84 60.16 130.57 91.69 190.95 134.08 317.17 223.47 430.77 303.17 
125 15521 108.97 235.58 165.78 344.66 242.47 572.50 403.23 776.67 547.16 
150 251.47 176.49 381.78 268.72 557.25 391.95 925.72 652.73 1255.93 885.79 
200 515.37 362.01 781.63 550.49 1141.07 803.41 1895.86 1336.79 2572.39 1813.97 
250 933.07 656.12 1413.53 996.65 2063.66 1454.75 3429.24 2417.91 4646.48 3280.83 
300 1494.35 1050.57 2264.54 1593.85 3305.39 2330.50 5477.74 3867.63 7433.20 5248.20 
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TABLE C97 (IP) 


Suction, Discharge, and Liquid Line Capacities in Tons for Ammonia (Single- or High-Stage Applications) 


Suction lines (At = 1°F/100 ft) 
Steel Saturated suction temperature, °F Discharge Steel Liquid lines 
line size lines line size - ! 
—40 —20 0 20 40 At = 1°F Velocity = Ap = 20 psi 

NPS | SCH | Ap- 031 Ap=049 Ap=0.73 Ap=1.06 Ap=1.46 | Ap=2.95 | IPS | SCH 100 fpm At = 0.7°F 
96 80 — — — — — — % 80 8.6 12.1 
Vo 80 — — — — — 3.1 Vo 80 142 24.0 
Ya 80 — — — 2.6 3.8 7.1 9A 80 26.3 542 

1 80 — 2.1 3.4 5.2 7.6 13.9 1 80 43.8 106.4 
1⁄4 40 3.2 5.6 8.9 13.6 19.9 36.5 1% 80 78.1 228.6 
1% 40 4.9 8.4 13.4 20.5 29.9 54.8 1% 80 107.5 349.2 

2 40 9.5 16.2 26.0 39.6 57.8 105.7 2 40 204.2 811.4 
2% 40 15.3 25.9 41.5 63.2 92.1 168.5 2⁄2 40 291.1 1292.6 

3 40 27.1 46.1 73.5 111.9 163.0 297.6 3 40 449.6 2287.8 

4 40 55.7 94.2 150.1 228.7 333.0 606.2 4 40 774.7 4662.1 

5 40 101.1 170.4 271.1 412.4 600.9 1095.2 5 40 — — 

6 40 164.0 276.4 439.2 667.5 971.6 1771.2 6 40 — — 

8 40 3372 566.8 901.1 1366.6 1989.4 3623.0 8 40 — — 

0 40 611.6 1027.2 1634.3 2474.5 3598.0 — 10 40 — — 

2 ID 981.6 1644.5 2612.4 3963.5 5764.6 — 12 ID — — 
Notes: 


1; 


Table capacities are in tons of refrigeration. 
Ap = pressure drop due to line friction, psi per 100 ft of equivalent line length 
At = corresponding change in saturation temperature, °F per 100 ft 


. Line capacity for other saturation temperatures At and equivalent lengths Le 


Table Le 


Actual Le 


Actual At| ^?! 
Table At 


Line capacity = Table capacity ( 


. Saturation temperature At for other capacities and equivalent lengths Le 


E 1.96 
At= Table At (a L s) (Am per) 


Table L, /\ Table capacity 


4. Values in the table are based on 90°F condensing temperature. Multiply 
table capacities by the following factors for other condensing temperatures. 


Condensing Suction Discharge 
temperature, ^F lines lines 
70 1.05 0.78 
80 1.02 0.89 
90 1.00 1.00 
100 0.98 111 


5. Discharge and liquid line capacities are based on 20°F suction. Evaporator 
temperature is 0°F. The capacity is affected less than 3% when applied from 
—40 to +40°F extremes. 
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TABLE C9.7M (SI) Suction, Discharge, and Liquid Line Capacities for Ammonia (Single- or High-Stage Applications) 


Suction lines Discharge lines 
Steel At — 0.02 K/m At = 0.02 K/m, Ap = 684.0 Pa/m Steel 

line size Saturated suction temperature, ^C line size 

Nominal —40 -30 —20 5 5 —40 —20 +5 Nominal velocity = At = 0.013 K/100 m 
DN Ap = 76.9 Ap= 116.3 Ap= 168.8 Ap = 276.6 Ap = 370.5 mm 0.5 m/s Ap = 450 Pa/m 

10 0.8 1.2 1.9 3.5 4.9 8.0 83 8.5 10 3.9 63.8 
15 1.4 23 3.6 6.5 9.1 14.9 153 15.7 15 632 118.4 
20 3.0 4.9 741 13.7 19.3 314 32.3 33.2 20 110.9 250.2 
25 5.8 94 14.6 25.9 36.4 59.4 61.0 62.6 25 179.4 473.4 
32 12.1 19.6 30.2 53.7 754 122.7 126.0 129.4 32 311.0 978.0 
40 18.2 29.5 45.5 80.6 113.3 1844 189.4 194.5 40 423.4 1469.4 
50 35.4 57.2 88.1 155.7 218.6 355.2 364.9 374.7 50 697.8 2840.5 
65 56.7 91.6 140.6 248.6 348.9 565.9 581.4 597.0 65 994.8 4524.8 
80 101.0 162.4 249.0 439.8 616.9 1001.9 1029.3 1056.9 80 1536.3 8008.8 
100 206.9 332.6 509.2 897.8 1258.6 2042.2 2098.2 2154.3 — — — 
125 3752 601.8 902.6 1622.0 2271.4 3682.1 3783.0 3884.2 — — — 
150 608.7 975.6 1491.4 2625.4 3672.5 59542 6117.4 6281.0 — — — 
200 1252.3 2003.3 3056.0 5382.5 7530.4 12195.3 12529.7 12864.8 — — — 
250 2271.0 3625.9 5539.9 9733.7 13619.6 22028.2 22632.2 23237.5 — — — 
300 3640.5 5813.5 8873.4 15568.9 217871 35239.7 36206.0 37174.3 — — — 

Notes: 

1. Table capacities are in kilowatts of refrigeration resulting in a line friction loss per 4. Values in the table are based on 30°C condensing temperature. Multiply 
unit equivalent pipe length, with corresponding change in saturation temperature, table capacities by the following factors for other condensing temperatures: 
where ——————————————————— 

Ap — pressure drop due to line friction, Pa/m Condensing Suction Discharge 
temperature, °C lines lines 
At = change in saturation temperature, K/m 20 104 0.86 
2. Line capacity for other saturation temperatures At and equivalent lengths Le 30 1.00 1.00 
: f . { TableL. ., Actual At^?! 40 0.96 1.24 
= ee ; 4 
Line capacity = Table capacity (Sene L. Table x) 50 0.91 1.43 


3. Saturation temperature At for other capacities and equivalent lengths Le 


Actual L, / Actual capacity | '^* 
Table Le \ Table capacity 


5. Discharge and liquid line capacities are based on —5*C suction. 


At- Table At 
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TABLE C9.8 (IP) Suction, Discharge, and Liquid Line Capacities in Tons for Refrigerant 134a 
(Single- or High-Stage Applications) 


Suction lines (At = 2°F/100 ft) 
Saturated suction temperature, ^F Discharge lines AEN 
-— (At = 1°F, Ap = 22 psi/100 ft) gun Liquid lines 
Line size 0 10 20 30 40 Line size 
PU F Saturated suction See notes a and b 
Type L Corresponding Ap, psi/100 ft temperature, °F Type L 
copper Copper, Vel. = At = 1°F 

OD 1.00 1.19 141 1.66 1.93 0 20 40 OD 100 fpm Ap = 2.2 
L^ 0.14 0.18 0.23 0.29 0.35 0.54 0.57 0.59 Vo 2.13 2.79 
3% 0.27 0.34 0.43 0.54 0.66 1.01 1.07 1.12 y6 3.42 5.27 
Ys 0.71 0.91 1.14 1.42 1.75 2.67 2.81 2.94 76 7.09 14.00 
1% 1.45 1.84 2.32 2.88 3.54 5.40 5.68 5.95 1% 12.10 28.40 
1% 2.53 3.22 4.04 5.02 6.17 9.42 9.91 10.40 1% 18.40 50.00 
1% 4.02 5.10 6.39 7.94 9.77 14.90 15.70 16.40 1% 26.10 78.60 
2% 8.34 10.60 13.30 16.50 20.20 30.80 32.40 34.00 2% 45.30 163.00 
2% 14.80 18.80 23.50 29.10 35.80 54.40 57.20 59.90 296 69.90 290.00 
3vs 23.70 30.00 37.50 46.40 57.10 86.70 91.20 95.50 3% 100.00 462.00 
3% 35.10 44.60 55.80 69.10 84.80 129.00 135.00 142.00 3% 135.00 688.00 
4% 49.60 62.90 78.70 97.40 119.43 181.00 191.00 200.00 4% 175.00 971.00 
5% 88.90 113.00 141.00 174.00 213.00 323.00 340.00 356.00 — — — 
6% 143.00 181.00 226.00 280.00 342.00 518.00 545.00 571.00 — — — 
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TABLE C9.8 (IP) 


Suction, Discharge, and Liquid Line Capacities in Tons for Refrigerant 134a 
(Single- or High-Stage Applications) (Continued) 


Suction lines (At = 2°F/100 ft) 
Saturated suction temperature, ^F Discharge lines eae 
"M (At = IF, Ap = 22 psi/100 ft) m Liquid lines 
Line size 0 10 20 30 40 Line size 
Saturated suction See notes a and b 
Corresponding Ap, psi/100 ft temperature, °F 
OD 3 5 P P OD Vel. — At = 1°F 
1.00 1.19 1.41 1.66 1.93 0 20 40 100 fpm Ap = 2.2 
Steel Steel 
NPS SCH NPS SCH 
Vo 80 0.22 0.28 0.35 0.43 0.53 0.79 0.84 0.88 Vo 80 3.43 4.38 
% 80 0.51 0.64 0.79 0.98 1.19 1.79 1.88 1.97 9A 80 6.34 9.91 
1 80 1.00 1.25 1.56 1.92 2.33 3.51 3.69 3.86 1 80 10.50 19.50 
1% 40 2.62 3.30 4.09 5.03 6.12 9.20 9.68 10.10 TA 80 18.80 41.80 
1% 40 3.94 4.95 6.14 7.54 9.18 13.80 14.50 15.20 m 80 25.90 63.70 
2 40 7.60 9.56 11.90 14.60 17.70 26.60 28.00 29.30 2 40 49.20 148.00 
2% 40 12.10 15.20 18.90 23.10 28.20 42.40 44.60 46.70 25 40 70.10 236.00 
3 40 21.40 26.90 33.40 41.00 49.80 75.00 78.80 82.50 3 40 108.00 419.00 
4 40 43.80 54.90 68.00 83.50 101.60 153.00 160.00 168.00 4 40 187.00 853.00 
Notes: 


1. Table capacities are in tons of refrigeration. 


Ap = pressure drop due to line friction, psi per 100 ft of equivalent line length 
At = corresponding change in saturation temperature, °F per 100 ft 


2. Line capacity for other saturation temperatures At and equivalent lengths Le 


Line capacity — Table capacity ( 


Table Le x Actual At\ 9?! 
ActualL, Table At 


(0.51 for steel) 


3. Saturation temperature At for other capacities and equivalent lengths Le 


At- Table a 


è The sizing shown is recommended where any gas generated in the receiver must 
return up the condensate line to the condenser without restricting condensate 
flow. Water-cooled condensers, where the receiver ambient temperature may be 


Actual L..\ ( Actual capacity 
Table L,/ Table capacity 


185 
) (1.96 for steel) 


higher than the refrigerant condensing temperature, fall into this category. 


4. Values in the table are based on 105F condensing temperature. Multiply 
table capacities by the following factors for other condensing temperatures. 


Condensing en 1 f 
temperature, °F Suction line Discharge line 

80 1.158 0.804 

90 1.095 0.882 

100 1.032 0.961 

110 0.968 1.026 

120 0.902 1.078 

130 0.834 1.156 


^ The line pressure drop Ap is conservative; if subcooling is substantial or the 
line is short, a smaller size line may be used. Applications with very little 
subcooling or very long lines may require a larger line. 
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TABLE C9.8M (SI) 


(Single- or High-Stage Applications) 


Suction lines (At = 0.04 K/m) 


Suction, Discharge, and Liquid Line Capacities in Kilowatts for Refrigerant 134a 


Nominal Discharge lines Liquid lines 
line size, : At= 0.02 K/m, Ap = 538 Pa/m 
Type L Saturated Sucuon temperature ( p ) See notesa and. b 
at Corresponding Ap, Pa/m 
CORPER Saturated suction temperature 
O.D. —10°C —5°C oc SC 10°C Vel. = At = 0.02 K/m 
mm Ap = 318 Ap = 368 Ap = 425 Ap = 487 Ap = 555 —10°C 0°C 10°C 0.5 m/s Ap = 538 Pa/m 
12 0.62 0.76 0.92 1.11 1.33 1.69 1.77 1.84 6.51 8.50 
15 1.18 1.45 1.76 2.12 2.54 3.23 3.37 Siol 10.60 16.30 
18 2.06 2:52 3.60 3.69 4.42 5.61 5.85 6.09 16.00 28.40 
22 3.64 4.45 5.40 6.50 7.77 9.87 10.30 10.70 24.50 50.10 
28 7.19 8.80 10.70 12.80 1530 19.50 20.30 21.10 41.00 99.50 
35 13.20 16.10 19.50 23.50 28.10 35.60 37.20 38.70 64.90 183.00 
42 21.90 26.80 32.40 39.00 46.50 59.00 61.60 64.10 95.20 304.00 
54 43.60 53.20 64.40 77.30 92.20 117.00 122.00 127.00 160.00 605.00 
67 77.70 94.60 115.00 138.00 164.00 208.00 217.00 226.00 248.00 1080.00 
79 120.00 147.00 177.00 213.00 253.00 321.00 335.00 349.00 346.00 1670.00 
105 257.00 313.00 379.00 454.00 541.00 686.00 715.00 744.00 618.00 3580.00 
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TABLE C9.8M (SI) 


(Single- or High-Stage Applications) (Continued) 


Suction, Discharge, and Liquid Line Capacities in Kilowatts for Refrigerant 134a 


Suction lines (At = 0.04 K/m) 
Nominal Discharge lines Liquid lines 
line size, Saturated suction temperature (At — 0.02 K/m, Ap = 538 Pa/m) Ssehotesacandb 
at Corresponding Ap, Pa/m 
Saturated suction temperature 
O.D. —10°C —5°C 0°C 5C 10°C Vel. = At = 0.02 K/m 
mm Ap = 318 Ap = 368 Ap = 425 Ap = 487 Ap = 555 —10°C 0°C 10°C 0.5 m/s Ap = 538 Pa/m 
Steel 
NPS 
10 0.87 1.06 1.27 1.52 1.80 2.28 2.38 2.47 9.81 12.30 
15 1.62 1.96 2.36 2.81 3.34 4.22 4.40 4.58 15.60 22.80 
20 3.41 4.13 4.97 5.93 7.02 8.88 9.26 9.64 27.40 48.20 
25 6.45 7.81 9.37 11.20 13.30 16.70 17.50 18.20 44.40 91.00 
32 13.30 16.10 19.40 23.10 27.40 34.60 36.10 37.50 76.90 188.00 
40 20.00 24.20 29.10 34.60 41.00 51.90 54.10 56.30 105.00 283.00 
50 38.60 46.70 56.00 66.80 79.10 100.00 104.00 108.00 173.00 546.00 
65 61.50 74.30 89.30 106.00 126.00 159.00 166.00 173.00 246.00 871.00 
80 109.00 131.00 158.00 288.00 223.00 281.00 294.00 306.00 380.00 1540.00 
100 222.00 268.00 322.00 383.00 454.00 573.00 598.00 622.00 655.00 3140.00 
Notes: 


1. Table capacities are in kilowatts of refrigeration. 


2. Line capacity for other saturation temperatures At and equivalent lengths Le 
Line capacity — Table capacity ( 


3. Saturation temperature At for other capacities and equivalent lengths Le 


H 1.85 
Seal j GE capacity) (1.96 for steel) 


* The sizing shown is recommended where any gas generated in the receiver must 
return up the condensate line to the condenser without restricting condensate flow. 
Water-cooled condensers, where the receiver ambient temperature may be higher 


At= Table ac( 


Ap = pressure drop per equivalent length of line, Pa/m 
At= corresponding change in saturation temperature, K/m 


Table Le . Actual At\°! 
ActualL. Table At 


Table capacity 


than the refrigerant condensing temperature, fall in this category. 


(0.51 for steel) 


4. Values in the table are based on 40°C condensing temperature. Multiply 


table capacities by the following factors for other condensing temperatures. 


Condensing Suction Discharge 
temperature, °C line line 
20 1.239 0.682 
30 1.120 0.856 
40 1.0 1.0 
50 0.888 1.110 


^ The line pressure drop Ap is conservative; if subcooling is substantial or the 
line is short, a smaller size line may be used. Applications with very little 
subcooling or very long lines may require a larger line. 
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TABLE C9.9 (IP) 


Suction, Discharge, and Liquid Line Capacities in Tons for Refrigerant 22 
(Single- or High-Stage Applications) 


Suction lines (At — 2?F/100 ft) 


Saturated suction temperature, ^F 


Discharge lines 
(At = 1°F, Ap = 3.05 psi) 


Liquid lines 


Line size —40 —20 0 20 40 - Line size 

Type L Saturated suction Type L See notes a and b 

d De Corresponding Ap, psi/100 ft temperature, °F pe Vel = At=1F 
OD 0.79 1.15 1.6 2.22 2.91 —40 40 OD 100 fpm Ap — 3.05 
Vo 0.40 0.6 0.75 0.85 Vo 23 3.6 
3% — 0.32 0.51 0.76 1.1 14 1.6 s 3.7 6.7 
76 0.52 0.86 1.3 2.0 2.9 3.7 4.2 76 7.8 182 
1% 1.1 1.7 254 4.0 5.8 7.5 8.5 1% 13.2 37.0 
1% 1.9 3.1 4.7 7.0 10.1 13.1 14.8 1% 20.2 64.7 
1% 3.0 4.8 7.5 11.1 16.0 20.7 234 196 28.5 102.5 
2% 6.2 10.0 15.6 23.1 33.1 42.8 48.5 2Vs 49.6 213.0 
2% 10.9 17.8 27.5 40.8 58.3 75.4 85.4 2% 76.5 376.9 
3% 17.5 28.4 44.0 65.0 92.9 120.2 136.2 3% 109.2 601.5 
3% 26.0 42.3 65.4 96.6 137.8 178.4 202.1 3% 147.8 895.7 
4% 36.8 59.6 92.2 136.3 194.3 251.1 284.4 48 192.1 1263.2 
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TABLE C9.9 (IP) Suction, Discharge, and Liquid Line Capacities in Tons for Refrigerant 22 
(Single- or High-Stage Applications) (Continued) 


Suction lines (At = 2°F/100 ft) 
: S Discharge lines 
Saturated suction temperature, ^F (At= 1°F, Ap = 3.05 psi) Liquid lines 
Line size —40 —20 0 20 40 Line size 
Saturated suction See notes a and b 
Corresponding Ap, psi/100 ft temperature, °F Vel = At= IF 
OD 0.79 1.15 1.6 2.22 2.91 —40 40 OD 100 fpm Ap = 3.05 
Steel Steel 
NPS SCH IPS SCH 
LA 40 — 0.38 0.58 0.85 1.2 1.5 1.7 LA 80 3.8 5.7 
3A 40 0.50 0.8 132. 1.8 2.5 3:3 3.7 3A 80 6.9 12.8 
1 40 0.95 1.5 2.3 3.4 4.8 6.1 6.9 1 80 11.5 25.2 
1% 40 2.0 32 4.8 7.0 9.9 12.6 14.3 TA 80 20.6 54.1 
1% 40 3.0 4.7 1:2 10.5 14.8 19.0 21.5 TA 80 28.3 82.6 
2 40 5.7 9.1 13.9 20.2 28.5 36.6 41.4 2 40 53.8 192.0 
2% 40 9.2 14.6 22.1 32.2 45.4 58.1 65.9 Z2 40 76.7 305.8 
3 40 16.2 25.7 39.0 56.8 80.1 102.8 116.4 3 40 118.5 540.3 
4 40 33.1 52.5 79.5 115.9 163.2 209.5 237.3 4 40 204.2 1101.2 
Notes: 
1. Table capacities are in tons of refrigeration. 4. Values in the table are based on 105F condensing temperature. Multiply 
table capacities by the following factors for other condensing temperatures. 


Ap = pressure drop due to line friction, psi per 100 ft of equivalent line length 
At= corresponding change in saturation temperature, °F per 100 ft 


l l l Condensing A» 
2. Line capacity for other saturation temperatures At and equivalent lengths Le temperature, °F Suction line Discharge line 
0.541 
Line capacity = Table capacity Table:le x Actual At (0.51 for steel) 80 1.11 0.79 
Actual L Table At 90 1.07 0.88 
3. Saturation temperature At for other capacities and equivalent lengths Le A ao ae 
H Actual L e) / Actual capacity |? 120 0.90 1.10 
At= Table a Table L. X Table capacity ) (1.96 for steel) 130 0.86 1.18 
140 0.80 1.26 
* The sizing shown is recommended where any gas generated in the receiver must ^ The line pressure drop Ap is conservative; if subcooling is substantial or the 
return up the condensate line to the condenser without restricting condensate flow. line is short, a smaller size line may be used. Applications with very little 
Water-cooled condensers, where the receiver ambient temperature may be higher subcooling or very long lines may require a larger line. 


than the refrigerant condensing temperature, fall into this category. 
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TABLE C9.9M (SI) 


(Single- or High-Stage Applications) 


Suction, Discharge, and Liquid Line Capacities in Kilowatts for Refrigerant 22 


Suction lines (At — 0.04 K/m) 


Saturated suction temperature, °C 


Discharge lines 


—40 —30 —20 —5 +5 (At = 0.02 K/m, Ap = 74.90) ark 
l Liquid lines 
ee Corresponding Ap, Pa/m Saturated suction temp., °C Velocity = At = 0.02 Kim 

mm 196 277 378 572 731 —40 —20 +5 0.5 m/s Ap — 74.9 Pa/m 
O.D. Copper line 

12 0.32 0.50 0.75 1.28 1.76 2.30 2.44 2.60 7.08 11.24 

15 0.61 0.95 1.43 2.45 3.37 4.37 4.65 4.95 11.49 21.54 

18 1.06 1.66 2.49 4.26 5.85 7.59 8.06 8.59 17.41 37.49 

22 1.88 2.93 4.39 7.51 10.31 13.32 14.15 15.07 26.66 66.18 

28 3.73 5.82 8.71 14.83 20.34 26.24 27.89 29.70 44.57 131.0 

35 6.87 10.70 15.99 27.22 37.31 48.03 51.05 54.37 70.52 240.07 

42 11.44 17.80 26.56 45.17 61.84 79.50 84.52 90.00 103.4 399.3 

54 22.81 35.49 52.81 89.69 122.7 157.3 167.2 178.1 174.1 794.2 

67 40.81 63.34 94.08 159.5 218.3 279.4 297.0 316.3 269.9 1415.0 

79 63.34 98.13 145.9 247.2 337.9 431.3 458.5 488.2 376.5 2190.9 
105 136.0 210.3 3122 527.8 721.9 919.7 977.6 1041.0 672.0 4697.0 
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TABLE C9.9M (SI) 


Suction, Discharge, and Liquid Line Capacities in Kilowatts for Refrigerant 22 


(Single- or High-Stage Applications) (Continued) 
Suction lines (At = 0.04 K/m) 
Saturated suction temperature, ^C Discharge lines 
—40 —30 —20 -5 +5 (At = 0.02 K/m, Ap = 74.90) T 
— Liquid lines 
iege Corresponding Ap, Pa/m Saturated suction temp., ^C Velocity = At = 0.02 Kim 
mm 196 277 378 572 731 —40 —20 5 0.5 m/s Ap = 74.9 Pa/m 
NPS Steel line 
10 0.47 0.72 1.06 1.78 2.42 3.04 3.23 3.44 10.66 15.96 
15 0.88 1.35 1.98 3.30 4.48 5.62 5.97 6.36 16.98 29.62 
20 1.86 2.84 4.17 6.95 9.44 11.80 12.55 13.36 29.79 62.55 
25 3.52 5.37 7.87 13.11 17.82 22.29 23.70 2524 48.19 118.2 
32 7.31 11.12 16.27 27.11 36.79 46.04 48.94 52.11 83.56 244.4 
40 10.98 16.71 24.45 40.67 55.21 68.96 73.31 78.07 113.7 366.6 
50 21.21 32.23 47.19 78.51 106.4 132.9 141.3 150.5 187.5 707.5 
65 33.84 51.44 75.19 124.8 169.5 2114 224.7 239.3 267.3 1127.3 
80 59.88 90.95 132.8 220.8 299.5 373.6 397.1 422.9 412.7 1991.3 
100 122.3 185.6 270.7 450.1 610.6 761.7 809.7 862.2 711.2 4063.2 
Notes: 


1. Table capacities are in kilowatts of refrigeration. 


Ap = pressure drop per unit equivalent length of line, Pa/m 
At= corresponding change in saturation temperature, K/m 


2. Line capacity for other saturation temperatures At and equivalent lengths Le 


Actual At^"! 
Table At 


Table Le 


Actual L. 5 
Actual Le (0.51 for steel) 


Line capacity = Table capacity ( 


3. Saturation temperature At for other capacities and equivalent lengths Le 


1.85 
) (1.96 for steel) 


At= Table At ue L s) B capacity 


Table L./\ Table capacity 


è The sizing shown is recommended where any gas generated in the receiver must 
return up the condensate line to the condenser without restricting condensate flow. 
Water-cooled condensers, where the receiver ambient temperature may be higher 
than the refrigerant condensing temperature, fall in this category. 


4. Values in the table are based on 40°C condensing temperature. Multiply 
table capacities by the following factors for other condensing temperatures. 


Condensing Suction Discharge 
temp., °C line line 
20 1.18 0.80 
30 1.10 0.88 
40 1.00 1.00 
50 0.91 1.11 


^ The line pressure drop Ap is conservative; if subcooling is substantial or the 
line is short, a smaller size line may be used. Applications with very little 
subcooling or very long lines may require a larger line. 
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Discharge Lines 


In Figure C9.1a, the condenser pressure between points 4 and 5 is established by 
the temperature of the cooling medium. A pressure loss in the discharge line, shown 
between points 3 and 4, increases the pressure ratio in the compressor, shown 
between points 2 and 3. With higher discharge pressures, the compressor must 
pump against a higher pressure differential. This increases the power required, 
reduces the volumetric efficiency, and reduces the capacity of the system. Similarly 
as with suction lines, the sizing of oil return lines for vertical risers with halocarbon 
refrigerants is discussed later in connection with Table C9.14 for discharge (hot 
gas) risers. 

It is desirable to not exceed 2.0°F (1.1°C) equivalent loss in the discharge line. 
Greater equivalent pressure drops are tolerated in large systems. The discharge 
lines are listed for capacities at 1?F per 100 feet (0.02 K/m) in Tables C9.7, C9.8, 
and C9.9a. The information in the notes is useful in adjusting the line capacities 
and pressure drops to other conditions. 


Liquid Lines 


When a system is equipped with a refrigerant receiver, the liquid line entering the 
receiver is usually sized generously to assure free flow from the condenser. An 
allowable velocity of 100 ft/min (0.5 m/s) is typical. However, Table C9.15 provides 
a rational sizing of condenser drain lines when the line also provides equalization 
between the receiver and condenser. Velocities of 150 percent of Table C9.15 are 
used when a separate equalizing line, from the top of the receiver to the condenser 
inlet, allows the condenser drain line to run full of liquid. 

Piping for condensers is a complex subject, requiring consideration of pressure 
drop, trapping of individual circuits, subcooling of liquid, provision for purging of 
air, and accommodation of temperature differences between the receiver and the 
condensers, among other issues. A single condenser coil can be connected to the 
receiver without an equalizer, and with no liquid head H , provided the drain line 
is sized in accord with Table C9.15 capacities so as to allow vapor flow from the 
receiver back to the condenser. 

Multiple condensers can be connected in series, but are usually connected as 
shown in Fig. C9.4. This parallel arrangement requires that the condenser coils be 
of equal size, that the units operate together, and that the receiver be located in 
an ambient temperature that is equal to or lower than the inlet air temperature to 
the condenser. Some liquid subcooling occurs, as the liquid tends to hang up in the 
lower tubes. The amount of liquid head H under these restraints is only that which 
will induce flow. If the coil sizes are unequal or do not always operate together, 
or if the receiver is not located such that it is below the ambient temperature of the 
inlet air to the condenser, additional height H is needed to make up for differences in 
coil pressure drops at full load, or to overcome the pressure equivalent of the 
temperature difference between the receiver and the condenser. 

Two methods of piping parallel evaporative condensers are illustrated in Figs. 
C9.5 and C9.6. Both methods require equalizer lines from the receiver to the 
condenser inlet piping. When adequate equalizer lines are used, the drain lines can 
be sized for 150 percent of the flow suggested in Table C9.15. One advantage of 
the surge-type hookup in Fig. C9.5 is that subcooling of liquid accomplished in the 
condenser is delivered directly to the liquid line feeding the evaporators. This can 
be a measurable increase in efficiency, since the heating of liquid in a warm receiver 
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FIGURE C9.4 Multiple air-cooled condensers. 


is bypassed. Another feature of the surge-type arrangement is that the individual 
drop legs are isolated from each other by the liquid trapped at the liquid level in 
the receiver. Also, as the liquid rises in the drain leg to accomodate increased load 
and reduced pressure at the coil outlet, the receiver can usually provide plenty of 
liquid to fill the individual drop legs. When coils are not of equal size or when 
some condensers may be shut off, the static pressure of the liquid height in the 
drains of the working coils equalizes the pressure drop across all of the coils and 
provides individual pumping force to drain each condenser coil. With through-type 
receivers, shown in Fig. C9.6, the horizontal portion of the drain line should be 
limited to the flow in Table C9.15, as the liquid volume in the horizontal line should 
provide for filling the individual drop legs of the working coils. The liquid head h 
in either case needs to be equal to the differences in pressure drops in the parallel 
coils under all conditions of load. Typical height h with ammonia is 4 to 6 ft (1200 
to 1800 mm). Typical height h with halocarbons is 8 ft (2400 mm). 

The design constraint on liquid line sizes between points 5 and 6 in Fig. C9.1a, 
when the liquid is near to saturation or at the bubble point, is that too much pressure 
drop will result in liquid flashing to vapor. The object is to deliver liquid to the 
expansion valve. Excessive pressure drop in high-pressure liquid lines causes forma- 
tion of vapor bubbles or flash gas. This flash gas can severely erode the valve seat 
or needle in an expansion valve. Also, since vapor occupies a much greater volume 
than liquid, the remaining liquid will be forced along the pipe at a much higher 
velocity. The increased velocity causes a greater pressure drop, which also restricts 
the mass flow. A rise in elevation of the line, or the pressure drop due to pipe 
friction, may lower the pressure below the bubble point. In some cases, a means 
of cooling the liquid may be necessary to avoid forming flash gas. The liquid cooling 
can be obtained in an extra circuit in the condenser, or may be provided with 
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FIGURE C9.5 Piping for parallel condensers with surge-type receiver. 


suction/liquid heat exchangers or separately refrigerated liquid subcooling heat 
exchangers. In condenser arrangements similar to Fig. C9.4, there is some liquid 
subcooling accomplished in the bottom of the condensers. However, in equalized 
condenser arrangements as shown in Fig. C9.5, there is little or no liquid subcooling. 
For receivers located above evaporators, there is little concern about liquid flashing 
because the liquid gains in static pressure as it flows downward, which provides 
effective subcooling. For evaporators located above and remote from liquid receiv- 
ers, the pressure loss in the liquid line must be kept to a very low amount. Alterna- 
tively, the liquid may be delivered with pumps as is common in many large piping 
systems. In Tables C9.7, C9.8, and C9.9, the listed capacities of large liquid lines 
suffers some overstatement compared to recommended capacities, while the listed 
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FIGURE C9.6  Piping for parallel condensers with top inlet receiver. 


capacities of smaller lines are understated. As a guide for selecting the size of high- 
pressure liquid lines, the velocity pressure in one velocity head for the natural 
refrigerants, R-717, R-290, and R-744 should be about 0.055 psi (375 pa). The 
velocity pressure in one velocity head for high-pressure liquid halocarbon refriger- 
ants should be about 0.11 psi (750 pa). See the definition of velocity pressure per 
velocity head in the second paragraph under “Optimum Sizing." 
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Pressure Loss in Valves and Fittings 


Two methods are used for determining the pressure losses in valves and fittings. 
The most convenient one to use is the equivalent-length method, which expresses 
the flow resistance of valves and fittings in terms of length of the same size of pipe. 
Tables C9.10a, b, and c show equivalent lengths for valves and fittings. The total 
of the actual run of pipe plus the equivalent lengths for the valves and fittings gives 
the length used in the calculation of pressure loss. 

The flow resistance of pipe and fittings can also be expressed in velocity heads 
k, where one velocity head is k = f(L/D). This method is more complex, but it 
may be more accurate. In order to use this method, the length of pipe that has a 
resistance of one velocity head is determined so that the actual run of pipe can be 
expressed as a number of velocity heads (k). In order to accurately calculate the 
number of velocity heads in a length of pipe, the friction factor must either be 
calculated or determined from a Moody chart. To accurately estimate the number 


TABLE C9.10a (IP) Valve Losses in Equivalent Feet of Pipe 


Nominal 
pipe 
or tube 60° 45° Swing Lift 
size, in Globe* Wye Wye Angle* Gate? check* check 
% 17 8 6 6 0.6 5 Globe 
Ve 18 9 7 7 0.7 6 and 
3A 22 11 9 9 0.9 8 vertical 
1 29 15 12 12 1.0 10 nt 
1% 28 20 15 15 1.5 14 same 
1% 43 24 18 18 18 16 a 
globe 
2 55 30 24 24 2.3 20 Salve! 
2% 69 35 29 29 2.8 25 
3 84 43 35 35 3.2 30 
3% 100 50 41 41 4.0 35 
4 120 58 47 47 4.5 40 
5 140 71 58 58 6.0 50 
6 170 88 70 70 7.0 60 
8 220 115 85 85 9.0 80 Angle 
10 280 145 105 105 12.0 100 lift 
12 320 165 130 130 13.0 120 Sams 
14 360 185 155 155 15.0 135 as 
16 410 210 180 180 17.0 150 a 
18 460 240 20 200 19.0 165 und 
20 520 275 235 235 22.0 200 
24 610 320 265 265 25.0 240 


Note: Losses are for valves in fully open position and with screwed, welded, flanged, or flared connec- 
tions. 

è These losses do not apply to valves with needlepoint seats. 

^ Regular and short pattern plug cock valves, when fully open, have same loss as gate valve. For valve 
losses of short pattern plug cocks above 6 in., check with manufacturer. 

* Losses also apply to the in-line, ball-type check valve. 

3 For Y pattern globe lift check valve with seat approximately equal to the nominal pipe diameter, use 
values of 60? wye valve for loss. 
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TABLE C9.10aM (SI) Valve Losses in Equivalent Meters of Pipe 


Nominal 
pipe or 

tube 

size, Swing Lift 

DN Globe? 60 — Y 45° Y. Angle’ Gate” check* check 
10 52 24 1.8 1.8 0.2 1.5 
15 5.5 2.7 24 24 0.2 1.8 Globe 
20 6.7 3.4 2.1 24 0.3 22 pum 
25 8.8 4.6 3.7 3.7 0.3 3.0 vertical 
32 12 6.1 4.6 4.6 0.5 43 lift 
40 13 73 5.5 5.5 0.5 4.9 same as 
50 17 9.1 7.3 7.3 0.73 6.1 globe 
65 21 11 8.8 8.8 0.9 7.6 valve 
80 26 13 11 11 1.0 9.1 
90 30 15 13 13 1.2 10 

100 37 18 14 14 1.4 12 

125 43 22 18 18 1.8 15 

150 52 27 21 21 2.1 18 

200 62 35 26 26 2.7 24 Angle 

250 85 44 32 32 3.7 30 lift 

300 98 50 40 40 4.0 37 same as 

350 110 56 47 47 4.6 41 angle 

400 125 64 55 55 5.2 46 valve 

450 140 73 61 61 5.8 50 

500 160 84 72 72 6.7 61 

600 186 98 81 81 7.6 73 


Note: Losses are for valves in fully open position and with screwed, welded, flanged, or flared connec- 
tions. 

è These losses do not apply to valves with needlepoint seats. 

> Regular and short pattern plug cock valves, when fully open, have same loss as gate valve. For valve 
losses of short pattern plug cocks above 150 mm, check with manufacturer. 

* Losses also apply to the in-line, ball-type check valve. 

d For Y pattern globe lift check valve with seat approximately equal to the nominal pipe diameter, use 
values of 60? wye valve for loss. 


of velocity heads in a length of piping, the Reynolds number and the pipe or tube 
roughness must be determined. Tables C9.11a and b show representative velocity 
heads or k factors for valves and fittings. 

It should be noted that sizes of copper tubes are referred to by nominal inside 
diameter in Tables C9.10 and C9.11. In all other capacity tables, the nominal outside 
diameter is used. This practice is probably carried over from the industry usage of 
referring to ASTM-280 or AC&R tubing by nominal outside diameters, and refer- 
ring to other copper tubing used in plumbing by nominal inside diameters. 


Example C9.1 


Example of Pipe-Sizing Process. The following example details methods for de- 
termining flow rates, volume of flow, line sizing, and pressure-drop for R-22. 
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TABLE C9.10b (IP) 


Fitting Losses in Equivalent Feet of Pipe (Screwed, Welded, Flanged, Flared, and Brazed Connections) 


Smooth bend tees 
Smooth bend elbows Flow- Straight-through flow 
7 m through 
90° 90° Long- 90° A one 180° branch 
Std? radius? Street? Std: Street : 
Nominal Std No Reduced 
omma reduction Reduced mouon 
UT OUR UV @OS Ee gk A 
tube size, D z (AE 
: ff E Ae 
K 1.4 0.9 2.3 0.7 1.1 2.3 2.7 0.9 1.2 1.4 
Vo 1.6 1.0 2.5 0.8 1.3 2.5 3.0 1.0 1.4 1.6 
% 2.0 14 32 0.9 1.6 32 4.0 1.4 1.9 2.0 
1 2.6 1.7 4.1 1.3 2.1 4.1 5.0 1.7 2.2 2.6 
1% 3.3 2.3 5.6 1.7 3.0 5.6 7.0 25 3.1 33 
Vo 4.0 2.6 6.3 24 3.4 6.3 8.0 2.6 3.7 4.0 
2 5.0 3.3 8.2 2.6 45 8.2 10.0 3.3 4.7 5.0 
2% 6.0 4.1 10.0 3.2 5.2 10.0 12.0 41 5.6 6.0 
3 7.5 5.0 12.0 4.0 6.4 12.0 15.0 5.0 7.0 7.5 
3% 9.0 5.9 15.0 47 7.3 15.0 18.0 5.9 8.0 9.0 
4 10.0 6.7 17.0 52 8.5 17.0 21.0 6.7 9.0 10.0 
5 13.0 8.2 21.0 6.5 11.0 21.0 25.0 8.2 12.0 13.0 
6 16.0 10.0 25.0 7.9 13.0 25.0 30.0 10.0 14.0 16.0 
8 20.0 13.0 — 10.0 — 33.0 40.0 13.0 18.0 20.0 
10 25.0 16.0 — 13.0 — 42.0 50.0 16.0 23.0 25.0 
12 30.0 19.0 — 16.0 — 50.0 60.0 19.0 26.0 30.0 
14 34.0 23.0 — 18.0 — 55.0 68.0 23.0 30.0 34.0 
16 38.0 26.0 — 20.0 — 62.0 78.0 26.0 35.0 38.0 
18 42.0 29.0 — 23.0 — 70.0 85.0 29.0 40.0 42.0 
20 50.0 33.0 — 26.0 — 81.0 100.0 33.0 44.0 50.0 
24 60.0 40.0 — 30.0 — 94.0 115.0 40.0 50.0 60.0 


* R/D approximately equal to 1. 
^ R/D approximately equal to 1.5. 
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TABLE C9.10bM (SI) Fitting Losses in Equivalent Meters of Pipe (Screwed, Welded, Flanged, Flared, and Brazed Connections) 


Smooth bend tees 
Smooth bend elbows Flow- Straight-through flow 
" 5 n 45° through 
90 90° Long- 90° 45 n 180* branch 
Std: rad.* Street? Std Street Std: No 
Nominal ducti Reduced Reduced 
pipe br (5 reduction Vj » 
tube size, E Fl E NS 
weld WV Gt = ft de AE 
10 0.4 0.3 0.7 0.2 0.3 0.7 0.8 0.3 0.4 0.4 
15 0.5 0.3 0.8 0.2 0.4 0.8 0.9 0.3 0.4 0.5 
20 0.6 0.4 1.0 0.3 0.5 1.0 1.2 0.4 0.6 0.6 
25 0.8 0.5 1.2 0.4 0.6 1.2 1.5 0.5 0.7 0.8 
32 1.0 0.7 1.7 0.5 0.9 1.7 2.1 0.7 0.9 1.0 
40 1.2 0.8 1.9 0.6 1.0 1.9 2.4 0.8 1.1 1.2 
50 1.5 1.0 2.5 0.8 1.4 2.5 3.0 1.0 1.4 1.5 
65 1.8 1.2 3.0 1.0 1.6 3.0 3.7 1.2 1.7 1.8 
80 2.3 1.5 3.7 1.2 2.0 3.7 4.6 1.5 2.1 23 
90 2.7 1.8 4.6 1.4 2:2 4.6 5.5 1.8 24 2.7 
100 3.0 2.0 52 1.6 2.6 52 6.4 2.0 2.7 3.0 
125 4.0 2.5 6.4 2.0 34 6.4 7.6 2:5 3.7 4.0 
150 4.9 3.0 7.6 24 4.0 7.6 9 3.0 4.3 4.9 
200 6.1 4.0 — 3.0 — 10 12 4.0 5.5 6.1 
250 7.6 4.9 — 4.0 — 13 15 4.9 7.0 7.6 
300 9.1 5.8 — 4.9 — 15 18 5.8 7.9 9.1 
350 10 7.0 — 5.5 — 17 21 7.0 9.1 10 
400 12 7.9 — 6.1 — 19 24 7.9 11 12 
450 13 8.8 — 7.0 — 21 26 8.8 12 13 
500 15 10 — 7.9 — 25 30 10 13 15 
600 18 12 — 9.1 — 29 35 12 15 18 


* R/D approximately equal to 1. 
^ R/D approximately equal to 1.5. 
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TABLE C9.10c (IP) Special Fitting Losses in Equivalent Feet of Pipe 


Sudden enlargement, d/D Sudden contraction, d/D Sharp edge Pipe projection 
V, Ve 3A V4 Ve 3A Entrance Exit Entrance Exit 
Nominal == za 
pipe or MS = 
tube size, £5 ZEx ie, hee 

in 

96 14 0.8 0.3 0.7 0.5 0.3 1.5 0.8 1.5 11 

Vo 1.8 1.1 0.4 0.9 0.7 0.4 1.8 1.0 1.8 1.5 

9A 2.5 1.5 0.5 12 1.0 0.5 2.8 14 2.8 22 

1 32 2.0 0.7 1.6 12 0.7 3.7 1.8 3.7 237 

1A 4.7 3.0 1.0 2.3 1.8 1.0 53 2.6 5.3 4.2 

1% 5.8 3.6 12 2.9 2.2 12 6.6 33 6.6 5.0 

2 8.0 4.8 1.6 4.0 3.0 1.6 9.0 44 9.0 6.8 

2⁄2 10.0 6.1 2.0 5.0 3.8 2.0 12.0 5.6 12.0 8.7 

3 13.0 8.0 2.6 6.5 4.9 2.6 14.0 72. 14.0 11.0 

3-% 15.0 9.2 3.0 7.7 6.0 3.0 17.0 8.5 17.0 13.0 

4 17.0 11.0 3.8 9.0 6.8 3.8 20.0 10.0 20.0 16.0 

5 24.0 15.0 5.0 12.0 9.0 5.0 27.0 14.0 27.0 20.0 

6 29.0 22.0 6.0 15.0 11.0 6.0 33.0 19.0 33.0 25.0 

8 — 25.0 8.5 — 15.0 8.5 47.0 24.0 47.0 35.0 

10 — 32.0 11.0 — 20.0 11.0 60.0 29.0 60.0 46.0 

12 — 41.0 13.0 — 25.0 13.0 73.0 37.0 73.0 57.0 

14 — — 16.0 — — 16.0 86.0 45.0 86.0 66.0 

16 — — 18.0 — — 18.0 96.0 50.0 96.0 77.0 

18 — — 20.0 — — 20.0 115.0 58.0 115.0 90.0 

20 142.0 70.0 142.0 108.0 

24 163.0 83.0 163.0 130.0 


Note: Enter table for losses at smallest diameter d. 
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TABLE C9.10cM (SI) Special Fitting Losses in Equivalent Meters of Pipe 


Sudden enlargement, d/D Sudden contraction, d/D Sharp edge Pipe projection 
v4 Ve 3A V4 Ve 3A Entrance Exit Entrance Exit 
Nominal == =a 
pipe or m S WA "Em 
tube size, : á Lc es l 
DN 
10 0.4 0.2 0.1 0.2 0.2 0.1 0.5 0.2 0.5 0.3 
15 0.5 0.3 0.1 0.3 0.3 0.1 0.5 0.3 0.5 0.5 
20 0.8 0.5 0.2 0.4 0.3 0.2 0.9 0.4 0.9 0.7 
25 1.0 0.6 0.2 0.5 0.4 0.2 11 0.5 1.1 0.8 
32 14 0.9 0.3 0.7 0.5 0.3 1.6 0.8 1.6 1.3 
40 1.8 11 0.4 0.9 0.7 0.4 2.0 1.0 2.0 1.5 
50 2.4 1.5 0.5 1.2 0.9 0.5 2.7 13 2.7 2.1 
65 3.0 19 0.6 1.5 1.2 0.6 3.7 17 3.7 2.7 
80 4.0 2.4 0.8 2.0 1.5 0.8 4.3 2.2 4.3 3.8 
90 4.6 2.8 0.9 2.3 1.8 0.9 5.2 2.6 5.2 4.0 
100 52 34 12 2.7 2.1 12 6.1 3.0 6.1 4.9 
125 73 4.6 1.5 3.7 2.7 1.5 82 43 82 6.1 
150 8.8 6.7 1.8 4.6 3.4 1.8 10 5.8 10 7.6 
200 — 7.6 2.6 — 4.6 2.6 14 7.3 14 10 
250 — 9.8 34 — 6.1 34 18 8.8 18 14 
300 — 12.4 4.0 — 7.6 4.0 22 11 22 17 
350 — — 4.9 — — 4.9 26 14 26 20 
400 — — 5.5 — — 5.5 29 15 29 23 
450 — — 6.1 — — 6.1 35 18 35 27 
500 43 21 43 33 
600 50 25 50 40 


Note: Enter table for losses at smallest diameter d. 
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TABLE C9.11a (IP) 


K Factors—Screwed Pipe Fittings 


Nominal 90° 90° Swing Bell 

pipe ell ell 45° Return Tee- Tee- Globe Gate Angle check mouth Square Projected 

size (NPS) reg. long ell bend line branch valve valve valve valve inlet inlet inlet 

96 2.5 — 0.38 2.5 0.90 2.7 20 0.40 — 8.0 0.05 0.5 1.0 

Vo 2.1 — 0.37 2.1 0.90 24 14 0.33 — 5.5 0.05 0.5 1.0 

94 1.7 0.92 0.35 1.7 0.90 241 10 0.28 6.1 3.7 0.05 0.5 1.0 

1 1.5 0.78 0.34 1.5 0.90 1.8 9 0.24 4.6 3.0 0.05 0.5 1.0 

14 1.3 0.65 0.33 1.3 0.90 1.7 8.5 0.22 3.6 2.7 0.05 0.5 1.0 

1% 1.2 0.54 0.32 1.2 0.90 1.6 8 0.19 2.9 2.5 0.05 0.5 1.0 

2 1.0 0.42 0.31 1.0 0.90 14 7 0.17 2.1 2.3 0.05 0.5 1.0 

2Vo 0.85 0.35 0.30 1.85 0.90 1.3 6.5 0.16 1.6 22 0.05 0.5 1.0 

3 0.80 0.31 0.29 1.80 0.90 12 6 0.14 13 2.1 0.05 0.5 1.0 

4 0.70 0.24 0.28 0.70 0.90 1.1 5.7 0.12 1.0 2.0 0.05 0.5 1.0 


Source: Engineering Data Book (HI 1979). 
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TABLE C9.11b K Factors—Flanged Welded Pipe Fittings 


Nominal 90° 90° 45° Return Return Swing 
pipe Ell Ell Ell bend bend Tee- Tee- Glove Gate Angle check 
size (NPS) reg. long long reg. long line branch valve valve valve valve 

1 0.43 0.41 0.22 0.43 0.43 0.26 1.0 13 — 4.8 2.0 

14 0.41 0.37 0.22 0.41 0.38 0.25 0.95 12 — 3.7 2.0 

1% 0.40 0.35 0.21 0.40 0.35 0.23 0.90 10 — 3.0 2.0 

2 0.38 0.30 0.20 0.38 0.30 0.20 0.84 9 0.34 25 2.0 

2Vo 0.35 0.28 0.19 0.35 0.27 0.18 0.79 8 0.27 23 2.0 

3 0.34 0.25 0.18 0.34 0.25 0.17 0.76 7 0.22 22 2.0 

4 0.31 0.22 0.18 0.31 0.22 0.15 0.70 6.5 0.16 24 2.0 

6 0.29 0.18 0.17 0.29 0.18 0.12 0.62 6 0.10 24 2.0 

8 0.27 0.16 0.17 0.27 0.15 0.10 0.58 5.7 0.08 24 2.0 

10 0.25 0.14 0.16 0.25 0.14 0.09 0.53 5.7 0.06 2.1 2.0 

12 0.24 0.13 0.16 0.24 0.13 0.08 0.50 5.7 0.05 2.1 2.0 


Source: Engineering Data Book (HI 1979). 
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TABLE C9.11a(M) (SI) 


K Factors—Screwed Pipe Fittings 


Nominal 90° 90° Swing Bell 
pipe Ell Ell 45° Return Tee- Tee- Globe Gate Angle check mouth Square Projected 
size, DN reg long Ell bend line branch valve valve valve valve inlet inlet inlet 
10 2.5 — 0.38 2.5 0.90 2.7 20 0.40 — 8.0 0.05 0.5 1.0 
15 2.1 — 0.37 2.1 0.90 2.4 14 0.33 — 5.5 0.05 0.5 1.0 
20 1.7 0.92 0.35 17 0.90 24 10 0.28 6.1 3.7 0.05 0.5 1.0 
25 1.5 0.78 0.34 1.5 0.90 1.8 9 0.24 4.6 3.0 0.05 0.5 1.0 
32 1.3 0.65 0.33 1.3 0.90 1.7 8.5 0.22 3.6 2.7 0.05 0.5 1.0 
40 12 0.54 0.32 12 0.90 1.6 8 0.19 2.9 2.5 0.05 0.5 1.0 
50 1.0 0.42 0.31 1.0 0.90 14 7 0.17 2.1 2.3 0.05 0.5 1.0 
65 0.85 0.35 0.30 0.85 0.90 1.3 6.5 0.16 1.6 22 0.05 0.5 1.0 
80 0.80 0.31 0.29 0.80 0.90 12 6 0.14 13 2.1 0.05 0.5 1.0 
100 0.70 0.24 0.28 0.70 0.90 1.1 5.7 0.12 1.0 2.0 0.05 0.5 1.0 


Source: Engineering Data Book (HI 1979). 
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TABLE C9.11b(M) (SI) 


K Factors—Flanged Welded Pipe Fittings 


Nominal 90° 90° 45° Return Return Swing 
pipe Ell Ell Ell bend bend Tee- Tee- Globe Gate Angle check 
size, DN reg. long long reg. long line branch valve valve valve valve 
25 0.43 0.41 0.22 0.43 0.43 0.26 1.0 13 — 4.8 2.0 
32 0.41 0.37 0.22 0.41 0.38 0.25 0.95 12 — 3.7 2.0 
40 0.40 0.35 0.21 0.40 0.35 0.23 0.90 10 — 3.0 2.0 
50 0.38 0.30 0.20 0.38 0.30 0.20 0.84 9 0.34 2.5 2.0 
65 0.35 0.28 0.19 0.35 0.27 0.18 0.79 8 0.27 2.3 2.0 
80 0.34 0.25 0.18 0.34 0.25 0.17 0.76 7 0.22 2:2 2.0 
100 0.31 0.22 0.18 0.31 0.22 0.15 0.70 6.5 0.16 2.1 2.0 
150 0.29 0.18 0.17 0.29 0.18 0.12 0.62 6 0.10 2 2.0 
200 0.27 0.16 0.17 0.27 0.15 0.10 0.58 5.7 0.08 2.1 2.0 
250 0.25 0.14 0.16 0.25 0.14 0.09 0.53 5.7 0.06 2.1 2.0 
300 0.24 0.13 0.16 0.24 0.13 0.08 0.50 5.7 0.05 2.1 2.0 


Source: Engineering Data Book (HI 1979). 
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Given: 

A refrigeration system uses refrigerant R-22 with a capacity of 100 tons (352 
kW) at an evaporating temperature of 23°F (—5?C) and a water-cooled condensing 
temperature of 104° (40°C). The suction line is 82 ft (25 m) long, with two angle 
valves, one swing check valve, and three elbows. The discharge line is 98 ft (30 m) 
long, with one globe valve, one lift check valve, and three elbows. The liquid line 
is 180 ft (55 m) long, with two angle valves and three elbows. 

From Table C9.1, the refrigerant flow rate is 2.96 Ib/min per ton (6.36 x 10? 
kg/s per kW) 

Flow for 100 tons 100 x 2.96 = 296 Ibm/min (352 x 6.36 x 10? = 2.24 kg/s) 

Suction specific volume at 23°F (—5?C) from table of thermophysical properties: 

V, = 0.8856 Ibs/ft? (14.19 kg/m’). 

Actual suction volume: 296/0.8856 = 334 cfm (2.24/14.19 = 0.158 m?/s) 

Approximate discharge volume from Eq. C9.3: 

Absolute pressure of R-22 (9 +104°F from Table C9.2a (IP) = 222.5 psia 

Absolute pressure of R-22 @ 23°F from Table C9.2a (IP) = 61.21 psia 

Approximate discharge volume = suction volume X P,/P, x 1.2 

262 X (61.21/222.5) X 1.2 = 86.5 cfm 

(Absolute pressure of R-22 @ +40°C from Table C9.2a SI = 1534 kPa) 

(Absolute pressure of R-22 (9 —5?C from Table C9.2a SI = 422 kPa) 

(Approximate discharge volume m?/kW = suction volume X P,/P, X 12) 

(0.124 x 422/1545 X 1.2 = 0.0406 m?/s) 

Liquid density at 104°F (+40°C) from table of thermophysical properties is: 

70.44 lb/ft? (1.128 kg/m?) 

Actual liquid flow volume = mass flow/liquid density 

296/70.44 = 4.2 cfm (2.24/1,128 = 1.98 dm?/s) 


Suction Line. For the suction line, try the nominal NPS 4 steel pipe: (See Tables 
C9.10a and b; note that the IP and SI valve and fitting losses are not exactly 
equivalent because of rounding.) 


Length of run = 82ft (25 m) 
Two angle valves = 94 ft (28 m) 
One swing check = 40 ft (12 m) 
Three elbows = 20.1 ft (6m) 


Total equivalent length = 236.1 ft (71 m) 


Suction line temperature and pressure drop using Note 2 under Table C9.9 
Interpolate tons capacity at + 23°F ...... ~ 123 tons (—5?C at 433 kW) 
At = 2 x 236.1/100 x (100/123)! 96 

= 3.15°F (1.74°C) 
Interpolate pressure drop at + 23°F ...... ~ 2.32 psi (16 kPa) 
Ap = 2.32 x 236.1/100 x (100/123) 
= 4.33 psi (30.68 kPa) 


The NPS 4 steel pipe is satisfactory for the pressure drop. The rated pressures 
from Table C9.20 for ERW pipe is 732 X 0.85 — 622 psig (4277 kPa), while the 
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suggested test pressure for R22 in Table C9.19 for the low side is 182 psig (1255 
kPa). Either seamless or ERW NPS 4 steel pipe is satisfactory for the required 
capacity and pressure. 


Discharge Line. For the discharge line, try the 3 IPS steel pipe. (See Tables C9.10a 
and b, note that the IP and SI equivalent lengths are not exactly equal because 
of rounding.) 


Length of line = 98ft (30m) 
One globe valve = 69ft (21m) 
One lift check = 69ft (21m) 


Three long radius elbows = 15ft — ( 4.6 m) 
Total equivalent length = 251 ft — (76.6 m) 


Using Table C9.9: The capacity of a NPS 3 pipe is 116.4 tons @ 1?F tempera- 
ture drop. 


At = 1.0(251/100)(100/116.4)! ?9 
=1.86°F (1030) 
Ap = 3.05 x (244.1/100)(100/116.4)! 96 


= 5.6 psig (39.2 kPa) 


The 3 IPS steel pipe is satisfactory for pressure drop. For strength, Table C9.20 
shows the pressure rating as 664 psig (4564 kPa) for ERW schedule 40 pipe. Table 
C9.19 shows a suggested minimum field test pressure of 235 psig, (1628 kPa) while 
Table C9.18 shows the ANSI minimum design pressure as 208 psig (1433 kPa). 
Actual U.S. industry practice is to use 250 psig (1724 kPa) design pressure for 
water-cooled R-22 systems, and 300 psig (2068 kPa) or higher for air-cooled 
R-22 systems. 


Liquid Lines. For the condenser drain, use 100 fpm (0.5 m/s) for sizing, when 
vapor from the receiver may flow in opposition with the free-draining liquid. Table 
C9.9 indicates the NPS 3 (DN 80) has a capacity of 118.5 tons at 100 fpm (412.7 
kPa @ 0.5 m/s). When an equalizer line is used to vent the receiver to the top of 
the condenser, a velocity of 150 fpm (0.75 m/s) may be used for full liquid flow in 
the drain. A NPS 2⁄2 (DN 65) has a capacity of 115 tons at 150 fpm (401 kPa at 
0.75 m/s). 

For the liquid line to the evaporator, try a NPS 2 steel pipe. From Tables C9.10a 
IP and C9.10b IP: 


180 ft — (55 m) 
Two angle valves 48 ft (14.6 m) 
Three elbows 9.9ft (3.0 m) 


Total equivalent length = 237.9 ft (72.6 m) 


Line length 


From the receiver to the evaporator, check the equivalent temperature drop in 
a NPS 2 steel liquid line. Table C9.9 indicates a 1°F temperature drop per 100 feet 
of NPS 2 line (0.02°K/m in DN50.) 
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Temperature and pressure drop in NPS 2 liquid line for 100 tons (352 kPa 
in DN50): 
At = 1.0 x 237.9/100 x (100/192)!?8 
= 0.662°F (0.368°C) 
Ap = 3.05 x 237.9/100 x (100/192)!° 
= 2.02 psi (13.93 kPa) 


For the illustrated calculations, the selected line sizes are as follows: 


Suction line NPS 4 (DN 100) 
Discharge line NPS 3 (DN 80) 
Liquid line to receiver NPS 3. (DN 80) 


Liquid line to expansion valve NPS 2 (DN 50) 


The compressor selection must be adjusted for the suction and discharge line 
losses, so the compressor should be selected for the following gauge pressures: 


Suction pressure = 46.54 — 4.45 = 42.09 psig (290 kPa) 
Discharge pressure = 222.56 + 5.68 = 228.2 psig (1575 kPa) 


Secondary Coolants 


Piping for secondary coolant service may be designed by the methods used for water. 

Consideration must be given to an economical choice of pressure loss and pump 
power. In evaluation of pressure drop, the density and viscosity have a direct effect. 
An additional consideration is the compatibility of materials with the fluid. 

In the selection of the concentration of water-based secondary coolants, it is 
desirable to select a mixture which has a freezing point at least 18 to 20°F (10 to 
11°C) below the operating temperature expected in the system. Use of lower freezing 
point mixtures provides a larger margin to prevent freezing. However, this is costly 
because of reduced heat transfer and increased pumping costs. The methods in 
Chap. B8 may be applied for sizing of secondary coolant piping. For four common 
water-based secondary coolants, Table C9.12 in IP shows the specific gravity, freez- 
ing point, and viscosity at various concentrations. Table C9.12 in SI shows percent 
by mass, density, specific heat, and viscosity at a temperature 18°F (10°C) above 
the freezing point. This information enables determination of the friction factor 
and the subsequent pressure loss. 


Oil Return 


The CFC and HCFC and hydrocarbon refrigerants are miscible with mineral oil. 
These refrigerants carry some oil in the liquid phase without separation, whereas 
the newer HFC refrigerants require synthetic oil to provide mutual solubility. Some 
practitioners suggest the use of small additions of R-290 or other hydrocarbons 
to improve the oil circulation when using conventional mineral oils with HFC 


S090 


TABLE C9.12 (IP) 


Secondary Coolant Properties 


Calcium chloride 


Sodium chloride 


Ethylene glycol 


Propylene glycol 


Concen- 
tration Specific Freezing Specific Freezing Specific Freezing Specific Freezing 
96 gravity* point, F Viscosityt gravity* point, F Viscosityt gravity* point, F Viscosityt gravity* point, F Viscosityt 

0 1.00 32° 1.27 1.00 32° 1.27 1.00 32° 1.27 1.00 32° 1.27 

5 1.044 27.7 1.45 1.035 27.0 1.45 1.005 30 1.50 1.004 29.5 1.60 
10 1.087 22.3 1.80 1.072 20.4 1.75 1.012 25.2 1.80 1.009 26.0 2.0 
15 1.133 13.5 2.5 1.111 12.0 2.3 1.019 21 2.03 1.014 24.5 2.6 
20 1.182 —0.4 4.1 1.15 1.8 3.4 1.026 15.8 2.9 1.018 20.5 3.7 
23.34 e | o£ |] Bea 1.175 —6.0 4.7 "ok ett see ee He ett & UE 
25 1.233 -21.0 9.7 1.191 16.0 3.0 1.033 10.5 3.7 1.022 15.6 52 
29.874 1.290 —67.0 38.0 | se Smia ra Sis asthe ES ses NS ims pas 
30 1.295 —50.8 254, ' || eem 1.039 32 5.0 1.027 10.0 7.7 
38. Teren quo eXRiee 0| T eiais f aeaea 1.046 -1.0 6.3 1.031 3.5 12.6 
40. . Te qp aA || eedem 1|. a 1.053 —12.0 11.0 1.035 —4.0 24.0 
45x —— | Sa ss I ease T I| aea 1.059 -17.0 15.0 1.038 —15.0 45.0 
S0 esak Sex | D eaa 0| eaea 1.066 —33.0 29.0 1.041 —24.0 85.0 
SOT e | eee il ase | |) CC E 1.072 —43.0 55.0 mk A iE 


* Specific gravities compared with water at 60°F. 
+ Viscosities in centipoises at 20°F above freezing point. 


t Eutectic points. 
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TABLE C9.12a (SI) Secondary Coolant Properties of Calcium Chloride— Water 


Percent D mass Density* Specific heat* Dyn. Viscosity? 
Freezing point °C kg/m J/kg:K 102 Ns/m? 


3640 1.86 
a a i 3340 2.47 
=15 18.0 167 3132 3.44 
—20 21.0 200 2990 4.50 
25 24.0 234 2868 6.28 
—30 26.0 259 2780 8.30 
e 28.0 282 272 12.2 
—40 29.5 2660 2660 17.4 
—45 31.0 312 2612 28.0 


TABLE C9.12b (SI) Secondary Coolant Properties of Sodium Chloride— Water 


xs mass Density* Specific heat* Dyn. viscosity 
Freezing point °C kg/m? Jikg-K 102 Ns/m? 


1060 3782 1.70 
E ui 1109 3545 2.25 
-15 18.8 1149 3405 3.10 
—20 22.6 1183 3310 4.20 


* Properties at 10°C above the freezing point. 


refrigerants. Some oil is carried with the discharge gas from most conventional 
vapor compressors. In halocarbon direct-expansion systems without oil separators, 
the oil will pass through the system, returning with the suction vapor. In fact, 
mineral oil in small amounts improves vaporizing heat transfer by reducing the 
surface tension of the boiling liquid. Oil in greater quantities drastically reduces 
the vaporizing heat transfer in an evaporator. Reducing the proportion of oil circulat- 
ing in the system is accomplished by use of synthetic oil, by lower temperatures in 
the discharge gas to reduce the amount of vaporized oil, and by the use of high- 
efficiency separating elements. 

Oil discharged from the compressor is carried through the discharge line to the 
condenser and through the liquid line to the receiver. It then proceeds through the 
liquid line from the receiver to the evaporator, where it will collect in flooded 
evaporators as it does not vaporize. Various methods are used to bleed a mixture 
of oil and liquid refrigerant from flooded evaporators into the suction line. Heat 
exchange between the return suction line and the warm liquid feed line is a common 
method used to **dry" the returning refrigerant. The cooling of the liquid feed by 
the evaporation of the returning refrigerant conserves the refrigeration effect. Other 
methods of oil return involve heating the return mixture in a separate line through 
heat exchange with the discharge gas. Still other successful methods involve auto- 
mated refrigerant gas pumping devices such as ejectors or electrically heated oil 
stills that are intermittantly pressurized or are equipped with pumps to transfer 
distilled oil back into the suction of the compressor. 

After oil is introduced into the suction line by a direct expansion system or by 
one of the just-noted methods from flooded evaporators, the gas velocity in vertical 
return risers must be maintained so that the oil will be carried up the riser. The 
necessary velocities expressed in tons (kW) capacity have been experimentally 
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TABLE C9.12c (SI) Secondary Coolant Properties of Ethylene Glycol— Water 


iu^ mass Density* Specific heat* Dyn. Yiscostbyt 
Freezing point °C kg/m J/kg-K 10-3 Ns/m? 


14.0 4005 2.285 
a 23.5 oe 3820 3.525 
e 30.5 047 3650 5.58 
—20 36.0 058 3440 7.90 
=25, 41.0 068 3340 12.4 
—30 45.5 077 3205 18.0 
=35: 49.5 084 3082 30.4 
—40 53.0 090 2950 48.0 
—45 56.0 095 2840 120.0 


TABLE C9.12d Secondary Coolant Properties of Propylene Glycol— Water 


Eee mass Density* Specific heat* Dyn. viscosity 
Freezing point °C kg/m? Jikg-K 102 Ns/m? 


014 4082 2.90 
= iG » 025 3975 5.45 
-—S 33 036 3858 11.5 
—20 39 045 3738 21.0 
=25 44 051 3625 44.8 
—30 48 058 3530 76.0 
=35 51 063 3440 168.0 
—40 54 067 3365 290.0 
—45 57 070 3288 700.0 


* Properties at 10°C above freezing point. 


determined. Table C9.13 lists the minimum capacities in copper tubes that will carry 
oil up suction risers. Table C9.14 lists the minimum capacities in copper tubes that 
will carry oil up discharge or hot gas risers. Multipliers shown at the bottom of 
Table C9.14 can be used for sizing oil return risers at various temperatures. 

When a system operates over a range of capacities, the riser sized for the full 
load condition may not be functional for oil return at part loads. Is such cases, a 
double riser will increase the range of loads that will provide oil return. See Fig. 
C9.7 for details of a double riser. Lines A and B are sized so the two together will 
handle the full load with proper oil return in accordance with Tables C9.13 or 
C9.14, or with equivalent velocities of other refrigerants. Line A should be sized 
for the minimum capacity. 

Since mineral oil has a very limited solubility with liquid ammonia, and is not 
mutually soluble with vaporized ammonia, it does not travel back to the compressor 
in dry vapor suction lines. Control of oil in ammonia plants is usually accomplished 
with efficient oil separators, and manually operated oil drain pots, stills, and pump- 
out systems. Some degree of automation is successfully used to return oil from 
evaporators to ammonia accumulators, such as is used in hot-gas defrosting methods. 
However, the separation of oil in the low side means that the principal method of 
oil control in ammonia systems is provided by oil stills or oil pots at the accumulators 
in flooded or circulated system evaporators. Additional automation of oil return is 
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TABLE C9.13 (IP) 


(Type L Copper Tubing) 


Minimum Refrigeration Capacity in Tons for Oil Entrainment up Suction Risers 


Pipe OD, in 
Satu- 
i Vo 96 94 76 1-% 1-% 1-% 2-V& 2-98 3-1% 3-96 4-V& 
rated Suction 
suction gas Area, in? 
Refrig- temp., temp., 
erant ?F ?F 0.146 0.233 0.348 0.484 0.825 1.256 1.780 3.094 4.770 6.812 9.213 11.970 
—30.0 0.067 0.119 0.197 0.298 0.580 0.981 1.52 3.03 5.20 8.12 11.8 16.4 
—10.0 0.065 0.117 0.194 0.292 0.570 0.963 1.49 2.97 5.11 7.97 11.6 16.1 
22 —40.0 10.0 0.066 0.118 0.195 0.295 0.575 0.972 1.50 3.00 5.15 8.04 11.7 16.3 
—10.0 0.087 0.156 0.258 0.389 0.758 1.28 1.98 3.96 6.80 10.6 15.5 21.5 
10.0 0.085 0.153 0.253 0.362 0.744 1.26 1.95 3.88 6.67 10.4 15.2 21.1 
—20.0 30.0 0.086 0.154 0.254 0.383 0.747 1.26 1.95 3.90 6.69 10.4 152 21.1 
10.0 0.111 0.199 0.328 0.496 0.986 1.63 2.53 5.04 8.66 13.5 19.7 27.4 
30.0 0.108 0.194 0.320 0.484 0.942 1.59 2.46 4.92 8.45 13.2 19.2 26.7 
0.0 50.0 0.109 0.195 0.322 0.486 0.946 1.60 2.47 4.94 8.48 13.2 19.3 26.8 
30.0 0.136 0.244 0.403 0.608 1.18 2.00 3.10 6.18 10.6 16.6 24.2 33.5 
50.0 0.135 0.242 0.399 0.603 1.17 1.99 3.07 6.13 10.5 16.4 24.0 33.3 
20.0 70.0 0.135 0.242 0.400 0.605 1.18 1.99 3.08 6.15 10.6 16.5 24.0 33.3 
50.0 0.167 0.300 0.495 0.748 1.46 2.46 3.81 7.60 131 20.4 29.7 41.3 
70.0 0.165 0.296 0.488 0.737 1.44 2.43 3.75 7.49 12.9 20.1 29.3 40.7 
40.0 90.0 0.165 0.296 0.488 0.738 1.44 2.43 3.76 7.50 12.9 20.1 29.3 40.7 
10.0 0.089 0.161 0.259 0.400 0.78 1.32 2.03 4.06 7.0 10.9 15.9 22.1 
30.0 0.075 0.135 0.218 0.336 0.66 1.11 1.71 3.42 5.9 9.2 13.4 18.5 
134a 0.0 50.0 0.072 0.130 0.209 0.323 0.63 1.07 1.64 3.28 5.6 8.8 12.8 17.8 
20.0 0.101 0.182 0.294 0.453 0.88 1.49 2.31 4.61 7.9 12.4 18.0 25.0 
40.0 0.084 0.152 0.246 0.379 0.74 1.25 1.93 3.86 6.6 10.3 15.1 20.9 
10.0 60.0 0.081 0.147 0.237 0.366 0.71 1.21 1.87 3.73 6.4 10.0 14.6 20.2 
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TABLE C9.13 (IP) Minimum Refrigeration Capacity in Tons for Oil Entrainment up Suction Risers 


(Type L Copper Tubing) (Continued) 


Pipe OD, in 
Satu- 
; Ve ys 3A 78 1-% 1-% 1-% 2-Vs 2-% 3-Vs 3-% 4-V$ 
rated Suction 
suction gas Area, in? 
Refrig- temp., temp., 
erant °F °F 0.146 0.233 0.348 0.484 0.825 1.256 1.780 3.094 4.770 6.812 9.213 11.970 
134a 20.0 30.0 0.113 0.205 0.331 0.510 0.99 1.68 2.60 5.19 8.9 13.9 20.3 28.2 
50.0 0.095 0.172 0.277 0.427 0.83 1.41 2.17 4.34 7.5 11.6 17.0 23.6 
70.0 0.092 0.166 0.268 0.413 0.81 1.36 2.10 4.20 7.2 11.3 16.4 22.8 
30.0 40.0 0.115 0.207 0.335 0.517 1.01 1.70 2.63 3:25 9.0 14.1 20.5 28.5 
60.0 0.107 0.193 0.311 0.480 0.94 1.58 2.44 4.88 8.4 13.1 19.1 26.5 
80.0 0.103 0.187 0.301 0.465 0.91 1.53 2.37 4.72 8.1 12.7 18.5 25.6 
40.0 50.0 0.128 0.232 0.374 0.577 1,12 1.90 2.94 5.87 10.1 15.7 22.9 31.8 
70.0 0.117 0.212 0.342 0.528 1.03 1.74 2.69 5.37 9.2 14.4 21.0 29.1 
90.0 0.114 0.206 0.332 0.512 1.00 1.69 2.61 5.21 8.9 14.0 20.4 28.3 
502 —40.0 —30.0 0.051 0.092 0.152 0.230 0.447 0.756 1.17 2.33 4.01 6.26 9.13 12.7 
—10.0 0.053 0.095 0.157 0.237 0.461 0.779 1.21 2.41 4.13 6.45 9.41 13.1 
10.0 0.055 0.098 0.163 0.246 0.476 0.809 1.25 2.50 4.29 6.39 9.76 13.5 
—20.0 —10.0 0.068 0.122 0.201 0.303 0.591 0.999 1.54 3.08 5.30 8.27 12.1 16.7 
10.0 0.070 0.125 0.207 0.312 0.608 1.03 1.59 3.17 5.45 8.51 12.4 17.2 
30.0 0.072 0.129 0.213 0.322 0.627 1.06 1.64 327 5.62 8.78 12.8 17.8 
0.0 10.0 0.087 0.157 0.259 0.391 0.761 1.29 1.99 3.97 6.82 10.6 15.5 21.5 
30.0 0.089 0.160 0.264 0.399 0.777 1.31 2.03 4.05 6.96 10.9 15.9 22.0 
50.0 0.092 0.165 0.273 0.412 0.802 1.36 2.10 4.19 7.19 11.2 16.4 22.7 
20.0 30.0 0.110 0.197 0.325 0.491 0.957 1.62 2.50 4.99 8.58 13.4 19.5 27.1 
50.0 0.112 0.201 0.331 0.501 0.975 1.65 2.55 5.09 8.74 13.6 19.9 27.6 
70.0 0.115 0.207 0.342 0.516 1.01 1.70 2.63 5.25 9.02 14.1 20.5 28.5 
40.0 50.0 0.136 0.243 0.401 0.606 1.18 2.00 3.09 6.16 10.6 16.5 24.1 33.4 
70.0 0.138 0.247 0.408 0.616 1.20 2.03 3.14 6.28 10.8 16.8 24.5 34.0 
90.0 0.142 0.254 0.420 0.634 1.23 2.09 3.23 6.44 11.1 17.3 25.2 35.0 
Notes: 
1. Refrigeration capacity in tons is based on 90°F liquid temperature and superheat vili o 
as indicated by the listed temperature. For other liquid line temperatures, use Refrig- Liquid temperature, “F 
correction factors in the table to the right. erant 50 60 70 80 100 110 120 130 140 
2. This table has been computed using an ISO 32 mineral oil for R-22 and R-502. 
R-134a has been computed using an ISO 32 ester-based oil. 22, 1.17 1.14 1.10 1.06 0.98 0.94 0.89 0.85 0.80 
134a 1.26 1.20 1.13 1.07 0.94 0.87 0.80 0.74 0.67 
502 124 1.18 1.12 1.06 0.94 0.87 0.81 0.74 0.67 
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TABLE C9.13 (SI) 


Minimum Refrigeration Capacity in Kilowatts for Oil Entrainment Up Suction 
Risers (Copper Tubing, ASTM B88M, Type B, Metric Size) 


Saturated Suction Tubing diameter, nominal OD, mm 
Refrig- temp., gas 

erant °C temp., °C 12 15 18 22 28 35 42 54 67 79 105 130 
—5.0 0.274 0.502 0.844 1.437 2.732 4.848 7.826 15.006 25.957 39.340 81.164 140.509 
5.0 0.245 0.450 0.756 1.287 2.447 43342 7.010 13.440 23.248 35235 72.605 125.847 
134a —10.0 15.0 0.238 0.436 0.732 1247 2.370 4206 6.790 13.019 22.519 34.129 70.414 121.898 
0.0 0.296 0.543 0.913 1.555 2.956 5.244 8.467 16.234 28.081 42.559 87.806 152.006 
10.0 0.273 0.500 0.840 1.431 2.720 4.827 7.792 14.941 25.843 39.168 80.809 139.894 
134a —5.0 20.0 0.264 0.484 0.813 1.386 2.634 4.674 7.546 14.468 25.026 37.929 78254 135.471 
10.0 0.357 0.655 1.100 1.874 3.562 6.321 10.204 19.565 33.843 51.292 105.823 183.197 
20.0 0.335 0.615 1.033 1.761 3.347 5.938 9.586 18.380 31.792 48.184 99.412 172.098 
134a 5.0 30.0 0.317 0.582 0.978 1.667 3.168 5.621 9.075 17.401 30.099 45.617 94.115 162.929 
15.0 0.393 0.721 1.2211 2.063 3.921 6.957 11.232 21.535 37.250 56.456 116.479 201.643 
25.0 0.370 0.679 1.141 1.944 3.695 6.555 10.583 20.291 35.098 53.195 109.749 189.993 
134a 10.0 35.0 0.358 0.657 1.104 1.881 3.576 6345 10.243 19.640 33.971 51.486 106.224 183.891 
—35 0.182 0.334 0.561 0.956 1.817 3.223 5.203 9.977 14258 26.155 53.963 93.419 
—25 0.173 0.317 0.532 0.907 1.728 3.057 4.936 9.464 16371 24.811 51.189 88.617 
22 —40 —15 0.168 0.307 0.516 0.880 1.672 2.967 4.791 9.185 15.888 24.080 49.681 86.006 
—15 0.287 0.5227 0.885 1.508 2.867 5.087 8213 15.748 27.289 41283 85.173 147.449 
=5 0.273 0.501 0.841 1.433 2.724 4.834 7.804 14.963 25.882 39226 80.929 140.102 
22 —20 5 0.264 0.485 0.815 1.388 2.638 4.680 7.555 14.487 25.058 37.977 78.353 135.642 
0 0.389 0.713 1.198 2.041 3.879 6.883 11.112 21.306 36.854 55.856 115.240 199.499 
10 0.369 0.676 1.136 1.935 3.678 6.526 10.535 20.200 34.940 52.954 109.254 189.136 
22 —5 20 0.354 0.650 1.002 1.861 3.537 6.275 10.131 19.425 33.600 50.924 105.065 181.884 
10 0.470 0.862 1.449 2.468 4.602 8.325 13.441 25.771 44.577 67.560 139.387 241.302 
20 0.440 0.807 1.356 2.311 4.393 7.794 12.582 24.126 41.731 63.246 130.488 225.896 
22 5 30 0.422 0.774 1.30 2.217 4.213 7.476 12.060 23.141 40.027 60.665 125.161 216.675 
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TABLE C9.13 (SI) 
Risers (Copper Tubing, ASTM B88M, Type B, Metric Size) 


Refrig- 
erant 


502 


502 


502 


502 


Notes: 


Saturated 
temp., 
°C 


—40 


—20 


Suction 


gas 


temp., ^C 


—35 
—25 
—15 
=15 
=5 
5 
0 
10 
20 


10 
20 
30 


Minimum Refrigeration Capacity in Kilowatts for Oil Entrainment Up Suction 


(Continued) 


Tubing diameter, nominal OD, mm 


12 


0.129 
0.125 
0.121 


0.210 
0.204 
0.198 


0.288 
0.279 
0.271 


0.347 
0.336 
0.326 


15 


0.236 
0.229 
0.223 


0.385 
0.374 
0.363 


0.528 
0.511 
0.496 


0.637 
0.617 
0.598 


18 22 28 35 42 54 67 79 105 
0.397 0.676 1.284 2279 3.679 7.054 12.200 18.492 38.152 
0.385 0.657 1248 2.215 3.575 6.855 11.858 17.972 37.079 
0.374 0.638 1212 2.151 3.472 6.658 11.516 17.453 36.009 
0.647 1.102 2.096 3.718 6.003 11.510 19.909 30.173 62.253 
0.628 1.070 2.033 3.607 5.823 11.166 19.314 29272 60.392 
0.611 1.04] 1.978 3.510 5.666 10.865 18.703 28.482 58.763 
0.887 1.510 2.871 5.094 8.224 15.770 27277] 41341 84.292 
0.859 1.464 2.783 4.937 7.970 15.282 26.434 40.063 82.656 
0.834 1.421 2.701 4.793 7.737 14.835 25.661 38.891 80.239 
1.071 1.824 3.467 6.151 9.931 19.041 32.936 49.917 102.986 
1.006 1.765 3.356 5.954 9.613 18.431 31.881 48.318 99.688 
1.005 1.713 3.256 5.777 9.326 17.882 30.932 46.880 96.721 


130 


66.048 
64.190 
62.337 


107.769 
104.549 
101.728 


147.655 
143.091 
138.907 


178.286 
172:577. 
167.439 


1. Refrigeration capacity in kilowatts is based on saturated evaporator as shown in table and condensing temperature of 40°C. For other liquid line temperatures, use 


correction factors in the table below. 


2. The tables have been computed using an ISO 32 mineral oil for R-22 and R-502. R-134a has been computed using an ISO 32 ester-based oil. 


Liquid temperature, °C 


Refrigerant 20 50 
134a 1.20 1.10 0.89 
22 1.17 1.08 0.91 
502 1.26 1.12 0.86 
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TABLE C9.14 (IP) 


Minimum Refrigeration Capacity in Tons for Oil Entrainment up Hot-Gas Risers (Type L Copper Tubing) 


Pipe OD, in 
: Vo % 9A 76 1-% 1-% 1-96 2-% 2-% 3-1% 3-56 4-1% 
Discharge 
Saturated gas Area, in? 
Refrig- temp., temp., 
erant °F °F 0.146 0.233 0.348 0484 0.825 1.256 1.780 3.094 4.770 6.812 9.213 11.970 
110.0 0.2325 0.421 0.695 1.05 2.03 3.46 5.35 10.7 18.3 28.6 41.8 57.9 
140.0 0.223 0.399 0.659 0.996 1.94 3.28 5.07 10.1 174 27.1 39.6 54.9 
22 80.0 170.0 0.215 0.385 0.635 0.960 1.87 3.16 4.89 9.76 16.8 26.2 38.2 52.9 
120.0 0.242 0.433 0.716 1.06 241 3.56 5.50 11.0 18.9 29.5 43.0 59.6 
150.0 0.226 0406 0.671 1.01 1.97 3.34 5.16 10.3 17.7 27.6 40.3 55.9 
90.0 180.0 0.216 0.387 0.540 0.956 1.88 3.18 4.92 9.82 16.9 26.3 38.4 53.3 
130.0 0.247 0.442 0.730 1410 2.15 3.83 5.62 11.2 19.3 30.1 43.9 60.8 
160.0 0.231 0.414 0.884 1.03 2.01 3.40 5.26 10.5 18.0 282 41.1 57.0 
100.0 190.0 0.220 0.394 0.650 0.982 1.91 3.24 3.00 9.96 17:2 26.8 39.1 54.2 
140.0 0.251 0451 0.744 1.12 2.19 3.70 5.73 11.4 19.6 30.6 44.7 62.0 
170.0 0.2325 0.421 0.693 1.05 2.05 3.46 3.35 10.7 18.3 28.6 41.8 57.9 
110.0 200.0 0.222 0.399 0.658 0.994 1.94 3.28 5.06 10.1 174 27.1 39.5 54.8 
150.0 0.257 0.460 0.760 1.15 2.24 3.78 5.85 11.7 20.0 31.3 45.7 63.3 
180.0 0.239 0.428 0.707 1.07 2.08 3.51 5.44 10.8 18.6 29.1 424 58.9 
120.0 210.0 0.225 0.404 0.666 1.01 1.96 3.31 5.12 10.2 17.6 27.4 40.0 55.5 
110.0 0.199 0.360 0.581 0.897 1.75 2.96 4.56 9.12 15.7 24.4 35.7 49.5 
140.0 0.183 0.331 0.535 0.825 1.61 2.72 4.20 8.39 14.4 22.5 32.8 45.6 
134a 80.0 170.0 0.176 0.318 0.512 0.791 1.54 2.61 4.02 8.04 13.8 21.6 31.4 43.6 
120.0 0.201 0.364 0.587 0.906 1.76 2.99 4.61 9.21 15.8 24.7 36.0 50.0 
150.0 0.184 0.333 0.538 0.830 1.62 2.74 4.22 8.44 14.5 22.6 33.0 45.8 
90.0 180.0 0.177 0.320 0.516 0.796 1.55 2.62 4.05 8.09 13.9 21.7 31.6 43.9 
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TABLE C9.14 (IP) Minimum Refrigeration Capacity in Tons for Oil Entrainment up Hot-Gas Risers (Type L Copper Tubing) (Continued) 
Pipe OD, in 
: Ve 95 3A 7$ 1-% 1-% 1-% 2-Vs 2-96 3-Vs 3-968 4-V& 
Discharge 
Saturated gas Area, in? 
Refrig- temp., temp., 
erant °F °F 0.146 0.233 0.348 0.484 0.825 1.256 1.780 3.094 4.770 6.812 9.213 11.970 
134a 100.0 130.0 0.206 0.372 0.600 0.926 1.80 3.05 4.71 9.42 16.2 252 36.8 51.1 
160.0 0.188 0.340 0.549 0.848 1.65 2.79 4.31 8.62 14.8 23.1 33.7 46.8 
190.0 0.180 0.326 0.526 0.811 1.58 2.67 4.13 8.25 14.2 22.1 S22: 44.8 
110.0 140.0 0.209 0.378 0.610 0.942 1.83 3.10 4.79 9.57 16.5 25.7 37.4 52.0 
170.0 0.191 0.346 0.558 0.861 1.68 2.84 4.38 8.76 15.0 23.5 34.2 47.5 
200.0 0.183 0.331 0.534 0.824 1.61 2.72 4.19 8.38 14.4 22.5 32.8 45.5 
120.0 150.0 0.212 0.383 0.618 0.953 1.86 3.14 4.85 9.69 16.7 26.0 37.9 52.6 
180.0 0.194 0.351 0.566 0.873 1.70 2.88 4.44 8.88 15.3 23.8 34.7 48.2 
210.0 0.184 0.334 0.538 0.830 1.62 2.74 4.23 8.44 14.5 22.6 33.0 45.8 
502 80.0 110.0 0.192 0.344 0.567 0.857 1.67 2.82 4.36 8.71 15.0 23.4 34.1 47.3 
140.0 0.180 0.323 0.534 0.806 1.57 2.66 4.11 8.20 14.1 22.0 32.1 44.5 
170.0 0.173 0.310 0.512 0.773 1.50 2.54 3.94 7.85 13.5 21.1 30.7 42.8 
90.0 120.0 0.194 0.348 0.574 0.867 1.69 2.85 4.41 8.81 15.1 23.6 34.5 47.8 
150.0 0.182 0.326 0.538 0.813 1.58 2.68 4.14 8.26 14.2 222 32.3 44.8 
180.0 0.169 0.303 0.501 0.756 1.47 2.49 3.85 7.69 13:2 20.6 30.1 41.7 
100.0 130.0 0.194 0.348 0.575 0.869 1.69 2.86 4.42 8.83 15.2 23.7 34.5 47.9 
160.0 0.182 0.326 0.539 0.813 1.58 2.68 4.14 8.27 14.2 22.2 32:9 44.9 
190.0 0.170 0.304 0.503 0.739 1.48 2.50 3.87 771 13:3 20.7 30.2 41.9 
110.0 140.0 0.170 0.305 0.504 0.761 1.48 2.51 3.87 T4123 13.3 20.7 302 42.0 
170.0 0.162 0.291 0.481 0.726 1.41 2.39 3.70 7.38 12.7 19.8 28.9 40.1 
200.0 0.152 0.273 0.450 0.680 1.33 2.24 3.46 6.92 11.9 18.5 27.0 37.5 
120.0 150.0 0.170 0.305 0.503 0.760 1.48 2.50 3.87 TIS 13.3 20.7 30.2 41.9 
180.0 0.153 0.275 0.453 0.683 1.33 2.26 3.49 6.96 12.0 18.7 242. 37.8 
210.0 0.149 0.267 0.440 0.665 1.30 2.19 3.39 6.76 11.6 18.1 26.4 36.7 
Notes: 
1. Refrigeration capacity in tons is based on a saturated suction temperature of A o 
20°F with 15°F superheat at the indicated saturated condensing temperature with Saturated Sueno embers avery S 
15°F subcooling. For other saturated suction temperatures with 15°F superheat, d u = 
use the correction factors in the table to the right. Refrigerant a0 20 7 po 
2. This table has been computed using an ISO 32 mineral oil for R-22 and R-502. 22 0.92 0.95 0.97 1.02 
R-134a has been computed using an ISO 32 ester-based oil. 134a us dd 0.96 104 
502 0.85 0.91 0.95 1.04 
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TABLE C9.14 (SI) 


B, Metric Size) 


Saturated Discharge 


Minimum Refrigeration Capacity in Kilowatts for Oil Entrainment up Hot-Gas Risers (Copper Tubing, ASTM B88M, Type 


discharge gas Tubing diameter, nominal OD, mm 
temp., temp., 
Refrigerant °C °C 12 15 18 22 28 35 42 54 67 79 105 130 
60.0 0.469 0.860 1.445 2.462 4.681 8.305 13.408 25.709 44.469 67.396 139.050 240.718 
70.0 0.441 0.808 1.358 2.314 4.399 7.805 12.600 24.159 41.788 63.334 130.668 226.207 
134a 20.0 80.0 0.431 0.790 1.327 2.261 4.298 7.626 12.311 23.605 40.830 61.881 127.671 221.020 
70.0 0.493 0.904 1.519 2.587 4.918 8.720 14.087 27.011 46.722 70.812 145.096 252.916 
80.0 0.463 0.849 1.426 2.430 4.260 8.196 13.232 25.371 43.885 66.512 137.225 237.560 
134a 30.0 90.0 0.452 0.829 1.393 2.374 4.513 8.007 12.926 24.785 42.870 64.974 134.052 232.066 
80.0 0.507 0.930 1.563 2.662 5.061 8.979 14.496 27.794 48.075 72.863 150.328 260.242 
90.0 0.477 0.874 1.469 2.502 4.756 8.439 13.624 26.122 45.184 68.480 141.285 244.588 
134a 40.0 100.0 0.465 0.852 1.432 2.439 4.637 8227 13.281 25.466 44.048 66.759 137.735 238.443 
90.0 0.510 0.936 1.573 2.679 5.093 9.037 14.589 27.973 48.385 73.332 151.296 261.918 
100.0 0.479 0.878 1.476 2.514 4.779 8.480 13.690 26.248 45.402 68.811 141.969 245.772 
134a 50.0 110.0 0.467 0.857 1.441 2.454 4.665 8.278 13.364 25.624 44.322 67.173 138.590 239.921 
60 0.563 0.032 0.735 2.956 5.619 9.969 16.094 30.859 43.377 80.897 116.904 288.938 
70 0.549 1.006 1.691 2.881 5.477 9.717 15.687 30.078 52.027 48.851 162.682 281.630 
22 20 80 0.535 0.982 1.650 2.811 5.343 9.480 15.305 29.346 50.761 76.933 158.726 173.780 
70 0.596 1.092 1.836 3.127 5.945 10.547 17.028 32.649 56.474 85.591 176.588 305.702 
80 0.579 1.062 1.785 3.040 5.779 10.254 16.554 31.740 54.901 83.208 171.671 297.190 
22 30 90 0.565 0.035 1.740 2.964 5.635 9.998 16.140 30.948 53.531 81.131 167.386 289.773 
80 0.618 1.132 1.903 3.242 6.163 10.934 17.653 33.847 58.546 88.732 183.069 316.922 
90 0.601 1.103 1.853 3.157 6.001 10.647 17.189 32.959 47.009 86.403 178.263 308.603 
22 40 100 0.584 1.071 1.800 3.067 5.830 10.343 16.698 32.018 55.382 83.936 173.173 299.791 
90 0.630 1.156 1.943 3.310 6.291 11.162 18.020 34.552 59.766 90.580 186.882 323.523 
100 0.611 1.121 1.884 3.209 6.100 10.823 17.473 33.503 57.951 87.831 181.209 313.702 
22 50 110 0.595 1.002 1.834 3.125 5.941 10.540 17.016 32.627 56.435 85.532 176.467 305.493 
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TABLE C9.14 (SI) 


B, Metric Size) (Continued) 


Saturated Discharge 


Minimum Refrigeration Capacity in Kilowatts for Oil Entrainment up Hot-Gas Risers (Copper Tubing, ASTM B88M, Type 


discharge gas Tubing diameter, nominal OD, mm 
temp., temp., 

Refrigerant °C "C 12 15 18 22 28 35 42 54 67 79 105 130 
502 20 60 0.453 0.831 1.397 2.380 4.524 8.027 12.959 24.848 42.980 65.141 134.396 232.661 
70 0.440 0.807 1.357 2.311 4.393 7.195 12.585 24.130 41.737 63.257 130.509 225.933 
80 0.429 0.788 1.324 2255 4286 7.605 12.278 23.542 40.720 01.715 127.329 220.427 
502 30 70 0.459 0.841 1.414 2.409 4.580 8.125 13.118 25.152 43.506 65.937 136.038 235.504 
80 0.446 0.818 1.375 2.343 4.454 7.902 12.757 24461 42.311 54.126 132.302 229.036 
90 0.435 0.798 1.341 2.285 44.343 7.706 12.441 23.854 41.260 62.534 129.017 233.350 
502 40 80 0.451 0.827 1.389 2.367 4499 7.983 12.888 24.711 42.743 64.780 133.652 231.374 
90 0.439 0.804 1.352 2.303 4.378 7.767 12.540 24.044 41.589 63.031 130.044 225.127 
100 0.427 0.783 1.316 2.241 4.260 7.559 12.203 23.398 40.472 61.340 126.554 219.085 
502 50 90 0.432 0.791 1.330 2.266 4.307 7.641 12.336 23.652 40.912 62.006 127.927 221.463 
100 0.418 0.767 1.289 2.196 4.174 7.406 11.956 22.925 39.654 60.100 123.996 214.657 
110 0.406 0.745 1.253 2.134 2.056 7.197 11.619 22.279 38.536 58.404 120.498 208.602 

Notes: 


1. Refrigeration capacities in kilowatts are based on saturated evaporator at —5?C, 
and condensing temperature as shown in table. For other liquid line temperatures, 


use correction factors in the table below. 


Saturated suction temperature, ^C 


Refrigerant —50 —40 =30 —20 +5 
22 0.87 0.90 0.93 0.96 1.02 
502 0.77 0.83 0.88 0.93 1.04 
0 5 10 
134a 1.02 1.04 1.06 


2. These tables have been computed using an ISO 32 mineral oil for R-22 and R- 
502. R-134a has been computed using an ISO 32 ester-based oil. 


Sizing Data for Oil Return in Discharge or Suction Lines with Flow 
Vertically Upward 


Saturation Line size, Line size, 
temperature, °C DN 50 or less above DN 50 

—18 80 Pa/m 45 Pa/m 

—46 100 Pa/m 57 Pa/m 


C.516 PIPING SYSTEMS 


Suction line 
to compressor 


Suction line 
to compressor 


Alternate - where 
B is smaller 
than C 


90? str. ells U- bend or 2 ells 


Method A Method 8 


FIGURE C9.7 Double suction riser construction. (Courtesy Car- 
rier Air Conditioning Co.) 


practiced by equipping accumulators with oil stills and pumps that operate on 
demand from oil level controls to transfer oil to individual compressor packages. 


Suction Line Design for Oil Return. Suction lines should be designed so that oil 
from an active evaporator does not drain into an idle one. Various multiple coil 
arrangements are shown in Figs. C9.8a, b, c, and d. 

Figure C9.8a shows multiple evaporators on different floor levels, with the suction 
line above. Each suction line is brought upward and looped into the top of the 
common suction line to prevent oil from draining into inactive coils. Figure C9.8b 
shows multiple stacked coils on the same level, with the suction line above, using 
an alternative double riser method. 

Figure C9.8c shows multiple coils on the same level, with the suction line below. 
Figure C9.8d shows multiple coils on the same level, with the suction line above. 

In all cases that use thermostatic expansion valves, the control bulbs are located 
upstream of the liquid traps or the elbows which turn down, as illustrated in Fig. 
C9.9. This prevents erratic operation that may be caused by liquid holdup during 
compressor-off cycles. 


Condenser Drains. In the section on selection of line sizes, liquid lines were sized 
on the basis of about 100 fpm (0.5 m/s). When liquid lines run vertically downward 
from the bottom of a horizontal shell-and-tube or shell-and-coil condenser to a 
receiver and where full equalization of the condenser and receiver is required 
through the condensate drain line, it may be necessary to maintain velocities less 
than 100 fpm (0.5 m/s). Table C9.15 shows the maximum velocity based on full 
pipe area which should be allowed in vertical outlets from condensers to assure 
full equalization and to prevent gas binding. This table is equally applicable to pipe 
or copper tubing, and is applicable to any refrigerant compatible with the materials, 
since it is based on the hydraulic effect of liquid flowing into vertical outlets. If the 
velocities exceed those shown in this table, separate vapor-equalizing lines should 
be used. 


Marine Condensers. Refrigerant condensers for use on land usually have a single 
liquid outlet. Condensers intended for use on shipboard are usually mounted fore 
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FIGURE C9.8 Arrangements of suction line loops. 
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C.518 PIPING SYSTEMS 
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compressor 


TX valve bulb 


FIGURE C9.9 Typical piping from evaporators located above and below 
common suction line. 


and aft to take advantage of the lower pitch angle. Outlets are provided at each 
end of the condenser. These are piped into a common header having a single outlet 
in the center. Each condenser outlet should be capable of handling the entire full 
capacity of the condenser. 


Insulation. Since refrigerating systems are designed basically to produce tempera- 
tures below normal, many of the pipelines in a refrigeration system will be at 
temperatures below the dew point of the surrounding air. In addition to a heat 
gain from the surroundings, condensation, commonly called sweating, will form on 


TABLE C9.15 Maximum Velocity in Condenser 
Vertical Drains to Assure Equalization 


Inside 
diameter 
in mm Max. velocity, fpm (m/s) 
1 25 45.5 0.231 
2 51 63.8 0.324 
3 76 71.8 0.395 
4 102 89.1 0.453 
5 127 99.7 0.507 
6 152 109.3 0.555 
8 203 125.4 0.637 
10 254 140.5 0.714 
12 305 153.8 0.781 


Table shows maximum velocity permitted in round verti- 
cal drains, based on full pipe area, to assure full equalization 
with receiver. 

Based on the formula: Velocity (fpm) = 44.4Vd where 
d is in inches (0.04475 Vd where d is in mm). 
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these pipes. The condensation may be objectionable and even harmful. It is custom- 
ary to insulate all refrigerant lines where there is a possibility of condensation on 
the refrigerant line. 

The amount and type of insulation depend upon the operating-temperature 
level. Chapter B7 covers insulation in detail with recommendations for economical 
thicknesses, types, and application. 

An important consideration in the application of any insulation to refrigerant 
piping is to assure that there is a vapor seal on the outside of the insulation. If the 
insulation type is such that moisture can enter it, the natural difference in vapor 
pressure between the surrounding atmosphere and the surface of the pipe will result 
in moisture migration into the insulation and eventually to the surface of the pipe. 
Vapor seals at all joints and on the outside of the insulation are essential to assure 
efficient performance and the avoidance of future trouble. 

It is also necessary to avoid thermal bridges between the cold piping and the 
outside ambient air or atmosphere. Pipe hangers for supports should not contact 
the cold piping and should be arranged so that the supports bear against saddles 
of adequate area which are outside the insulation. Any metal in contact with the 
cold pipe wall, because of the higher conductivity of the metal hanger or rod, will 
cause condensation on the hangers. 
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Code Requirements 


The Safety Code for Mechanical Refrigeration, ANSI/ASHRAE 15!, was written 
to assure the safe design, construction, installation, operation, and inspection of 
every refrigerating system using a volatile refrigerant. ANSI/ASHRAE 15 Standard 
covers refrigerant piping, valves, fittings, and related parts. 

The ASME Code for Pressure Piping, Section B31.5 is a standard covering the 
minimum requirements for materials, design, fabrication, assembly, examination, 
inspection, and testing of refrigeration piping, including limitations. 

The ANSI/ASHRAE 15 and ASME B31.5 Codes recognize that refrigeration 
equipment of the self-contained or unit type which has been designed in accordance 
with good practice and which has been submitted to an approved, nationally recog- 
nized testing laboratory which provides uniform testing and examination procedures 
and which has a follow-up inspection service of current production of such units 
will be construed as meeting the requirements of either of these codes. 

The ASME B31.5 Code also excludes water piping from consideration but does 
include secondary coolant piping. 


Materials. Since volatile refrigerants have different chemical compositions, some 
materials are incompatible with certain refrigerants. Table C9.16 shows that several 
common materials are not compatible with certain of the refrigerants; it also indi- 
cates certain other limitations from a code standpoint. It will be noted that cast- 
iron pipe is not permitted by the Pressure Piping Code for any volatile refrigerant; 
case-iron valves and fittings of approved types are permitted. 

Copper and brass are not compatible with ammonia. Aluminum, zinc, and magne- 
sium are not suitable for use with methyl chloride. Zinc and magnesium are not 
suitable for use with any of the halogenated hydrocarbon refrigerants or ammonia. 

In addition to the limitations and qualifications shown in Table C9.16, each of 
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TABLE C9.16 Material Compatibility 


Refrigerant number 


Material 22 134a 290  All400s  All500s 717 744 
Carbon steel S* S S S S S S 
Wrought iron S S S S S S S 
Cast-iron pipe NP* NP NP NP NP NP NP 
Copper or brass S S S S S NS S 
Aluminum Q* Q Q Q Q Q NS 
Zinc NS* NS NS NS NS NS NS 
Magnesium NS NS NS NS NS NS NS 
ASHRAE 15-94 group A1 A1 Al Al Al B2 Al 


* NP, not permitted by ASME B31.5 Code; NS, not satisfactory; Q, qualified—moist refrigerant may 
corrode—consult supplier; S, satisfactory. 


the eight listed refrigerants is classified according to the Underwriters’ Laboratories 
classification and according to a group classification system covered in the ANSI/ 
ASHRAE 15 Safety Code. 

The ANSI/ASHRAE 15 classification of Groups A1 and B1 include refrigerants 
which are not considered flammable toxic or in the ordinary sense (remember that 
many refrigerants can smother if present in heavy concentrations). 

Groups A2 and B2 in the ASHRAE classification cover flammable or toxic 
refrigerants, and GROUPS A3 and B2 cover highly flammable or explosive refrig- 
erants. 


Limitations. Table C9.17 shows the limitations of various types of materials and 
group classifications with respect to the service with refrigerants. It will be noted 
that steel pipe must be Sch 40 or heavier for use with volatile refrigerants, with 
certain limitations with respect to size. 

ASME B31.5 no longer permits the use of butt-welded carbon steel with refriger- 
ants. However, it does permit the use of listed electric-resistance welded pipe 
and tube. 

Cast-iron pipe is not allowed for any volatile, flammable, or toxic refrigerant 
but may be used for water or nonvolatile brines. Cast-iron is not allowed for 
temperatures below —150°F (—65°C). 

Copper or brass tubing may be used with any refrigerant with which it is compati- 
ble and in any size or pressure when selected by the design rules. If copper tubing 
is erected on the premises, it must be Type K, L, or ACR. 

The ANSI/ASHRAE 15 Safety Code has certain requirements for institutional, 
public assembly, residential, and commercial occupancies. These rules prohibit the 
carrying of refrigerant piping through floors except that it may be carried from the 
basement to the first floor or from the top floor to a machinery penthouse to the roof. 

Refrigerant piping may be connected to a condenser on the roof if it is carried 
through an approved rigid and tight, continuous, fire-resistant pipe duct or shaft 
having no openings on intermediate floors, or it may be carried on the outer wall 
of the building provided it is not located in an air shaft, closed court, or any other 
similar opening enclosed within the outer walls of the building. 

For Group A1 refrigerants, the refrigerant piping may be carried through floors 
intermediate between the first floor and the top floor provided it is enclosed in an 
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TABLE C9.17 Piping Limitations 


Line size NPS 


Service 


Limitation 


ASHRAE 15 
Type or material group number 
Carbon steel or wrought iron A2, B2, A3, B3 
Al, B1 
A2, B2, A3, B3 
All groups 
Butt-welded carbon steel or Any 
wrought iron 
Cast-iron pipe Any 


Cast-iron pipe — 
Cast-iron pipe — 


Copper or brass 


Aluminum, zinc, magnesium — 
Magnesium 


Threaded joints A3, B3 


1% or smaller 
6 or smaller 
2 through 6 
6 or smaller 


1 and smaller 
See limitation 


Refrigerant liquid 
Refrigerant liquid 
Refrigerant liquid 
Refrigerant vapor 


Refrigerant liquid 


Refrigerant 
Brine 


Any 


Any (except ammonia) 


Ammonia 

Methyl chloride 
Halogenated hydrocarbons 
Any 

Group A3 or B3 fluids 
Salt brines 

Any 


Sch 80 or heavier 
Sch 40 or heavier 
Sch 40 or heavier 
Sch 40 or heavier 


Not permitted by code 


Not permitted for refrigerants 

Permitted above —150°F 
(—65°C) 

Not permitted below —150°F 
(—65°C) 

Type K or L if erected on prem- 
ises; soft annealed may not ex- 
ceed 1% in OD (DN 32) 

Not compatible 

Not compatible 

Not compatible 

Seal welded or braze 

Not allowed over 1 in (DN 25) 

Not allowed over 6 in (DN 150) 

Not lighter than Sch 40 up 
through 6 in (DN 150); not 
lighter than Sch 30 on 8, 10, or 
12 in (DN 200, 250, 300) 
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approved, rigid and tight, continuous fire-resisting pipe or shaft where it passes 
through intermediate spaces not served by the system. The piping of direct systems 
need not be enclosed where it passes through space served by that system. The 
pipe duct or shaft must be vented to the outside or to a space served by the system. 

The ANSI/ASHRAE 15 Code further requires rigid or flexible metal enclosures 
for soft, annealed copper tubing used for refrigerant piping which contains other 
than Group A1 refrigerants. 

Schedule 40 wrought-steel or wrought-iron pipe may be used for design working 
pressure not exceeding 300 psig (2100 KPa) provided electric-resistance-welded, or 
seamless pipe is used. 

For limitations on copper tubing, refer to ANSI/ASHRAE 15. 

Joints on copper tubing containing Groups A2, A3, B1, B2 and B3 refrigerants 
as classified by the ANSI/ASHRAE 15 Code must be brazed. Solder joints are 
prohibited in such systems. 

A brazed joint is obtained by the joining of metal parts with alloys which melt 
at temperatures higher than 800°F (425°C) but less than the melting temperatures 
of the joined parts. 

A soldered joint is obtained by the joining of metal parts with metallic mixtures 
or alloys which melt at temperatures below 800 (below 425 and above 200°C) and 
above 400°F. 

Systems containing 100 Ib (45 kg) of refrigerant with positive-displacement com- 
pressors should have stop valves on each inlet of each liquid receiver and on each 
branch liquid and suction line except on receivers which are in a condensing unit 
or which are an integral part of the condenser. 

Refrigerant piping crossing an open space which affords a passage way in any 
building must be not less than 735 ft (2.3 m) above the floor unless against a ceiling 
of such space. 

Free passageway must not be obstructed by refrigerant piping. Refrigerant piping 
must not be placed in any elevator, dumb-waiter, or other shaft containing a moving 
object or any shaft which has openings to living quarters or to main exit hallways. 
Refrigerant piping is not to be placed in public hallways, lobbies, or stairways except 
that such refrigerant piping may pass along a public hallway if there are no joints 
in the section in the public hallway and provided that nonferrous tubing of 1% in 
OD and smaller is contained in a rigid metal pipe. 


Limitations on Threaded Joints. Threaded joints should be seal welded or brazed 
for refrigerants. Threaded joints larger than NPS 1 (DN 25) in size should not be 
used for Group A3 and B3 fluids and must be no larger than NPS 6 (DN 150) in 
size for salt brine. Threaded joints must not be used on lighter than Sch 40 pipe 
up through NPS 6 (DN 150) in diameter or on lighter than Sch 30 pipe for NPS 
8-, 10-, or 12 pipe (DN 200, 250, 300). 


Design Pressures 


Minimum design pressures for refrigerants are defined in the ANSI/ASHRAE-15 
Safety Code as not less than pressure arising under maximum operating, standby, 
or shipping conditions, but not less than the saturated gauge pressure corresponding 
to certain specified temperatures. See Table C9.18 for minimum design gauge 
pressures of 9 refrigerants. Design pressures in other codes, as typified by the Safety 
Requirements in ISO-51495, specify higher temperatures than are used in the ANSI 
standards. The notes under the table explain the temperature basis for the minimum 
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TABLE C9.18 Minimum Design Gauge Pressures, psig 


High side 
Low side 7 
Watercooled Aircooled 

Group 80°F 32°C 43°C 104°F 43°C 122°F 55°C 63°C 
Refrigerant ASHRAE Name Formula ANSI! ISO? ISO? ANSI! ISO? ANSI! ISO? ISO? 
R-22 Al Chlorodifluoromethane CHCLF2 144 168 225 208 225 267 294 361 
R-134a A1 Tetrafluoroethane CH;FCF, 87 104 145 133 145 177 202 247 
R-290 A3 Propane C;Hs 129 150 198 184 198 234 262 312 
R-404A Al/Al R-125/143a/134a (44/52/4) 176 219 271 252 271 321 360 432 
R-407A Al/Al R-32/125/134a (20/40/40) 167 208 258 239 258 307 345 412 
R-407C Al/Al R-32/125/134a (23/25/52) 167 208 258 239 258 307 345 412 
R-410A Al/Al R-32/125 (50/50) 236 274 363 337 363 431 485 580 
R-507 Al R-125/143a (50/50) 180 209 292 257 292 328 369 440 
R-717 B2 Ammonia NH; 138 165 230 210 230 280 320 392 


Notes: 

1. ANSI/ASHRAE-15 defines “Design Pressures” as not less than pressure arising under maximum operating, standby, 
or shipping conditions, but not less than the saturated gauge pressure corresponding to the following temperatures: 
For low sides, not less than 80°F (26.7°C); For water-cooled high sides, not less than 30°F (16.7°C) higher than the 
summer 1 percent wet-bulb, or 15°F (8.3°C) higher than the highest design leaving condensing water temperature 
for which the equipment is designed, or 104°F (40°C), whichever is greatest. For air cooled high sides, 30°F (16.7°C) 
higher than the highest summer 1 percent design dry-bulb for the location but not lower than 122°F (50°C). 

2. ISO-5149 defines the pressures for systems only protected by pressure limiting devices, as the pressure of the 
refrigerant having at least the following temperatures: For ambient temperatures up to 32°C (89.6°F): 32°C (89.6°F) 
low side, 43°C (109.4°F) water-cooled high side, 55°C (131°F) air cooled high side. 

3. ISO-5149 defines the pressures for ambient temperatures up to 43°C (109.4°F): 43°C (109.4°F) low side, 43°C 
(109.4°F) water cooled high side, 63°C (145.4°F) air cooled high side. 

4. The gauge pressures shown in psig are minimums. To convert to kPa gauge, multiply by 6.89474. 
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TABLE C9.19 Suggested Minimum Field Test Pressure for Refrigerant Piping, psig 


High side High side 


Refrigerant Group Name Formula Low side water-cooled air-cooled 
R-22 Al Chlorodifluoromethane © CHCLF2 185 250 325 
R-134a Al Tetrafluoroethane CH;FCF; 115 160 225 
R-290 A3 Propane CH; 165 220 290 
R-404A A1/A1 R-125/143a/134a (44/52/4) 240 300 400 
R-407A Al/Al  R-32/125/134a (20/40/40) 230 285 380 
R-407C Al/Al  R-32/125/134a (23/25/52) 230 285 380 
R-410A Al/Al  R-32/125 (50/50) 300 400 535 
R-507A Al R-125/143a (50/50) 230 325 405 
R-717 B2 Ammonia NH; 200 275 385 
Notes: 


1. The suggested field test pressures are approximately 110 percent of the ISO minimum design pressures 
in Table C9.18 for all refrigerants, except approximately 120 percent of the ISO minimum design pressure 
for ammonia. 

2. Most safety and jurisdictional mechanical codes no longer speficy field test pressures. The field test 
pressure should follow the manufacturer or designer's specification, or be guided by performance codes 
such as IIAR-2 for ammonia systems, or be adjusted to not more than 130 percent of the nameplate 
pressure rating of any components in the parts of the system being tested. 

3. When not otherwise specified, the minimum suggested field test pressure is 110 percent of the design 
or maximum working pressure, so as to test the system at the rated operating pressure of the safety 
relief valve. 

4. The gauge pressures are shown in psig. To convert to kPa gauge, multiply by 6.89474. 


low-side and high-side pressures. The refrigeration industry in the United States 
usually designs to higher pressures than specified in ANSI codes. The principal 
reason for this practice is to provide safety relief valve set points at design pressures 
that are 25 percent higher than the maximum expected pressure. This practice 
enhances adequate closing pressure in conventional spring-loaded safety relief 
valves. System internal pressures within 90 percent of the set point can cause 
weeping or leaking of refrigerants from conventional relief valves. 

The new International Mechanical Code which is replacing juridictional codes, 
references ANSI/ASHRAE-15 for safety requirements and references ANSI/IIAR- 
2 for equipment and design of ammonia refrigerating systems. There are no specified 
field test pressures in the International Mechanical Code. Table C9.19 lists suggested 
minimum field test pressure for refrigerating piping. 


REQUIRED THICKNESS OF PIPE OR TUBE 


The required thickness of pipe or tubing is determined from the following equations 
and nomenclature: 


ly — tc (C9.8) 
PD, Pd 
t = —————— = ———_ (C9.9) 
2(S + Py) 2S+Py—P) 
2St 


pa (C9.10) 
(Do — 2yt) 
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where t, — minimum required thickness (in) (mm) 
C = allowance for grooves, threads, tolerances, corrosion, erosion (in) (mm) 
P = internal design pressure (psig)(kPa gauge) 
D, = outside diameter of pipe (in) (mm) 
d — inside diameter of pipe (in) (mm) 
S — allowable stress (psi) (kPa) 
t = calculated thickness in (mm) 


y is a material coefficient for which 


Ductile nonferrous materials = 0.4 
Ferritic steels = 0.4 


Austenitic steels = 0.4 


The design of piping for external pressure involves the use of charts to determine 
factors which are used to calculate the thickness or allowable working pressure. 
The method and charts referred to in paragraphs UG 28 and UG 31 of Section 
VIII of the ASME Boiler and Pressure Vessel Code? are acceptable for design of 
pipes and tubes subject to external pressure. 

The Pressure Piping Code recognizes and permits the use of the design rules of 
the ASME Unfired Pressure Vessel Code for closures, flanges, and blind flanges. 
For blanks, the following equation should be used: 


t = d,\/3P/16S 


where t = required thickness (in) (mm) 
d, = inside diameter of gasket for raised or flat-face flanges or the pitch 
diameter of retained gasket flanges (in) (mm) 
P = internal or external design pressure (psig) (kPa) 
S = allowable stress (psi) (kPa) 


Since the Pressure Piping Code? and the Safety Code for Mechanical Refrigera- 
tion both limit the minimum thickness of steel pipe and the minimum thickness 
for copper tubing for erection on the premises, it is possible to calculate the maxi- 
mum working pressure for these commonly used weights of pipe or tubing. 

Table C9.20 shows the maximum allowable internal working pressure for seam- 
less steel pipe in the permitted schedule numbers. The maximum allowable external 
pressure has also been calculated for a length-over-diameter ratio in excess of 15 
which will be common in most piping systems. It will be evident that the allowable 
working pressure for the permitted thicknesses of pipe is usually far in excess of that 
required by the design working pressure requirements for the various refrigerants. In 
most cases except in unusual circumstances, in cases where shock may be anticipated, 
or in the larger sizes, no further checking of allowable working pressure will be nec- 
essary. 

Table C9.21 shows rated internal working pressures for type ACR copper tubing 
normally used for air conditioning and refrigeration service in the field. Ratings 
are given for annealed tubing. 

The ASME B31.5 Pressure Piping Code establishes certain allowable working 
stresses for many grades of pipe and tubing in various materials. These allowable 
stresses are to be used in conjunction with the design equations listed above for 
special calculations. 
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TABLE C9.20 Allowable Working Pressures for Carbon Steel Refrigerant Piping 


Nominal Schedule Allowable internal Allowable external 
pipe no. working pressure, psig working pressure, psig 
size, NPS (DN) 

V6 (3) 40 1,890 2,070 
80 3,510 2,860 
Va (6) 40 1,490 2,000 
80 2,880 2,700 
y6 (10) 40 1,300 1,660 
80 2,500 2,280 
Vo (15) 40 1,126 1,580 
80 2,210 2,140 
9A (20) 40 994 1,320 
80 1,890 1,800 
1 (25) 40 866 1.210 
80 1,680 1,670 
1% (32) 40 773 980 
80 1,470 1,410 
1% (40) 40 740 890 
80 1,390 1,270 
2 (50) 40 670 750 
2Vo (65) 40 665 810 
3 (80) 40 624 700 
3% (90) 40 600 640 
4 (100) 40 580 580 
6 (150) 40 534 450 
8 (200) 40 515 390 
10 (250) 40 496 340 
12 (300) STD. 436 260 


For internal pressure: 
Based on minimum wall thickness; no corrosion or erosion allowance: thread allowance factor from 
ANSI/ASME B.1.201. 
Allowable stress = 12,000 psi. 
y (material coefficient) = 0.4. 
P = 2St/(D, — 2yt). 
For external pressure: 
Based on minimum wall thickness: no corrosion, erosion, threading, or grooving allowance. 
Yield: 24,000 psi to 30,000 psi. 
L/D, = 15 or greater where D, = outside pipe diameter in inches; L = maximum straight length 
of run between flanges, elbows, caps or stiffening rings (in). 
To convert psig to kPa gauge, multiply by 6.89474. 


Low-Temperature Design Criteria. It is recognized that certain materials tend to 
become brittle at low temperatures and may be subject to failure which would not 
occur normally at usual temperatures or at elevated temperatures. The transition 
temperature at which certain materials become brittle is not well defined. Some 
ferrous materials may pass through the transition range at normal temperatures, 
while others may not become brittle until quite low temperatures are attained. The 
ASME Unfired Pressure Vessel Code? arbitrarily establishes a temperature of —20°F 
as a point below which all vessels constructed of carbon or low-alloy steels should 
be impact tested, with certain exemptions. 

Refrigeration piping is frequently subject to temperatures below normal atmo- 
spheric temperatures to the degree that embrittlement may occur, and the ASME 
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TABLE C9.21 Rated Internal Working Pressures (psig) for Copper Tube Type ACR* 


Rated internal working pressure (psig) 


^u 100°F (38°C) 200°F (93°C) 300°F (149°C) 400°F (204°C) 
thickness Annealed 
(in) Annealed Drawn Annealed Drawn Annealed Drawn or drawn 

Ye (.030) 3130 — 3090 — 2620 — 1310 
34e (.030) 1990 — 1950 — 1650 — 820 
YA (.030) 1450 — 1420 — 1200 — 600 
146 (.032) 1230 — 1200 — 1020 — 510 
3 (.030) 900 1350 880 1300 740 1180 370 
36 (.032) 1010 — 990 — 840 — 420 
Vo (.032) 740 — 730 — 610 — 300 
Vo (.035) 800 1200 780 1150 660 1060 330 
y (.035) 640 — 630 — 530 — 260 
5% (.040) 740 1110 720 1060 610 980 300 
3A (.042) 650 980 630 930 530 850 260 
76 (.045) 590 890 570 840 480 770 240 
1% (.050) 510 770 490 720 420 670 210 
1% (.055) 460 690 440 650 370 590 180 
1% (.060) 430 650 410 600 350 560 170 
2% (.070) 370 560 360 530 300 480 150 
2% (.080) 350 530 340 500 280 450 140 
3% (.090) 330 500 320 470 270 430 130 
3% (.100) 320 480 300 440 260 420 130 
44% (.110) 300 450 290 430 240 380 120 


Based on S values as follows: 100°F— 6,000 psi, annealed; 9,000 psi, drawn; 200°F—5,900 psi; annealed, 


8,700 psi drawn; 300?F— 5,000 psi, annealed, 8,000 psi, drawn; 400?F— 2,500 psi, annealed or drawn, ac- 
cording to American National Standard Code for Pressure Piping, Refrigeration Piping, ANSI B31.5. 


Source: Copper Development Association, Inc. 
To convert inches to mm, multiply by 25.4. 
To convert psig to kPa, multiply by 6.89474. 


B31.5 Piping Code also requires impact tests on certain materias subject to tempera- 
ture below —20°F. There are certain materials and certain conditions under which 
impact tests are not required. The exemptions are as follows? 


1. 


No impact tests are required for aluminum, austenitic stainless steel in grades 
304, CF8, 304L, CF3, 316, CF8M, or 321, or copper, red brass, copper-nickel 
alloys, or nickel-copper alloys. 


No impact tests are required for bolting material conforming with A193, Grade 
B7 for use at temperatures above —50°F. 


No impact tests are required for bolting materials conforming with A320, Grades 
L7, L10, and L43 at temperatures above —150?F or above —225?F for A320, 
Grade L9. 


No impact test is required for material used in fabricating a piping system for 
metal temperatures between —20 and —150°F when the most severe condition 
of pressure (internal if above atmospheric and external if below atmospheric) 
does not produce a stress exceeding 40% of the allowable material stress. 
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For low-temperature application, the use of nonferrous materials or the stainless 
steel mentioned will normally be satisfactory. The use of nickel-steel pipe in conjunc- 
tion with the use of nickel-steel pressure vessels has long been an acceptable material 
for low-temperature when these materials are subjected to and pass the impact- 
testing requirements. 

Impact tests, when conducted, shall follow the requirements of ASME B31.5, 
Paragraph 5232.2. 

The standard 10- by 10-mm specimen is used if the thickness of the material 
being tested is 71e in or greater. For material that is not of sufficient thickness to 
permit preparation of full-size specimens, tests may be made on the largest possible 
of the subsize specimens listed in the following table. 

The impact properties for each size specimen are as follows: 


Minimum impact value 


Size of specimen (mm) required (ft - Ib) (J) 
10 x 10 15 20.3 
10 x 7.5 12.5 16.9 
10x 5 10 13.6 
10 x 2.5 5 6.8 


In welded fabrication, the weld also is required to meet the impact-test re- 
quirement. 


Expansion and Contraction. Since refrigeration piping systems are subject to 
changes in temperature, some precautions must be taken to assure that these changes 
in temperature during operation or during shutdown are considered in the design 
of the piping and in the design of supports and flexibility. 

Piping systems must be designed to have sufficient flexibility to prevent thermal 
expansion from causing 


1. Failure of piping or anchors from overstress or overstrain 
2. Leakage at joints 


3. Detrimental distortion of connected equipment resulting from excessive thrusts 
or moments 


Expansion strains are usually taken up by bending or torsion or by compression 
and tension. The concentration of stresses will be different in each case. 

Bending or torsional flexibility may be provided by the use of bends, loops, or 
offsets. While swivel joints, ball joints, and corrugated expansion joints are recog- 
nized by the Pressure Piping Code, some of these are not considered desirable for 
volatile refrigerant piping. Bends, loops, and offsets are generally used to provide 
flexibility. Loops and cold springing also may be used in the design of piping. 
Chapter B4 covers in detail the general design considerations involved in expansion 
and flexibility of piping. These same principles must be applied to refrigeration 
piping, and the maximum temperature cycle involved in the installation should be 
taken into account in determining the nature and direction of the stresses which 
may be caused by temperature effects. As previously mentioned under *'Insulation," 
pipe hangers or supports for low-temperature piping normally will not be in direct 
contact with the metal portion of the piping. Consideration must be given to the 
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insulation in types of support which are peculiar to refrigeration piping when the 
problems of expansion and flexibility are considered. 


Miter Joints. The ASME B31.5 Pressure Piping Code gives details for design of 
branch connections where the angle between the axes of the branch and of the run 
is between 45 and 90°. Branch connections less than 45° impose special design and 
fabrication problems. The Code permits connections to be made by the use of tees 
and welding outlet fittings such as cast or forged nozzles or couplings, or by attaching 
a branch pipe directly to the run pipe by welding. 

Normally the use of standard forged fittings of the butt-welding or socket types 
will provide sufficient strength in the case of a branch connection to permit applica- 
tion of these fittings without additional reinforcement. However, when a branch 
connection is welded into a hole cut into the main-run pipe, it is recognized that 
certain reinforcement may be required. The analysis of the extent of reinforcement, 
if required, is similar to that used on unfired pressure vessels for nozzle connections. 
The complete detailed analysis for such determinations and the means of determin- 
ing the amount of reinforcement required are shown in the ASME B31.5 Pressure 
Piping Code or in the ASME Unfired Pressure Vessel Code. The general method 
is to calculate the amount of metal cut out of the pipe and to calculate the amount 
of metal which is added by extra thickness of the pipe wall over that required for 
strength, the extra metal in the nozzle or branch connection, and the extra metal 
which would be added within certain limiting geometric zones by welding. If the 
added metal provides the equivalent of the amount of metal which had been 
cut out, no additional reinforcement is necessary. Reinforcement metal usually is 
provided in the form of a ring or a saddle which is welded to the run pipe. This 
reinforcement material must be added within certain limiting dimensions as defined 
by the code. The use of ribs, gussets, or clamps is permissible to stiffen the branch 
connection, but their areas cannot be counted as contributing to the reinforce- 
ment area. 


Welding, Brazing, and Soldering. Joints in piping which is to convey volatile 
refrigerants are usually made by welding, brazing, or soldering. This does not 
exclude the use of flanged connections, which are commonly used to connect valves 
or control devices in refrigeration piping. Flanged connections are commonly used 
to connect to pressure vessels and to compressors. Couplings of the friction type 
with seal rings may be used for refrigerants when the materials are compatible with 
the refrigerant and when the pressures permit. Use of such fittings is normally 
confined to low-pressure refrigerants. Limitations on threaded connections have 
already been listed, and frequently threaded connections, where used and where 
permissible, will be seal welded. 

Welded joints may be used in any materials for which it is possible to qualify 
the welding procedures, the welders, and the welding operators. 

Butt welds are permitted. Usually, backing rings are used in butt-welded joints, 
but where it is necessary to have a smooth interior surface or where the backing 
ring may result in severe corrosion or erosion, the joint may be welded without 
backing rings provided the piping is suitably cleaned. Socket welds are permitted 
under the Pressure Piping Code. The Pressure Piping Code defines in detail the 
required weld sizes and joint arrangements which are recommended for use in 
welded-part construction. 

The ASME Boiler and Pressure Vessel Code, Section IX, defines in detail the 
qualification of welding procedures and welders’ performance requirements for 
unfired pressure vessel construction. These rules have been adopted by the Pressure 
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Piping Code ASME B31.5 and form part of the requirements of that Code. The 
welders and the procedures should be qualified to assure that their quality is in 
conformance with these codes. 

The ANSI/ASHRAE 15 Safety Code for Mechanical Refrigeration requires 
brazing of certain joints. Also certain joints in restricted areas may require high- 
melting-point filler material. The ASME B31.5 Pressure Piping Code defines the 
filler metal used in brazing to be nonferrous metal or alloy having a melting point 
above 800°F (425°C) but below that of the metal being joined. Good practice in 
cleanliness of joints and the use of proper fluxes is required for brazed joints. 

Brazing procedures and operators, except for socket-type capillary joints, should 
be qualified in accordance with the requirements of Section IX of the ASME Boiler 
and Pressure Vessel Code. 

For soldered joints, the ASME B31.5 Code defines the solder metal to be a 
nonferrous metal or alloy having a melting point below 800°F (425°C) and below 
that of the metal being joined. Good soldering technique requires proper cleanliness 
and preparation of the joints, proper joint clearances, and proper heating. Proce- 
dures to be used on soldering or brazing socket type joints are outlined in ASTM 
B828-92.° 


Miscellaneous Considerations 


Corrosion. The ASME B31.5 Pressure Piping Code recognizes that corrosion or 
erosion may be factors to be considered in piping design. When corrosion or erosion 
is expected, an increase in wall thickness of the components above that dictated 
by other design requirements is to be provided consistent with the expected life of 
the particular piping involved. In the basic equation for calculating the pressure 
ratings of pipe or in determining the required wall thickness of pipe, the Pressure 
Piping Code requires the addition of a factor to the calculated wall thickness to 
result in the actual thickness required. The factor includes allowance for threading, 
groove depth, and manufacturers’ minus tolerance plus corrosion and erosion allow- 
ances. 

Corrosion allowance on the inside of piping for volatile refrigerants is not manda- 
tory. The refrigerant is recirculating and is usually charged into the system in a 
commercially pure state after thorough cleaning and evacuation of the entire system. 
When installed in accordance with good practice, a leaktight refrigerating system 
will not tend to corrode and it is not customary to add corrosion allowances. It is 
possible, with certain of the halogenated hydrocarbon refrigerants when contami- 
nated with noncondensible gases or with water which may leak into a system under 
vacuum, to have corrosive products form. On some occasions, in hermetically sealed 
refrigeration systems, compressor motor burnouts have resulted in formation of 
contaminants which also may be damaging to the inside of the system. However, 
these considerations are not properly part of the piping design and are usually the 
result of carelessness or misapplication. It is ordinarily not necessary to add corrosion 
allowance to volatile-refrigerant piping. 

For secondary coolant piping, especially with salt brines, the consideration of 
possible corrosion should be kept in mind in the design of the piping system. 
Ordinarily standard-weight pipe for either volatile-refrigerant use or for brine piping 
inherently has sufficient strength so that the normal wall thickness of pipes which 
are used are much heavier than are required for the actual pressure service, and 
therefore it may not be necessary to add additional allowances for corrosion. 
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Fittings. The Pressure Piping Code permits the use of standard fittings, provided 
they are compatible with the refrigerant or fluid. The standard ratings of forged 
steel flanges, fittings, and similar parts may be used for refrigerant service 

Bell-and-spigot fittings may be used only for water and drainage service. 

Couplings made of cast, malleable, or wrought iron may not be used on pipe 
containing flammable or toxic fluids. Wrought-iron couplings are subject to the 
same limitations in temperature, stress, and service which apply to cast-iron 
screwed fittings. 


Valves. Cast-iron gate valves and plug cocks must not be used in liquid-refrigerant 
lines unless consideration is given to the expansion of liquid trapped in a space 
when the valve is closed. 

Several manufacturers make standard lines of refrigeration fittings which do not 
fall into the classification of ANSI Standards for forged-steel valves. These valves 
and fittings over long years of usage have gained acceptability and are widely used 
and acceptable for refrigeration service to the degree recommended by the manufac- 
turer. 


Other Factors. The Pressure Piping Code lists the following dynamic effects which 
should be taken into account in the design of refrigerant piping. 


1. Impact forces (including hydraulic shock) caused by either external or inter- 
nal conditions. 


2. The effect of wind loading on exposed piping. 


3. Piping systems located in regions where earthquakes are a factor are to be 
designated for a horizontal force in conformity with the good engineering practice 
using governmental data as a guide in determining the earthquake force. How- 
ever, this force is not to be considered as acting concurrently with lateral 
wind force. 


4. Piping shall be arranged and supported with consideration for vibration. 


The Pressure Piping Code also calls attention to the following weight effects 
which should be taken into account in the design of piping: 


1. Live loads such as the weight of the fluid transported and snow and ice loads if 
the latter will be encountered. If low-temperature piping is not insulated, there 
can be a buildup of ice on the pipe even in high ambient temperatures. 


2. Dead loads, consisting of the weight of the piping components and insulation 
and other superimposed loads. 


3. Test loads which consist of the weight of the test fluid in the pipe. 


REFERENCES 


1. ASHRAE Safety Code for Mechanical Refrigeration, ANSI/ASHRAE-15, American Soci- 
ety of Heating, Refrigerating and Air Conditioning Engineers, Inc., 1791 Tullie Circle NE, 
Atlanta, GA 30329. 


2. ASME Code for Pressure Piping, Section B31.5 Refrigeration Piping, ASME International, 
Three Park Avenue, New York, NY 10016-5990. 


C.532 PIPING SYSTEMS 


3. ASME Boiler and Pressure Vessel Code, Section VIII, Unfired Pressure Vessels, ASME 
International, Three Park Avenue, New York, NY 10016-5990. 


4. ASHRAE Handbook of Fundamentals, American Society of Heating, Refrigerating and 
Air Conditioning Engineers, Inc., 1791 Tullie Circle NE, Atlanta, GA 30329. 


5. ASTM Standard B828-92, Standard Practice for Making Capillary Joints by Soldering of 
Copper and Copper Alloy Tube and Fittings, American Society for Testing Materials, 100 
Barr Harbor Drive, West Conshohocken, PA 19428. 


6. ISO Mechanical Refrigerating Systems Used for Cooling and Heating— Safety Require- 
ments, ISO-5149, International Standards Organization, Geneva, Switzerland. 


7. W.V. Richards, Refrigerant Vapor Line Sizing Not Dependent on Length, 1983 World 
Congress of Refrigeration, International Institute of Refrigeration, 177, Boulevard Malesh- 
erbes, F-75017 Paris, France. 


8. W.V. Richards, Practical Pipe Sizing for Refrigerant Vapor Lines, 1984 Annual Proceedings, 
International Institute of Ammonia Refrigeration, 1200 19th St. NW, Suite 300, Washington, 
DC 20036-2412. 


9. ||AR Piping Practices H andbook, Chap. 1, “Pipe Sizing Procedures," International Institute 
of Ammonia Refrigeration, 1200 19th St. NW, Suite 300, Washington, DC 20036-2412. 


CHAPTER C10 
HAZARDOUS PIPING SYSTEMS 
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INTRODUCTION 


Recent serious accidents! involving unwanted release of hazardous materials in the 
process industries worldwide have focused attention on the need to provide a 
process by which such accident occurrences can be prevented. This chapter discusses 
one aspect of that process—the design, construction, operation, maintenance, and 
modification of hazardous piping systems. The organization generally follows the 
sequence of piping design, construction, and operation discussed in greater depth 
in other chapters of this book. However, this chapter focuses on those elements of 
the design, construction, and operation of hazardous piping systems that are of 
particular importance to the owner, designer, and operator. Some of the elements 
discussed herein have been safely neglected in the design of more benign piping, 
but are mentioned here because it is felt they should be considered for hazardous 
piping. This chapter does not discuss in any depth the requirements or methods to 
perform process safety management, except to note elements of piping systems 
which may be susceptible to piping failures and need to be considered in any system 
designed to prevent fluid handling system failures. Lastly, this chapter does not 
discuss piping systems intended to handle nuclear power or nuclear power waste 
materials. These piping systems are highly regulated, and prescribed requirements 
are published elsewhere. 


* This chapter is a major revision to the previous (Sixth Edition) “Toxic and Hazardous Systems 
Piping" chapter by Richard C. Getz, P.E., Chief Piping Engineer, United Engineers and Constructors Inc., 
Philadelphia, Pennsylvania. In addition, Philip D. Flenner, P.E. of Consumers Energy Corporation, Covert 
Michigan provided information and recommendations on welding, Alan D. Nance, P.E. of A.D. Nance 
Associates, Inc., Evans, Georgia provided valving and construction suggestions and editorial comments, 
Dr. William E. Gale, P.E. of Bundy, Gale & Shields, Novato, California provided resource information 
on hazardous mateials, and Robert E. Serb, P.E., Consultant of Richmond, California provided an overall 
editorial review and comments. 
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The American Society of Mechanical Engineers, Code for Pressure Piping, B31.3 
Process Piping’ defines a hazardous fluid service as: 


“a fluid service in which the potential for personnel exposure is judged to be 
significant and in which a single exposure to a very small quantity of a toxic 
fluid, caused by leakage, can produce serious irreversible harm to persons on 
breathing or bodily contact, even when prompt restorative measures are taken 
[emphases added ]." 


The emphasized words in the definition are all qualitative, and what may consti- 
tute a hazard in one condition (steam in a confined space, for example) may not 
constitute a hazard under other circumstances (i.e., steam in an open field). A fluid 
that may be a hazard to the uninformed general public, if exposed to it, may not 
be considered a hazard if knowledgeable service personnel are handling it. The 
responsibility of what constitutes a hazard ultimately resides with the owner, and 
the designer of a hazardous fluid handling system in concert with the owner. The 
responsibility for a hazardous fluid handling system does not end with its design 
and construction. Responsibility extends beyond system start-up to the owner to 
operate and maintain the system safely and provide for the emergency conditions 
of hazardous fluid releases. 

Piping typically will only be part, perhaps even a small part, of a fluid hand- 
ling system. Pressure vessels, pumps, heat exchangers, turbines, compressors, 
and other primary fluid handling equipment items may represent greater capital 
investments and contain greater quantities of hazardous fluids, but all parts of 
the fluid handling system, including the piping, must be designed, operated, and 
maintained so as to limit the release of the hazardous contents to nonhazardous 
levels. 

It must be emphasized that during the service life of a plant (as high as 40 years 
or more), only diligent stewardship will ensure safe, reliable operation of hazardous 
piping systems. This stewardship begins at the early design phase, and continues 
through detail design into the construction, erection, and test phase and operation. 
However, this is only the beginning—a comprehensive monitoring and preventative 
maintenance program must be developed and implemented to ensure a hazard- 
free system. And finally, any modifications or repairs need to be performed with 
the same care and considerations required for the original design and construction, 
amplified by the recognition that hazardous residues may be present and reactive 
at and adjacent to the interface between the existing construction and any new or 
additional fabrications. 

Table C10.2 at the end of this chapter summarizes many of the design and 
operation recommendations developed herein. 


TERMS USED IN THIS CHAPTER 


Definitions 


Some of the terms used in reference to hazardous systems are defined below. 
Other common piping-related terms are defined in Chap. Al of this book; 
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however, the following definitions of owner and designer are specific to this 
chapter. 


Designer. The person responsible for the design decisions to be made regarding 
the hazardous piping design. It is important that the designer have considerable 
piping design experience and have access to relevant expertise in the hazardous 
materials being handled and regarding possible interaction between the hazardous 
materials and the materials of construction. Professional engineering registration 
would seem to be a necessity, complemented by an understanding of the intentions 
of the various codes and standards which may be used in the design, construction, 
operation, and maintenance of hazardous piping systems. 


Explosive. Extremely rapid combustion of a material such that a high-pressure 
wave is formed and propagated away from the source, often causing extreme damage 
to nearby objects. 


Flammability. The degree of susceptibility to ignition or combustion of a material 
under specific environmental conditions. 


Owner. The organization which will operate the constructed hazardous piping 
system. The owner is typically viewed by legal systems as having the overall 
responsibility for the safe design, construction, and operation of owned facilities 
and, as such, has the primary responsibility for the identification of hazards. 
While the designer may have some shared responsibility and provide the owner 
with expertise with which to evaluate hazards, it is nonetheless usually held that 
the final responsibility for the identification of hazards lies with the owner. Further, 
it does not seem plausible that hazardous piping would ever be constructed in 
a speculative environment, and if an engineering construction is purchased by 
an organization not involved in its design, the new owner should closely evaluate 
piping systems which handle hazardous and potentially hazardous materials. 


Process hazard analysis. A comprehensive review designed to identify potential 
hazards and to produce specific recommendations that will reduce the probability 
of a hazard occurring. 

Process safety management. The systematic process of design, operation, mainte- 
nance, emergency planning, and training by which the unwanted release of hazard- 
ous materials is sought to be prevented or mitigated. 

Reactivity. The susceptibility of materials to release energy either by themselves 
or in combination with other materials. 


Risk-based inspection. A process by which the evaluation of the risks of failure 
are prioritized for the purpose of developing a system inspection program to limit 
system failures and the adverse consequences of those failures. 


Safeguarding. The provision of protective and preventative measures that reduce 
the probability of hazardous conditions occurring. 


Toxicity. The ability of a chemical molecule or compound to produce injury once 
it reaches a susceptible site in or on the body. 


Acronyms and Abbreviations 


29CFR1910 OSHA, “Process Safety Management of Highly Hazardous Chemi- 
cals; Explosives and Blasting Agents" 


AIChE American Institute of Chemical Engineers 
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API American Petroleum Institute 

ASME American Society of Mechanical Engineers 

B16.5 ASME B106.5 “Pipe Flanges and Flanged Fittings" 

B16.9 ASME B16.9 “Factory Made Wrought Steel Buttwelding Fittings" 

B16.11 ASME B16.11 “Forged Fittings, Socket Welding and Threaded" 

B31 ASME B31 “Code for Pressure Piping” 

B31.1 ASME B31.1 Power Piping 

B31.3 ASME B31.3 Process Piping 

B31.8 ASME B31.8 Gas Transmission and Distribution Piping Systems 

BPS Bonding Procedure Specification 

CFR Code of Federal Regulations 

HAZOP Hazards and Operability Study 

MSS Manufacturers Standardization Society of the Valve and Fittings In- 
dustry 

NACE National Association of Corrosion Engineers 

NBBPVI National Board of Boiler and Pressure Vessel Inspectors 

NDE Nondestructive examination 

NFPA National Fire Protection Association 

NIOSH National Institute of Occupational Safety and Health 

OSHA Occupational Safety and Health Administration 

RBI Risk Based Inspection 

PHA Process Hazard Analysis 

POR Procedure Qualification Record 

PSM Process Safety Management 

WPS Welding Procedure Specification 


CODES, STANDARDS, AND REGULATIONS 


The latest edition and addendum of an applicable code or standard should be used 
for the design and construction of hazardous piping. It may be assumed that the 
latest edition and addendum of most codes is the clearest interpretation of the 
requirements of that code. The codes and standards mentioned in this chapter are 
U.S. codes and standards, but could be reasonably replaced by comparable foreign 
codes and standards. 

New-construction piping codes and standards set forth engineering require- 
ments, normally considered minimum, to assure the safe design and construction 
of piping systems. Codes and standards use simplified approaches to gain the 
widest possible usage. Codes and standards typically caution the owner and 
designer that these documents are not handbooks; that not all service conditions 
and environmental effects can be known; and, further, that requirements cannot 
be written to evaluate all such conditions and effects. The owner and designer 
are asked to use their experience and engineering judgment to meet the safety 
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factors inherent or explicit in the codes and standards. This necessity is com- 
pounded when the possibility of a hazard exists with a breach of the fluid- 
containing boundary. 

At present there are few codes or standards which address the area of operations 
and maintenance of fluid handling systems, much less hazardous piping systems. 
There is a growing awareness of the problem as evidenced by recent U.S. PSM 
regulations? and efforts by industry to develop approaches to operation and mainte- 
nance, such as new and proposed codes and standards by the AIChE, API, ASME, 
and NBBPVI. However, specific guidance for component evaluation in these new 
and proposed codes and standards is limited; rather these documents tend to outline 
procedural requirements and often rely on new-construction rules to guide the 
operation and maintenance of fluid-handling systems. 

The jurisdiction and the obligations of the various parties with regard to codes 
and standards are discussed at length in Chap. A4. 

Piping codes and standards do not list hazardous substances; therefore the owner 
and designer must identify such materials. However, codes and standards may assist 
in the identification process. The following is a listing of codes and standards, or 
documents which may loosely be described as a code or standard, that may assist 
the owner and designer to identify hazardous materials, to properly design and 
construct hazardous piping systems, and to evaluate the performance of existing 
piping systems. 


API 570, “Piping Inspection Code: Inspection, Repair, Alteration, and Rerating 
of In-service Piping Systems" 

API RP 574, “Inspection of Piping, Tubing, Valves, and Fittings" 

API RP 750, “Management of Process Hazards" 


ASME B31 “Code for Pressure Piping.” The ASME B31 Code for Pressure 
Piping consists of several sections: B31.1 Power Piping, B31.3 Process Piping, 
etc. (see Chap. A4). All the sections, published as separate books, may have 
useful information relevant to the design and construction of hazardous piping 
systems for their particular application. B31.3, however, is the only section that 
includes a chapter on hazardous piping systems. 


ASME B31G, “Remaining Strength of Corroded Pipe" 


ASME Boiler and Pressure Vessel Code, Section VIII, Divisions 1 and 2, “Rules 
for Construction of Pressure Vessels" 


NBBPVI, “National Board Inspection Code" 

NIOSH, “Registry of Toxic Effects of Chemical Substances" 
NFPA 30, “Flammable and Combustible Liquids Code" 
NFPA 49, *Hazardous Chemical Data" 


NFPA 325M, “Fire Hazard Properties of Flammable Liquids, Gases, and Vola- 
tile Solids" 


NFPA 491M, “Manual of Hazardous Chemical Reactions" 


The references also include several miscellaneous noncode or standard publica- 
tions which may assist the owner and designer in their efforts toward the identifica- 
tion of hazardous fluids and meeting PSM requirements.'? 

In addition, U.S. regulations have been published (1992) which require establish- 
ing procedures to ensure the integrity of systems handling hazardous materials. 
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TABLE C10.1 Materials Having High Toxicity or Reactivity 


Acetaldehyde 

Acrolein (2-Propenal) 

Acrytyl chloride 

Allyl chloride 

Allytamine 

Alkylaluminums 

Ammonia, Anhydrous 

Ammonia solutions 

Ammonium perchlorate 

Ammonium permanganate 

Arsenic hydride (also called Arsine) 

Arsine (also called Arsenic hydride) 

Bis(chloromethyl) ether 

Boron trichloride 

Boron trifluoride 

Bromine 

Bromine chloride 

Bromine pentafluoride 

Bromine trifluoride 

3-Bromopropyne (also called Propargyl 
bromide) 

Butyl hydroperoxide (tertiary) 

Butyl perbenzoate (tertiary) 

Carbonyl chloride (also called Phosgene) 

Carbonyl nitrate 

Chlorine 


Diisopropyl peroxydicarbonate 

Dilaluroyl peroxide 

Dimethyldiclorosilane 

Dimethylhydrazine, 1,1- 

Dimethylamine, anhydrous 

2, 4-Dinitroaniline 

Ethyl methyl ketone peroxide (also called 
Methyl ethyl ketone peroxide) 

Ethyl nitrite 

Ethylamine 

Ethylene fluorohydrin 

Ethylene oxide 

Ethyleneimine 

Fluorine 

Formaldehyde (Formalin) 

Fuming sulfuric acid (also called Oleum) 

Furan 

Hexafluoroacetone 

Hydrochloric acid, anhydrous 

Hydrofluoric acid, anhydrous 

Hydrogen bromide 

Hydrogen chloride 

Hydrogen cyanide, anhydrous 

Hydrogen fluoride 

Hydrogen peroxide 

Hydrogen selenide 


Nitric acid 

Nitric oxide 

Nitroaniline 

Nitromethane 

Nitrogen dioxide 

Nitrogen oxides (NO; NO;; N;O4; NOs) 

Nitrogen peroxide (also called Nitrogen 
tetroxide) 

Nitrogen tetroxide (also called Nitrogen 
peroxide) 

Nitrogen trifluoride 

Nitrogen trioxide 

Oleum (also called Fuming sulfuric acid) 

Osmium tetroxide 

Oxygen difluoride (Fluorine monoxide) 

Ozone 

Pentaborane 

Peracetic acid (also called Peroxyacetic acid) 

Perchloric acid 

Perchloromethyl mercaptan 

Perchloryl fluoride 

Peroxyacetic acid (also called Peracetic acid) 

Phophoryl chloride (also called Phosphorus 
oxychloride) 

Phosgene (also called Carbonyl chloride) 

Phosphine (Hydrogen phosphide) 
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TABLE C10.1 Materials Having High Toxicity or Reactivity 


Chlorine dioxide 

Chlorine pentrafluoride 

Chlorine trifluoride 

Chlorodiethylaluminum (also called Dieth- 
ylaluminum chloride) 

1-chloro-2, 4-dinitrobenzene 

Chloromethyl methyl ether 

Chloropicrin 

Chloropicrin and Methyl bromide mixture 

Chloropicrin and Methyl chloride mixture 

Cumene hydroperoxide 

Cyanogen 

Cyanogen chloride 

Cyanuric fluoride 

Diacetyl peroxide 

Diazomethane 

Dibenzoyl peroxide 

Diborane 

Dibutyl peroxide (tertiary) 

Dicloro acetylene 

Diclorosilane 

Diethylaluminum chloride (also called 
Chlorodiethylaluminum) 

Diethylzinc 


(Continued) 


Hydrogen sulfide 
Hydroxylamine 

Iron, pentacarbonyl 
Isopropylamine 

Ketene 

Methacrylaldehyde 
Methacryloyl chloride 
Methacryloyloxyethel isocyanate 
Methyl acrylonitrile 
Methylamine, anhydrous 
Methyl bromide 

Methyl chloride 

Methyl chloroformate 

Methyl ethyl ketone peroxide (also called 
Ethyl methyl ketone peroxide) 
Methyl fluoroacetate 

Methyl fluorosulfate 

Methyl hydrazine 

Methyl iodide 

Methyl isocyanate 

Methyl mercaptan 

Methyl vinyl ketone 
Methyltrichlorosilane 


Phosphorus oxychloride (also called Phospho- 
ryl chloride) 

Phosphorus trichloride 

Propargyl bromide (also called 3-Bromo- 
propyne) 

Propyl nitrate 

Sarin 

Selenium hexafluoride 

Stibine (Antimony hydride) 

Sulfur dioxide (liquid) 

Sulfur pentafluoride 

Sulfur tetrafluoride 

Sulfur trioxide (also called Sulfuric anhydride) 

Sulfuric anhydride (also called Sulfur trioxide) 

Tellurium hexafluoride 

Tetrafluoroethylene 

Tetrafluorohydrazine 

Tetramethyl lead 

Thionyl chloride 

Trichloro (Chloromethyl) silane 

Trichloro (Dichlorophenyl) silane 

Trichlorosilane 

Trifluorochloroethylene 

Trimethyloxysilane 


Nickel carbonyl (Nickel tetracarbonyl) 
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International efforts follow similar paths. In the United States, 22CFR1910, App. 
2 lists 140 chemicals with high toxicity and reactivity which OSHA considers highly 
hazardous above the concentrations and threshold the quantities listed there. The 
chemicals only are listed in Table C10.1. For concentrations, threshold quantities, 
and revisions to the list of chemicals in Table C10.1, the latest CFR document 
should be consulted. Note that not all of the materials listed are in a liquid form 
capable of being piped. 


IDENTIFICATION OF HAZARDOUS PIPING 


The identification of the hazards associated with the materials to be handled 
by a system is the first and most important step in the piping design process. 
Complicating the process are human error and inadequate management of 
mechanical systems, which have been said to be the largest causes of hazardous 
accidents. Various methods may be used to identify these hazards. The *Emer- 
gency Planning and Community Right-to-Know Act" passed by the U.S. Congress 
in 1986 established a framework for community emergency planning programs 
to deal with chemical releases. Additional federal actions eventually led to the 
publication of 29CFR1910 and identification of the hazardous materials listed 
in Table C10.1. It would not be typical for the piping designer to be as involved 
in community emergency planning as the owner. However, the piping designer 
may be more involved in the facility’s mandatory PHA, if covered by 29CFR1910, 
or more informal hazards assessment, if not covered by 29CFR1910. From the 
designer’s involvement in these tasks, it may be a simple matter to establish 
whether a piping system needs to be designed as hazardous. If the designer is 
not involved in any hazard analysis, it is incumbent upon the owner to ensure 
that all relevant knowledge developed from these analyses is communicated to 
the designer. It is the responsibility of both the designer and the owner to be 
sure that all of the relevant information has been received and appropriately 
applied. Further, the designer is responsible to clearly communicate the design 
intent to the fabricator and erector and to provide the operator with clear 
guidance as to the proper operation of the constructed piping system. A 
composite system diagram (see Fig. C10.1) may be useful in organizing piping 
system design features and in communicating them to the operator. 

Various methods are used to perform PHA or less formal assessments such as 
HAZOPs (Hazard and Operability Studies), “what if" checklists, FMEAs (Failure 
Mode and Effect Analyses), and ‘‘Fault-Tree Analyses." These methods often can 
be used jointly, complementing each other, to produce a higher quality product. 
While it is beyond the scope of this chapter to describe the different hazard assess- 
ment techniques, they all have some basic objectives: 


Identify hazardous contents or functions relating to safe handling of such contents 


Evaluate the operational and environmental effects and their potential to cause 
a failure which would result in a hazard 


Evaluate the consequences of a postulated failure 


Develop specific recommendations to contain, control, or limit the identified 
hazard. 
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FIGURE C10.1 Composite system diagram. 


With regard to piping systems, the hazard assessment task should at least consider 


the following: 


What is the amount and hazard level of the contents in the materials handling 
system? 


How much of the materials handling system contents could be released if the 
piping pressure boundary is breached? 


What is the effect on the materials handling system if the piping system fails 
to operate? 


What is the size of the piping (small piping can be more robust relative to large 
piping, but small piping can also be more easily abused by activities around the 
piping system)? 

Where is the piping located (who will be exposed, and in what form will the 
exposure take place, should a release of the hazardous material occur, and how 
knowledgeable are those who might be exposed)? 


Are the piping materials of construction compatible with the hazardous contents? 


What are the normal and abnormal service conditions (are the service conditions, 
so extreme, above and below ambient conditions, or even the ambient conditions 
themselves, that extra care appears prudent)? 


What is the potential for the piping system to experience a lot of service 
cycling or be subject to hammering or slugging or flow or mechanically induced 
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vibrations (high flow rates and two-phase flow can accelerate erosion and 
corrosion effects, excite piping system modes of vibration, or impose significant 
hydraulic loads)? 


* What are the environmental conditions (is the plant location, or the piping 
configuration or elevation such that extreme environmental loads can be ex- 
pected)? 


* What is the expected piping system service life (is the time during which the 
piping system is to be operated of such duration that the probability of failure, 
such as, creep, fatigue, or erosion/corrosion damage, is significantly increased)? 


* What protective measures are appropriate, (for example, guarded piping, struc- 
tural separation, leak sensing, measures to mitigate the effects of leaks)? 


Hazard assessments can be conducted at various stages of a project: 


* A preliminary hazard assessment can be conducted early in the project to highlight 
major potential hazards and define those areas where further study is needed. 


* A design hazard assessment can be performed after the process design has been 
completed to ensure that the process hazards have been identified and necessary 
corrective recommendations have been implemented. 


* A design verification assessment can be performed after the piping system has 
been designed, to ensure that all items relating to previous hazard assessments 
have been satisfactorily resolved. 


* An operational readiness assessment can be conducted prior to plant start-up to 
ensure that the design measures established as a result of the various hazards 
assessments have been incorporated into the construction and planned operation 
of the piping system. 


* Operating assessments can be performed on a routine basis during operating 
and outage periods to ensure that proper operation, maintenance, and repair 
procedures are being adhered to. 


Note that even if a piping system does not handle a hazardous substance, if the 
piping system is critical to the operation of a hazardous substance handling system 
it may need to be designed, constructed, and operated with the object of maintaining 
its operability under all conceivable operating and environmental conditions. Where 
there is any question regarding the toxicity or reactivity of a chemical, experienced 
technical personnel knowledgeable about that chemical should be consulted. The 
exclusion of a chemical from Table C10.1 should not imply that piping is not 
hazardous if the contents are released under unfavorable conditions, in an unfavor- 
able location, and in a sufficient amount. When in doubt, a conservative approach 
would be to adopt appropriate provisions of this chapter. In B31.3 services it is not 
uncommon to adopt the provisions for hazardous fluid service without referring to 
the service as such. 


QUALITY ASSURANCE AND QUALITY CONTROL 


Quality Assurance (QA) and Quality Control (OC) programs are normally associ- 
ated with the design and construction activities, respectively. To some extent the 
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hazards assessment process can be used to implement and complement both activi- 
ties. However, the design process for hazardous piping systems, even if a formal 
QA program is not used, should incorporate document controls covering all relevant 
calculations, specifications, and drawings; a system whereby all relevant calculations, 
specifications, and drawings are checked by an independent knowledgeable person; 
and the calculation, specification, and drawing originator(s) and checker(s) acknowl- 
edging their activities by signature and dates; and a documented periodic review 
of the design activities by supervisory, technically knowledgeable personnel. 

It would be expected to find formal OC programs implemented by quality 
manufacturing, fabrication, and construction organizations. In the construction of 
hazardous piping systems it is probably not a good idea to use any product from 
or service by an organization that does not have a functioning OC program. A 
functioning OC program is one which appears to have been used and revised 
periodically to meet new operating conditions, organizational changes, or improve 
the conformance to the way the organization works. A lack of revisions might 
indicate a lack of commitment to the OC program. A QC program will be able to 
document work performed; provide proof of materials, workmanship, and confor- 
mance to the construction documents; and maintain a segregation of parts and 
materials throughout the manufacturing, fabrication, and construction process. 


DESIGN CONSIDERATIONS 


The hazardous piping system should be designed for the entire range of possible 
design conditions. More information about the operating, possible abnormal, and 
environmental conditions should be understood than typically may be necessary 
for a more benign piping system. The designer should have access to a greater 
variety and level of expertise (e.g., in materials, welding, erosion/corrosion, thermal 
hydraulics, structural dynamics, chemical interactions, and systems operation) than 
would be typically necessary for more benign systems. The designer should be 
skeptical of untried methods and product forms without sound test data to back up 
analytic presentations. Common sense and reasonable conservatism are necessary to 
design a hazardous piping system. 


Piping Failure Modes 


The piping failure modes of greatest concern are rupture, mechanical joint disen- 
gagement, or excessive deformations and collapse. These represent the “worst case" 
failure scenarios. A rupture has the potential to release a large amount of the piping 
system contents. Disengagement of a mechanical joint has a like potential. Excessive 
deformations or collapse may cause active equipment (e.g., valves, pumps, turbines, 
and compressors) to bind and not function and other piping components to pinch 
or otherwise impede fluid flow. 

Other piping failure modes of lesser but still significant concern are the effects 
of cyclic behavior or the excessive deformations of mechanical joints. Cyclic effects 
can lead to a fatigue failure, either resulting in a leak or possibly a rupture. Excessive 
deformation of a flange can also result in a leak but probably not a rupture. 
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Design Conditions 


The design pressures and temperatures should represent the highest (or lowest if 
the piping system is to operate below ambient conditions) coincident pressures and 
temperatures the piping is expected to experience during any normal or abnormal 
operating condition, including any possible environmental effects. Possible varia- 
tions in normal and abnormal operating conditions should not be allowed to exceed 
the design pressures and temperatures. The design pressures and temperatures 
and the maximum coincident external (hydraulic, mechanical, and environmental) 
loadings should be used to establish the design wall thicknesses and classes for all 
fittings. Note that considering the effect of external loads may necessitate higher 
classes of fittings than would be necessary for pressure-temperature conditions 
alone. Based on variations in external loads, the classes of fittings may vary within 
the piping system. 


Material Selection 


Highly ductile materials should be used for hazardous piping. The use of low- 
ductility materials, such as cast-iron or glass, should be avoided. Materials with 
demonstrated brittle behavior or sensitivity to thermal and mechanical shock load- 
ings limit their serviceability and range of use. Low-ductility materials are susceptible 
to brittle failure in hazard mitigation situations, for example from thermal shock 
when exposed to fire or fire-fighting measures.? Impact testing should be used to 
verify material ductility. 

Proprietary materials may be used if the designer is confident of the suitability 
of the materials for the range of normal and abnormal conditions the material will 
be exposed to. Materials without sufficient service experience should be avoided. 

Material selection should take into account the suitability of the piping to resist 
deterioration in service. Information should be sought to determine material perfor- 
mance in corrosion or erosion environments.” Information may be provided; either 
qualitatively (e.g., acceptable or not acceptable) or quantitatively (e.g., expressed 
as a uniform corrosion rate). Quantitative information is used to establish corrosion 
or erosion allowances; qualitative information to select a material that will minimize 
erosion/corrosion damage. Obviously, the qualitative approach is preferable. 

The designer should be aware that in actual service corrosion and erosion will 
typically be localized and not occur uniformly throughout the piping system. Corro- 
sion is a function of many parameters, such as trace elements in the material, 
temperature, flow geometry, and flow rate. Corrosion is usually accelerated at 
crevices, under backing rings, in threaded joints, in socket-welded joints, at weld 
metal areas and heat-affected zones, or in other stagnant, low-flow areas of the 
piping system. Erosion is typically accelerated where high flow velocities exist, for 
example, in undersized pipe, at elbows, branches, reducers, or other locations where 
there are flow disturbances. 

In addition to evaluating the piping base materials, the method of pipe or 
piping component manufacture should be considered. Joints, material postforming 
treatment, and manufacturing processes can render piping less resistant to erosion/ 
corrosion than the base materials. 


Metallic Piping. Metallic material identification for hazardous piping systems is 
out of the scope of this chapter. Numerous sources can provide meaningful data 
for use in the materials selection process.?!^ But the final choice of material should 
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at least be reviewed by an expert in the chemical and erosion and/or corrosion 
performance of the candidate material. 

Metallic and weld material selection should consider the potential adverse effects 
of any dissimilar materials that may be in contact, as galvanic action at dissimilar 
joints can promote accelerated corrosion where it would not otherwise be expected 
to occur. Material test reports should be sought for all pipe and components so 
they are available during maintenance activities to determine more realistic factors 
of safety against failure. 

Time-dependent material properties must also be addressed during the material 
selection process. At high temperatures, typically over 700 to 800° F (370 to 430° 
C), and over a period of time ferrous materials lose ductility, decrease in strength, 
and flow (creep). Other metallic materials (e.g., copper, aluminum) experience this 
phenomenon at lower temperatures and are typically not used where creep would 
affect performance. It may be wise to select a conservative design temperature 
when the hazardous piping system must operate in the creep regime. Additional 
supports and the judicious use of rigid supports can reduce pipe sag and pipe 
migration during service. 


Nonmetallic Piping. Nonmetallic piping typically creeps at room temperature 
and can suffer degradation due to temperature effects or exposure to sunlight. 
Consideration should be given to additional supports and protection from sunlight. 
Using a nonmetallic lining in pipe or a metallic frame around the nonmetallic 
material may offer protection or additional support. Providing protection for nonme- 
tallics during operation by isolation, double containment, or other means may also 
be appropriate. 

Nonmetallics are attractive because of their corrosion-resistant properties and 
low cost, but typically they are not erosion resistant. Also, nonmetallics are suscepti- 
ble to undetectable damage due to impact during transport, storage, and installation. 
Pipe-joining procedures require care that must be observed, but because nonmetal- 
lics are perceived as “low tech," such procedures are often abridged. 

Nonmetallics typically exhibit highly anisotropic behavior. Seeking the actual 
material properties (e.g., yield and tensile strengths, elastic modulus) in the trans- 
verse and longitudinal directions may be warranted to assist in maintenance activities 
for the same reason they are sought for when using metallic materials. 

Because of nonmetallic piping's low elastic modulus, internal pressure can cause 
significant expansion of the pipe that is similar to thermal expansion in metallic 
pipe. The performance of nonmetallics under cyclic loadings is not well understood 
because of the wide range of nonmetallic materials, many being proprietary, the 
lack of material standards, and their typically nonisotropic behavior. If loads are 
expected to cycle more than a couple of hundred times, including pressure cycles, 
fatigue testing of the material may be warranted. 

The designer should also be aware that nonmetallics can often be combustible 
and may require fire protection. 

At this time (1999) there are no proven volumetric NDE methods available. 
Visual and dye penetrant methods are used, but these methods are limited to the 
pipe surfaces, and usually to the outside surfaces. Ultrasonic methods have been 
suggested as offering a potential volumetric examination, but these are thus far 
unproven. Refer to Chapter B13 and Part D of this handbook. 


Design Criteria 


Hazardous piping should be designed to a recognized piping code or standard. 
B31.3 has a chapter dedicated to the design of hazardous piping, but other codes 
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and standards could be used with proper consideration of the hazards and mitigating 
design attributes. Safety codes and standards, however, do not address levels of 
hazard. The designer should consider specifying greater safety attributes for hazard- 
ous piping to the degree he feels they may be necessary. A review of the B31.3 
nonmandatory App. F, Precautionary Considerations, and G, Safeguarding? may 
provide the designer with ideas for enhancing the safety of the hazardous piping 
system. 

If the designer plans to use nonstandard or unlisted materials and components 
or to use more rigorous analysis or alternative examination methods, the justification 
for the use of such materials and components under all the possible operating and 
environmental conditions and the reasons for justifying the use of such analysis 
and examination methods should be fully documented for the owner's approval 
before the release of specifications and drawings for construction. 


PRESSURE DESIGN 


The most significant safety attribute of piping is pressure containment. Hazardous 
piping should be designed for the most severe condition of coincident pressure, 
temperature, and loading. B31.3 does not permit, nor should any hazardous piping 
be allowed, to exceed design values, even for short periods of time. It may, in fact, 
be wise to overdesign the pipe for pressure (i.e., specify a thicker wall than is 
required by the piping code used). Other loadings may be increased by thicker pipe 
walls, but these other loadings, such as thermal expansion, may be compensated 
for by adding to the length and location of pipe in the anchor-to-anchor piping runs. 


Straight Pipe 


The design of straight pipe should be in accordance with the specified piping code. 
Flow velocities should be limited to a maximum of about 10 ft/s (3 m/s) for liquids 
and about 140 ft/s (43 m/s) for gases, especially where the potential for erosion and 
corrosion exists. Higher velocities may be justified by thorough investigation of the 
erosion/corrosion potential, but higher velocities may result in undesirable flow- 
induced vibrations and noise. 

The additional wall thickness provided to allow for erosion and corrosion should 
be based not only on the expected rate of wall loss and the anticipated life of the 
system, but also on the expected examination interval of the in-service inspec- 
tion program. 

Since hazardous piping is often small piping, protection of the piping from 
damage after installation is also advisable. An additional wall thickness could be 
provided, or the piping may be isolated or located in channels, cable trays, or 
double containments. 


Standard Components 


Standard piping components are discussed at length in this and other books (see 
Chap. A2). The designer, however, should be confident that components supplied 
as standard actually meet the standards specified; for example, the manufacturer 
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should be able to provide evidence that the B16.9 fitting furnished or a comparable 
fitting has met the burst test provisions of B16.9. 

The designer should be careful to ensure that components are specified to match 
the pipe to which they are connected. Further, the designer should request to be 
advised if the fabricator or erector deviates from matching components to the pipe 
or uses a nonstandard fitting in place of a standard fitting (e.g., using a Schedule 
160 fitting rather than Schedule 80 fitting, or replacing a standard welding tee with 
a fabricated branch connection). Such deviations can result in stresses not considered 
in the design. 

The designer should also be aware that velocities will increase locally in non- 
straight pipe components over the mass (bulk) velocity in straight pipe and thus 
can increase the local potential for erosion and corrosion. 


Valves 


A valve is usually defined by the piping codes as a standard piping component. 
As is the case with other standard components, the designer should be aware that 
fluid velocities, particularly in the vicinity of the valve seat, will be higher than in 
matching pipe and can result in erosion and corrosion problems. 

The selection of valve type, style, and valve body and trim materials should be 
based on hazardous fluid properties, required operating characteristics, and ease 
of maintenance. When locating valves, the designer should consider required opera- 
bility and service access. Selection of valve materials and location should also include 
consideration of potential accidents (e.g., fire). The valve construction (i.e., bolted 
bonnet versus pressure seal or welded) should include consideration for pressure 
boundary integrity required to prevent leakage of hazardous material (see Fig. 
C10.2). It is recommended that the valve meet recognized piping code requirements 
for design, materials, and manufacture. 


Isolation and Control Valves. The number and locations of isolation valves should 
be based on system requirements and include consideration for potential release of 
hazardous materials in the event of pipe rupture or inadvertent improper operation. 

Metal-seated gate valves should be of the flexible disc, split wedge, or double 
disc design which provide tighter shut-off than solid wedge designs, and prevent 
jamming of the gate, if the valve cools down in the closed position. The wedge and/ 
or body seat should be hard-faced to prevent galling. 

Remote-controlled valves (with motor operators, air operators, etc.) versus man- 
ual valves should be considered for more rapid valve operation and operation in 
a contaminated area. Similarly, remote manual operating devices, such as extension 
rods and chain-wheel operators, should be considered for ease of and safe valve 
manipulation. For large valves where motor operators cannot be justified, but where 
a valve may be required for isolation in an emergency, consider using portable air 
drives to assist in rapid valve closure. Also, for large manual valves consider ‘‘im- 
pact" handwheels to assist in the seating or unseating of the disc. 

Valve and operator type should be such that valve position is easily visually 
determined (for example, see Fig. C10.2). For valves essential to plant safety, 
consider the use of remote position indication. To preclude the possibility of inadver- 
tent, improper valve operation, consideration should be given to using valve posi- 
tion-locking devices. 

Permissible valve leakage (i.e., leakage across the seat[s] when closed) should 
be based on the properties of the fluid media and hazard presented by leakage. 
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FIGURE C10.2 Conventional gate valve. 


Valve backseat capability should be considered for gland repacking while the system 
is energized. The design of valve gland injection or leakoff collection devices should 
also be based on the properties of the fluid media and hazard presented by leakage. 
Valve body drains should be considered for removal of fluid media from the lower 
cavities for ease of maintenance activities. 

Control valve redundancy (i.e., parallel installations) should be considered based 
on required system operation. The designer should be aware that cavitation can 
occur in the piping downstream of control valves and can result in severe erosion/ 
corrosion problems. Control valve positioner linkage materials need to be compati- 
ble with the external environment and contained fluids. 

Although service failures in valves have resulted from shrinkage cavities in cast 
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valve walls,’ through-wall cracking of valves is rare. On the other hand, leakage 
through the stem/bonnet is relatively common.” Recent design enhancements have 
produced valves with sophisticated devices to eliminate valve stem leakage. Most 
of these designs employ a proprietary bellows-like device to effect a hermetic seal. 
These devices, along with conventional backup seals, may provide a solution to the 
problem of fugitive emissions emanating from valve stem areas. 


Relief and Safety Valves. Relief and safety valves should conform to a recognized 
pressure component code which requires overpressure protection of the pressure 
boundary. B31.3 requires that the design pressure shall not be exceeded by more 
than 10 percent during a pressure-relieving event. Note that this is in conflict with 
the B31.3 requirement that piping shall be designed for the most severe condition 
of coincident pressure, temperature, and loading. It is recommended that the design 
pressure and temperature include values expected during the pressure-relieving 
event. However, should the 10 percent requirement of B31.3 be applied, the designer 
should consider including a temperature correction, if the design temperature is 
also exceeded during the pressure-relieving event. 

Unless the pressure-relieving system is designed to regularly recycle or eliminate 
the hazardous contents, the set pressures of relief and safety valves should be set 
sufficiently above the normal and recoverable abnormal operating conditions such 
that the pressure-relieving system is not activated except in an emergency. 

Since small safety/relief valves (sentinel valves) have a tendency not to reseat 
once they lift, they should have the spring cap drilled and tapped for a gag which 
should be attached to the valve to facilitate closure. 

Rupture disc and breaking pin devices are normally unsuitable for relieving 
pressure in hazardous piping. 


Nonstandard Components 


Special fabrications, forgings, castings, and other specialties may complicate the 
design and cause difficulties later, if replacements are required. However, if used 
they should be qualified for pressure design in accordance with a recognized piping 
code or standard proof test, such as found in B16.9. The proof test procedure and 
the results should be reviewed and approved by the designer. The proof test should 
prove the nonstandard component's capability to function at 110 percent of the 
piping system's design pressure, adjusted for the design temperature, with the factor 
of safety inherent in the piping code used for design. 


Expansion Joints and Flexible Hose 


Expansion joints and flexible hose should be avoided unless absolutely necessary 
to accommodate thermal movements where expansion loops are not feasible or to 
decouple the piping from potential sources of mechanical vibration, (e.g., rotating 
equipment). If used, it should be realized that portions of the joint or hose are 
typically highly stressed and can degrade rapidly in an adverse environment or if 
manufactured with materials unsuitable for the service. If tie rods are not used, 
the pipe supports must be designed for the very large loads resulting from pressure 
thrust. The designer should follow the recommendations of the manufacturer and 
the Expansion Joint Manufacturers Association.' 
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JOINT DESIGN 


Piping joints, whether welded or mechanical, must be suitable for the anticipated 
pressure, temperature, and external loading conditions. The designer should also 
be aware that joints may be sensitive to the type of loading or be subject to selective 
attack by the erosive or corrosive nature of the fluid handled. Barriers and shields 
should be considered for mechanical joints to protect personnel from leakage. 


Welding 


Welding is the preferred method of making a joint in hazardous piping. Welding 
should be performed in accordance with the ASME Boiler and Pressure Vessel 
Code, Sec. IX, Welding and Brazing Qualifications. While welds between pipe 
supports or other attachments and the pressure-retaining boundary should also be 
in accordance with Sec. IX, welds between pipe support items may not need to be 
Sec. IX welds if they conform to an acknowledged structural welding code. 

Meeting the requirements of Sec. IX should assure the quality of welding. Section 
IX requires the preparation of a written welding procedure specification (WPS). The 
procedure is qualified in a procedure qualification record (POR) which documents 
physical testing proving that welds made in accordance with the WPS provide 
the required mechanical properties, essentially equivalent to the base material 
properties. Just as important is the qualification of the welder, which is done to 
prove the ability of the welder to make sound welds in accordance with the WPS. 
This is also proven by testing sample weldments done by the welder. For hazardous 
service, the designer may wish to require more stringent testing of either or both 
the procedure and welder and in-process checks to ensure the desired weld quality. 

To minimize any adverse effects from welding, the designer should review and 
approve the welding procedures and qualifications of the manufacturer, fabricator, 
and erector. The welding processes chosen should be based on the materials being 
welded, the quality level desired, and the availability of personnel capable of depos- 
iting sound weld metal. The filler material should be selected to essentially match 
the chemical composition and material properties of the base materials. Corrosive 
environments, low temperatures (requiring toughness considerations), and high 
temperatures (requiring creep considerations) may necessitate special attention to 
welding processes. 

Longitudinal welds used to manufacture pipe are typically made in accordance 
with Sec. IX, but also typically these welds are penalized, using a joint efficiency 
factor to reduce the allowable base material stress resulting in a thicker weld. Some 
care should be exercised if welded pipe is to be used for hazardous piping. B31 
joint efficiency factors have been subjectively developed and do not take into 
account possible operating degradation (e.g., due to creep). If the joint efficiency 
factors are less than 1.0, using B31 specified NDE can improve the joint efficiency 
factors to a value of 1.0, but this should not necessarily be construed as removing 
the metallurgical or geometric discontinuity that the weld joint represents. Consider- 
ation should be given to using seamless pipe in hazardous piping. On the other 
hand, high-resolution NDE in conjunction with a mill hydrotest has been shown 
to produce a high-quality weld seam in welded pipe. Because anisotropic properties 
are a typical result of the pipe manufacturing process (with more disparity expected 
in seamless pipe), the designer may consider testing for both transverse and longitu- 
dinal, yield and tensile properties as it is not unusual to have the maximum properties 
given in material test reports. 
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Butt welding is also the preferred method of joining two pieces of pipe because 
it typically produces a relatively small local stress riser in the form of surface 
imperfections,’ compared to other types of welded joints, and a butt weld joint 
can be readily examined by most conventional nondestructive techniques. 

Typically, with hazardous materials, a smooth internal root condition is desired. 
In order to achieve this, the gas tungsten arc-welding (GTAW) process is often 
chosen, sometimes with the additional application of automatic welding. This is 
true because the GTAW process characteristics allow for close control of heat 
input. Other processes may be used to fill the weld joint after the initial layers 
are deposited. 

Socket welds can be used if the designer evaluates and accepts its deficiencies. 
Several problems could be anticipated with the use of socket welds. Socket welds 
are susceptible to failures due to pressure cycling. The gaps required for fit-up and 
crevices in the socket are also potential debris collectors and places where corrosive 
elements can accumulate. Recent improvements in automatic welding in the field 
renders such a reasonably viable alternative to socket welding. Backing rings used 
for butt welds may also be subject to problems similar to the crevices in socket 
welds and it may be wise to avoid their use. 

Branch connections are often made using proprietary products (so-called ‘‘inte- 
grally reinforced" weld-on fittings). It is important to obtain the manufacturer's 
recommendations for welding, in particular the attachment weld profiles, prior to 
their specification in the design. It is also important to specify a cover weld for the 
attachment weld to the header similar to the requirements of the various B31 codes. 
If the branch connection is large, cover welds larger than those required by code 
would be prudent. Details of the required weld should be specified in the engi- 
neering design. 

If fatigue is a problem, consideration should be given to grooming the surface 
of the finished circumferential and branch welds. For cleanliness, and if the inside 
of the pipe is accessible, grooming the inside surface of the weld might also be con- 
sidered. 

Dissimilar metal welds should not be used unless the thermal expansion effects 
of the two materials are evaluated. If the dissimilar metal weld is necessary, it 
should be a butt weld, not a socket weld or a branch connection weld. 


Brazing and Soldering 


Brazing and soldering should not be used in hazardous piping. 


Bonding 


It is obvious that the bonding of nonmetallic piping is critical to the construction 
of a safe hazardous piping system. However, the designer should recognize the fact 
that many bonds are carelessly made because the use of plastic pipe is not typically 
treated with the same regard as metallic piping. 

The bonding of nonmetallic piping components should be done in accordance 
with a written bonding procedure specification (BPS). The BPS should be qualified 
by testing the mechanical properties of an assembly made in accordance with the 
BPS. All bonders should be qualified by preparing an assembly in accordance with 
the BPS that is tested to prove the bonder can make acceptable bonds. Refer to 
Chaps. D1 and D2 of this handbook. 
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Flanges 


It bears repeating that flanges should be designed for the maximum coincident 
pressure, temperature, and loading. This is a fact that is often missed because 
typically flange standards list pressure and temperature ratings only. If piping loads 
are significant and if the flange is not properly sized, then the flange will inevitably 
leak. Increasing the flange class (e.g., using a Class 300 flange where the pressure 
and temperature would indicate the use of a Class 150 flange) will result in a joint 
less likely to leak and in flange bolts that are less likely to be overstressed. The 
equivalent pressure method described in Design of Piping Systems? is suitable for 
sizing flanges with external loads and has been incorporated into a number of 
piping codes. 

Flanges conforming to B16.5 are recommended. Flanges manufactured to other 
recognized consensus standards may need to be used for large-diameter piping and 
would be acceptable with due consideration given to external loads and fit-up. 

Standard flanges include flat face, raised face, tongue and groove, ring joint, and 
lap joint flanges. Gasket materials include rubber, cork, elastomeric composition, 
spiral wound and laminated metallic-elastomer mixes, and solid metal rings. The 
effects of the hazardous contents on the gasket material should be considered. 

These flanges offer the advantages of ease of joint assembly, standardized dimen- 
sions, and general availability. A disadvantage is that assembly requires high bolt 
loading during initial seating to retain sufficient gasket pressure in service. This 
should be a consideration if the joint is subject to high cyclic loads or operates in 
the creep regime of the flange materials. 

Proprietary flanges are nonstandard components and should meet the require- 
ments described for nonstandard components. The designer or the manufacturer 
should also understand how the flange will perform when subject to external load- 
ings. These joints typically have fine surface finishes and tight tolerances. They 
usually require great care in assembly, and the tight gaps may create the potential 
for crevice corrosion. 

Published flange ratings (pressure-temperature-material class) presume the 
proper selection of gasketing and bolting materials. The flange joint is an assembly 
of flange, gasket, and bolting. In most cases the gasket seating surface is critical to 
proper joint sealing. Should the designer be inattentive to the interdependency of 
the flange assembly components, the flanged joint may not withstand the operating 
and environmental loadings. 

The designer should endeavor to locate flanged joints where external loads are 
low. 'The loading on a flanged joint includes internal pressure, bolt loads, and the 
piping operating and environmental loads. 

Weld-neck flanges are recommended for hazardous piping systems. Other flanges 
may be used if due consideration is given to their deficiencies. Other flanges, 
excepting lap joint flanges, are typically joined to the pipe with a fillet weld, which 
is less desirable than a butt weld. The attachment (strength) fillet weld is typically 
more highly stressed and subject to a stress amplification due to its geometry. Slip- 
on flanges, if used, should be double-welded with the seal (or back) weld at a 
minimum distance from the face of the flange. Care must be taken to avoid having 
the seal weld interfere with the proper function of the flange. Threaded flanges 
should be avoided due to their susceptibility to crevice corrosion and because 
threads represent significant stress risers. Socket welding flanges should only be 
used for NPS 2 (DN 50) and smaller. When using socket welding flanges care must 
be used regarding fit-up to ensure a minimum gap between the pipe and the bottom 
of the socket. Plate flanges (flanges without hubs) should be avoided unless double- 
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welded and the flange thickness is increased to offset the high attachment weld 
stresses. Lap joint flanges are susceptible to crevice corrosion and potential sealing 
problems. Crevices in any of the flanges may collect contaminates, and the collected 
contaminates could present a problem when servicing flanged piping and equipment. 

Flanged joints in hazardous fluid service can be safeguarded with flange shields 
to confine any escaping fluid. 


Threaded Connections 


Threaded connections should be avoided, if possible. Their vulnerability to fatigue 
damage is significant, especially where exposed threads are subject to corrosion. 
Note that materials susceptible to corrosion will corrode if exposed to unconditioned 
air. If used then, external piping loads should also be kept as low as possible. Seal 
welds covering the exposed threads may reduce external damage, but exposed 
threads within piping may also pose erosion, corrosion, and fatigue problems. Con- 
struction documents should specify seal welds where appropriate. 


Other Mechanical Joints 


There are a number of proprietary mechanical joints which may be acceptable if 
consideration is given to their deficiencies. Generally these mechanical joints have 
crevices which can trap fluids and would be susceptible to crevice corrosion. These 
proprietary joints should be treated as nonstandard components and meet the 
requirements previously set forth. In addition, the mechanical joint's ability to 
withstand the operating and environmental loads to which it will be subjected must 
be verified. Proprietary joints meeting industry standards may not necessarily be 
suitable for hazardous service. There are instances where industry standards do not 
comply with the factors of safety inherent in recognized piping codes. 


Requirements for Leak Testing 


B31.3 requires a sensitive leak test in addition to other required leak testing. It is 
recommended that a sensitive leak test be performed regardless of the piping design 
code used and such should be specified in the engineering design. If the design is 
in accordance with a piping code other than B31.3 or if the designer concludes a 
greater sensitivity is required than that required by B31.3, the required sensitivity 
should also be specified. 


EXTERNAL LOADS DESIGN 


There are two components to piping system design. The first is component design 
as previously discussed. The second is analyzing the designed pressure components 
as a postulated anchor-to-anchor structural system, subjecting the system to the 
possible external (operating and environmental) loads, judiciously adding supports 
to limit stresses due to weight and other loads, but not unduly restraining the piping. 
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Piping System Considerations 


The design should provide for possible isolation means and/or devices to monitor 
and contain or recover inadvertent discharges of hazardous contents. Open air 
process units lessen the potential for concentrating hazardous vapors, but increase 
the potential exposure to personnel near hazardous piping. 

Double containment systems offer the opportunity to protect the hazardous 
piping plus an additional barrier to the release of the hazardous contents of the 
"carrier" pipe (see Chap. B13). The annulus between the carrier and outer pipe 
can provide insulation, but more important, a location for a leak monitoring system 
to detect failures of the carrier pipe." The design of double containment systems 
may present difficulties in accommodating thermal expansion effects and problems 
in ease of construction. 

Hazardous fluids, if released, should be collected in a dedicated system for safe 
removal and to eliminate any cross-contamination with other services. If the release 
of hazardous liquids is to the open air, a diked area should be used to contain the 
spill, and a system for safe removal of the fluid and fumes would be required. If 
the release is a hazardous gas, a ventilation system may be used to remove hazardous 
vapors, mists, and dust and supply fresh air to the vicinity of the failed pipe. Such 
a ventilation system should be equipped with a scrubber to strip the vented air of 
hazardous materials prior to its release to atmosphere. 


Piping Layout 


Every effort should be used to *hard-pipe" systems using seamless, matching stan- 
dard pipe and components. Layouts should be routed near possible support points; 
the support hardware should preferably attach to straight pipe, rather than piping 
components. The developed (total) length of pipe should be minimized. Expansion 
loops, unequal Z-bends, and unequal offsets should be used to accommodate ther- 
mal expansion effects; while the use of mechanical devices to accommodate thermal 
expansion or contraction should be avoided. Layouts should facilitate operation 
and maintenance and protect piping from activities not related to the piping system 
function or maintenance. Drains and vents should be provided and piping sloped 
to facilitate liquid drainage and gas venting. 

Early identification of hazardous systems will allow layout considerations to be 
incorporated into the plant housing the system. A structural "flexibility" analysis, 
typically evaluating the startup-shutdown cycle, should be performed to determine 
if the piping system layout is not unduly restrained. The allowable flexibility stress- 
range will need to be reduced if the startup-shutdown cycle occurs once a day 
or more. 


System Controls and Safety Systems 


Process controls need to be provided to monitor system conditions to protect the 
system from excessive excursions of pressure, temperature, and fluid flow. The 
controls should limit the quantity of hazardous fluid that can escape in the event 
of a pipe rupture. 

A systematic monitoring and leak detection program designed to identify small 
leaks and potential problems as early as possible should be implemented. 

It would be unusual for a hazardous piping pressure relief or safety relief system 
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to directly discharge hazardous material into the atmosphere. Most often hazardous 
systems will be relieved into a closed system of piping and holding or treatment 
vessels. In this case, the relieving systems must be designed to accommodate the 
full volume of the maximum possible release. Obviously, the piping portion of the 
pressure relieving system must also be identified as a hazardous piping. The relieving 
event will typically introduce significant momentum change forces and possibly 
dynamic amplification of the discharge forces. 

Where hazardous piping is connected to a vessel requiring entry, two stop valves 
with a “free blow" drain, in between, should be provided as close to the vessel 
as possible. 


External Loads Analyses 


The evaluation of sustained stresses due to weight is normally less of a concern 
than limiting the displacements (sag) between supports. Limiting the sag between 
supports to about ¥% in (3 mm) will limit weight stresses and, in vapor systems, the 
pooling of condensibles. Long vertical risers or downcomers may require vertical 
supports to limit weight stresses not typically calculated using piping code compli- 
ance computer programs. 

Short-term sustained load stresses, such as single-phase flow pressure transients, 
two-phase flow transients, wind, and earthquake, should be evaluated. In general, 
limiting the displacements due to these short-term loadings will limit their potential 
to cause a piping collapse or rupture and likewise limit the fatigue damage, if these 
loadings are frequent. Two-phase flow transient forces may also be reduced by 
reducing flow velocities. Piping displacements can be limited by active supports, 
such as hydraulic and mechanical snubbers and sway braces, or passive supports, 
such as gapped framing around the pipe. Passive supports are preferred over active 
supports because active supports typically require periodic maintenance. Gapped 
supports and the piping may each suffer impact loads during these short-term 
loadings. Passive protection for the piping can be provided by special coverings, 
sleeves surrounding the insulation, devices or materials designed to take impact, 
heavier pipe walls, or pads in the vicinity of the gapped support. 

The startup-shutdown thermal stress-range (usually based on normal operating 
conditions, rather than design conditions) is typically analyzed to assure adequate 
piping flexibility. But all temperature ranges, whether due to normal or abnormal 
excursions, should be considered and evaluated along with the startup-shutdown 
range, if significant. Further, all other load ranges, such as due to pressure and 
short-term hydraulic and mechanical excursions, result in some cyclic (fatigue) 
damage. However, if an excursion does not often occur and the stress-range of 
the excursion is less than half the allowable startup-shutdown stress-range, it will 
probably not result in significant fatigue damage. Remember that because of a low 
elastic modulus, nonmetallics will experience significant pressure expansion effects 
similar to thermal expansion, often requiring consideration of their startup-shut- 
down stress-range. Pressure expansion will occur in metallic piping too, but it is 
usually only a small fraction of coincident thermal expansion. 

The designer should be aware that significant fatigue damage can result from 
relative anchor motions from any cause and need to be considered in the cyclic 
(fatigue) analysis. The greatest number of piping failures due to earthquake motions 
have been caused by excessive relative anchor motions. The number of times that 
any significant cyclic stress-range occurs must be estimated to properly evaluate a 
piping system for fatigue. 
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Creep damage from external loads should only occur from long-term sustained 
loadings. Using the design temperature to determine the allowable stress for sus- 
tained loads should limit external load creep damage. 

Evaluation of local stresses may be necessary as the result of rapid fluid tempera- 
ture changes at geometric discontinuities and at a material discontinuity due to any 
temperature change. 

The magnitudes of flow and mechanically induced vibrations are hard to predict, 
although they should be expected if flow rates are high or in the vicinity of reciprocat- 
ing and rotating machinery. If expected, a conservative estimate of their magnitudes 
may be necessary for analysis or the design should incorporate features to mitigate 
their effects. Vibration may only be realized after system operation begins and may 
need to be evaluated then. 


Pipe Support Design and Analysis 


Pipe supports are part of a piping system and should be of concern in hazardous 
piping because improper support design and their attachment to the pipe wall have 
caused failures in piping systems.’ For example, a support lug welded directly to 
the wall of a high-temperature pipe under the insulation, with the other end of the 
lug exposed to the atmosphere can "pull" a crack in the pressure boundary because 
of the lack of lug flexibility near the pipe wall. 

Attachment welds to and a portion of the attachment nearest the pipe wall 
should be considered as part of the pressure boundary and evaluated and constructed 
accordingly. A distance no less than 2t from the pressure boundary, where t is 
the thickness of the pressure boundary, should be considered the “‘portion of the 
attachment nearest the pipe wall." This means that within 2t materials should be 
pressure boundary materials and welds should conform to Section IX. Beyond that 
distance, support materials should be suitable for the service. Note that B31.1 
requires support materials for metallic piping to be listed, but that this could be 
interpreted as the attachment material should be listed for the purpose of consider- 
ing the interaction between the attachment and the pressure boundary. 

The design locations of supports and the method of attachment to the pipe 
should be reviewed with the piping designer, and to the building with the building 
designer, for large piping, to assure that those locations and the method of attach- 
ment are acceptable. 

Generally, supports need not be integrated with the analysis of the piping system 
(i.e., the support stiffness need not be incorporated in the analysis of the piping 
system). Incorporating support stiffnesses in the piping analysis will typically reduce 
loads on the supports. This should only be necessary if the piping loads are very 
high. However, supports should be stiffer than the pipe at the support point or 
they may not support the pipe. This should be able to be assessed merely by 
Observation by an experienced support designer. 

Pipe supports should support the pipe in the operating condition. For this reason, 
pipe supports should typically be adjustable and the piping system reviewed during 
normal operation and pipe supports adjusted as necessary. Pipe supports should 
also be designed to facilitate sloping the pipe for drainage or venting. 

Mechanical expansion anchors in concrete should be avoided; cast in place or 
epoxy grouted or equivalent anchors are preferable. 

Threaded hangers should be designed so that the threads are not subject to 
bending. 
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OPERATING MANUAL PREPARATION 


After completing the design, the designer should prepare an operating manual 
which describes the normal and abnormal operating and environmental conditions 
assumed in the design of the hazardous piping. Recommended operating and mainte- 
nance instructions for active components should be included. Manufacturers of 
active components, such as valves, pumps, instrumentation, and snubbers, will typi- 
cally provide operating and maintenance instructions. All design drawings, including 
component manufacturer's design drawings, should also be included. The operating 
manual should include any other information the designer concludes is necessary 
to guide the operator in operating and maintaining the hazardous piping system 
safely. Recall, as was previously stated, that a composite system diagram (see 
Fig. C10.1) may be useful to communicate the piping system's design features to 
the operator. 


FABRICATION AND ERECTION 


Fabrication and erection of hazardous piping should be performed in as clean 
conditions as possible to avoid any contamination that would compromise the 
process that is to occur with the finished system. 


Forming 


It would be wise to verify that piping code required heat treatment is performed 
on identified materials after cold or hot forming of components. 


Welding and Bonding 


The welding and bonding procedures established by the fabricator's and erector's 
QC programs should be followed. The fabricator and erector may augment the 
required examination by additional spot checking of the welding or bonding be- 
ing performed. 


Butt Welds. A butt weld is expected to fill the weld groove between two pieces 
of pipe from the inside surface to the outside surface of the pipe. Any deviations 
from this practice, such as between two heavier than nominal pipe fittings, should 
be reviewed with the designer. 

The piping layout and shop fabrications should consider how to facilitate field 
welding; for example, a field weld should not be located too near a wall such that 
the welder must use a mirror or other device to finish the weld. 

Butt weld joints should be made without the use of backing rings and inserts, 
unless otherwise permitted by the engineering design. 


Branch Connection Welds. Shop welding of branch connections is preferred to 
field fabrication. Non-90? branches are more difficult to fabricate than 90? branches. 
The engineering design may detail required branch connections. If not, it is recom- 
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Cover weld creates an effective 
radius to reduce stress from 
external load moments on branch 
(an actual radius will further 
reduce branch moment stress) 


Longitudinal Section 
Cover weld should make a 


constant smoothed transition 
around the circumference of 
the branch attachment weld 
(a constant weld leg will 
yield a constant transition) 


Inside corner ground off creating 
an effective radius to reduce 
stress from internal pressure 
(an actual radius will further 

reduce pressure stress) 


Circumferential Section 
FIGURE C10.3 Recommended branch connection details. 


mended that the fabricator or erector consider the following good practices to 
provide quality branch connections (see Fig. C10.3): 


The sharp inside corner of large high-pressure branch connections should be ground 
off, creating an effective inside radius. The outside welds to the header should not 
have abrupt corners; cover welds, such as those specified in B31 codes, should be 
used to provide an effective radius between the branch attachment weld and the 
header. The cover weld should effectively make a constant smoothed transition 
around the circumference between the attachment weld and the header. For large 
branch connections, the cover weld should probably be larger than the minimum 
typically required by the B31 codes. 


Socket Welds. Unless otherwise specified in the engineering design, a socket weld 
is expected to be a 45° fillet filling the joint created by inserting the pipe into a 
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Weld throat should be greater 
than or equal to that of a 45? 
fillet; the weld should fill the 
“groove” created by the machined 
surface of the fitting and the 
surface of the pipe 


<x Smoothing the weld to pipe 


transition will reduce stress 
from external load moments 


< EN eee teers 
2" Machined surface 
Socket welding fitting EM (approximately 
N 1-1/4 thom) 
Pipe thom 
l -þ— Approximately 1/16 inch before 
Location where debris welding (to minimize the 
and contaminates possibility of cracking the 
can accumulate weld when it cools) 


Pipe and socket welding 
fitting should match (see B16.11) 


FIGURE C10.4 Recommended socket weld details. 


matching socket welding fitting (see Fig. C10.4). The weld is expected to fill the 
joint to the edge of the machined boss on the face of the fitting. This means the 
leg length (size) of the fillet weld is approximately 1% times the nominal matching 
pipe thickness. Weld buildup on the unmachined surface of the socket welding 
fitting is not expected. Piping codes may mention a preference for a concave 
(smoothed) weld, but such a weld should not reduce the throat of the weld below 
that of the 45? fillet expected. The concave smoothing should only be done at the 
toe of the weld. 


Bonding. The fabricator and erector should take care that nonmetallic compo- 
nents and bonding materials are protected from damage or deterioration prior 
to assembly. 

The fabricator and erector should be careful during fit-up that joints to be bonded 
are well supported and that the bond is allowed to cure for the time required by 
the BPS before construction supports are moved. 


Mechanical Joints 


Mechanical joints should be assembled in accordance with the requirements of the 
fabricator or erector’s QC program. 
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Flanges. Large flanges and their gaskets need to be carefully aligned prior to 
bolting. The torquing of the bolts needs to follow a sequence to achieve the required 
bolt efficiency (i.e., bolt tightness) without overloading the flange or overstressing 
the bolts. The gasketing, if not specified in the engineering design, needs to be 
reviewed with the designer. 

Small flanges may not need to comply with the alignment requirements of the 
piping codes. The flexibility of the attached small piping may be sufficient to not 
overstress the flange elements; however, this should be reviewed with the designer. 


Threaded Connections. Where the erector uses threaded connections not speci- 
fied, but not prohibited, in the construction documents, the erector should verify 
the acceptability of such. Where the erector finds threaded connections specified 
in the construction documents but seal welds are not, the erector should consult 
the designer regarding his intentions. 


Other Mechanical Joints. Fabricators and erectors should make sure that all 
mechanical joints are properly assembled by following the manufacturer's recom- 
mendations, which typically describe a method to verify proper assembly. Documen- 
tation of the verification may be warranted. 


Erection. The piping should be erected in accordance with the engineering design 
and the piping code used in the design. Deviations from the design required for 
constructability should be reviewed with the designer. 

Bending or forming required for fit-up or alignment may require postforming 
heat treatment in accordance with the piping design code. 

Temporary supports for erection should not damage the piping or allow excessive 
deformations of the piping or equipment to which the piping is attached. 

After completing the installation of the piping the original design drawings 
should be revised to show all changes made; that is, the piping system drawings 
should be *'as-built" and made part of the turn-over documentation. 


EXAMINATION, INSPECTION, AND TESTING 


Most piping codes distinguish between examination and inspection, examination 
being the responsibility of the manufacturer, fabricator, or erector, and inspection 
being the responsibility of the owner. There is a tendency to limit examination and 
inspection to the welds, but more than the welds should be looked at prior to piping 
system startup, especially for hazardous piping. 

The manufacturer and erector can use various NDE methods to minimize sub- 
standard workmanship, and the owner can employ the same or different methods 
to verify the manufacturer's or erector's work. However, most piping codes specify 
the examination (NDE) methods with little opportunity for variations. Along with 
the prescribed methods, these same piping codes specify acceptance criteria appro- 
priate to the type and extent of required examination. Code inspection is normally 
limited to the owner reviewing the manufacturer, fabricator, or erector's work to 
the extent that the inspector is confident that the manufacturer, fabricator, or erector 
has performed the proper examinations and has made repairs where appropriate. 
However, the owner's inspection should include an overall review to assure that 
the construction meets the engineering design? 
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Because the piping is considered hazardous, the owner or designer may wish to 
impose more rigorous examination requirements (i.e., either NDE methods or 
acceptance criteria) than is required by the piping code being used. For example, 
the designer may want to limit the porosity in a butt weld to less than that permitted 
in a highly corrosive, high cyclic service. But more rigorous or multiple NDE 
methods may not be required by the code being used and the acceptance criteria 
of the codes is only appropriate for the required examination. This is true for all 
ASME pressure component codes and is illustrated by paraphrasing a 1985 B31.1 
Interpretation." 


Paraphrased Question: When an NDE method is not required by B31.1, but is 
used, must the acceptance criteria meet the requirements of B31.1? 


Paraphrased Reply: The acceptance criteria are not within the scope of B31. 


In addition, piping codes typically specify NDE methods that have been proven 
over long periods of use. Thus, if more rigorous, alternate, or newer NDE methods 
are imposed by the owner or designer, then acceptance criteria appropriate for the 
NDE method and extent of examination must also be developed and provided in 
the engineering design. It should be noted that the code examination methods and 
their acceptance criteria do not correlate well to specific failure modes. Defects 
detected by NDE methods are typically repaired because they are perceived rather 
than relating the defect to a specific failure mechanism. The detection of defects 
having little or no bearing on piping component performance may result in unneces- 
sary, and sometimes counterproductive repairs." Fracture mechanics holds the prom- 
ise of one day being able to correlate defects with failure modes, but that is not 
necessarily a given in 1999. 

Adapting the B31.3 in-process examination for nonmetallic piping may be 
prudent. 

The owner's inspection should include a detailed review of the erected system 
prior to startup to ensure that the pipe components and sizes, support types 
and orientation, valve types and orientation, and specialty items are in accordance 
with the engineering design. The materials of construction could be verified by 
spot checks or more rigorous forms of examination, if this was not already 
performed during construction. During startup the owner's inspection should 
also include verification that piping moves as is intended (e.g., spring hanger 
indicators move to the hot location) and that no undue vibrations or movements 
are observed. 

Examination of a branch connection and socket weld joints is normally limited 
to visual and surface examinations. However, with careful interpretation, radiogra- 
phy can provide relevant information about these fabrications and, further, it might 
be expected that the welding done could be of better quality if the manufacturer's, 
fabricator's, or erector's welders knew that some of their fabrications were going 
to be evaluated by radiography. Recall from the previous discussion that this exami- 
nation may be beyond the requirements of the design piping code, and acceptance 
criteria would need to be based on a prior agreement between the owner and 
the contractor. 

Leak testing of the erected piping system is a normal requirement of piping 
codes and should be performed as required by the piping code used in the design. 
The required leak testing should be performed before the hazardous piping system 
is painted or the insulation is applied so that the system welds and other joints may 
be viewed as completed or assembled. Where a hydrotest is impractical, a pneumatic 
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test or more rigorous examination may often be substituted. A sensitive leak test? 
should be used to augment whatever other leak testing methods are used. If testing 
requirements are not specified in the engineering design, the erector should review 
with the designer the expected leak-testing requirements. 

A recent and very practical B31.3 code change permits exempting "closure" 
welds from hydrotesting, if in-process and either radiography or ultrasonic examina- 
tions are substituted. This exemption is also useful for dealing with additions of 
small piping (e.g., instrumentation taps) to piping already tested. 


OPERATION AND MAINTENANCE 


The operator should operate the piping system within the design parameters of 
the system. The operator should be trained to understand the design parameters, 
other possible events that could cause a failure, and operating conditions that 
can degrade the system over time. The operator should be familiar with the 
hazardous material handling system in sufficient detail to be able to identify 
signs of system distress should they appear. One possible source of this information 
is the plant hazards analysis study and the results of any continuing hazards 
analyses. 

If design pressures or temperatures exceed the design limits by more than 
10 percent, consideration should be given to having an engineering evaluation 
of the excursion performed. The same consideration should be given if the 
piping system experiences an abnormal operation not considered in the original 
design or is exposed to a severe environmental event (e.g., hurricane or 
major earthquake). 

It would be wise to maintain an operating log (time versus operating pressures 
and temperatures, including outage time) to be able to evaluate fatigue and creep 
damage. This need not be a minute by minute log, but could log average values 
over a given period between identified maximums and minimums, with excursions 
beyond the maximums and minimums documented. Based on an understanding of 
the materials of construction, the original designer could be consulted or an engi- 
neering study be used to devise such a log. 

Maintenance of the hazardous piping system should include establishing 
an in-service inspection program to detect system deterioration before such 
deterioration can cause a failure. The in-service inspection could be based on 
emerging (in 1999) risk-based technology, tailored to the piping system. Risk- 
based technology seeks to rank the piping system components as to the probability 
of failure and the consequences of failure and implement inspection based on 
the ranking. The ranking is based on the component and the fluid contents: 
component materials, geometry, and the history of like components; and fluid 
content's chemistry, conditioning, flow, and temperature. Through-insulation 
radiography has been successfully used in such a program to screen sections of 
a piping system for local thinning, followed by ultrasonic testing to refine 
thickness measurements. Other existing and developing NDE methods can be 
used for in-service monitoring, should they prove to be appropriate. Acoustic 
emission is possibly one such appropriate developing method; the acoustic 
emission methods endeavor to identify locations of high stress by “listening” 
for material grain-structure fracturing. 

As of 1999, several efforts are under way to develop standards for flow evaluation 
and inspection planning. These include: 
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e B31.1is revising its nonmandatory appendix “Recommended Practice for Opera- 
tion, Maintenance, and Modification of Power Piping Systems" and considering 
making it mandatory. 


* B31.8 and the API are developing ‘“‘fitness for service" rules. 


* ASME and the API are developing RBI guidelines for the power and petrochemi- 
cal industries. 


* ASME Post-Construction Committee is developing new standards for post-con- 
struction conditions. 


These activities should be monitored for the completion and publication of 
their efforts. 

The operator should maintain maintenance records of the system and its 
critical components." These records should be of sufficient detail to provide 
information of any significant change to the physical structure of the pipe or 
piping components. Any changes in operating parameters should also be docu- 
mented, since changes in temperature, pressure, flow, or the amount of cycling, 
or the chemical composition of contents, can result in increased corrosion, erosion, 
decreased serviceability of components, or a decrease in the life expectancy of 
materials. 

Piping which operates in the creep range or is subjected to high thermal expansion 
stresses will self-spring (or shake down). Caution must be exercised when unbolting 
flanges or cutting loose piping that has self-sprung. Large movements of the flanges 
or pipe ends may result. If no problems existed with the previous operation of near 
equipment, reassembly of the piping should be done by pulling the flanges or pipe 
ends together and rebolting or rewelding. 

The pipe supports may offer considerable information about system perfor- 
mance. Lift off or adjustments to maintain piping in its design location may be an 
indication of piping system drift or the results of system loads not considered in 
the original design. Spring supports should be monitored to see if operating between 
the operating and ambient conditions moves the load indicator between the op- 
erating and ambient marks on the spring hanger assembly; nonmovement would 
obviously indicate the spring is not functioning; variations from the expected move- 
ments may indicate piping system drift or loads at variance with the predicted 
design loads. 


MODIFICATIONS AND REPAIRS 


Hazardous piping system modifications should be made in accordance with the 
latest piping codes. The interaction between the new piping and the existing piping 
should be evaluated. Piping system drawings should be revised to show the modifica- 
tions. 

Repairs should also be made in accordance with the latest piping codes. The 
effect that the repair will have on the piping system should be considered. The 
repair should be fully documented as to the cause necessitating the repair and 
whatever repairs are made. Any revisions to the piping drawings necessary to 
reflect the repair should be made (e.g. due to erosion/corrosion damage a 
segment of pipe might be repaired by a replacement segment of a more corrosion- 
resistant material). 
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PIPING SYSTEMS 


TABLE C10.2 Design and Operation Recommendations for Hazardous Piping 


“DO” 


“DON’T” 


Identify and give hazardous piping systems 
special consideration. 

Evaluate consequence of piping failure (for 
example, quantities released, personnel 
exposure, harm to the environment). 

Understand operating modes of the system, 
including variations in normal and abnor- 
mal operating conditions. 

Consider dynamic effects, such as fluid ham- 
mering, vibrations, earthquake. 

Perform stress analysis incorporating all the 
loadings expected. 


Select materials that will not deteriorate in 
service. 
Use ductile materials. 


Eliminate or minimize the use of mechani- 
cal joints. 

Provide smooth transitions at welded joints. 

Choose valves to be consistent with hazard- 
ous service. 

Provide designs to minimize fugitive emis- 
sions. 

Use appropriate NDE methods to assure 
quality fabrication and erection. 


Try to provide advice to plant designers re- 
garding piping layout needs. 

Use piping geometry to compensate for 
thermal expansion and contraction. 

Provide a collection and disposal system for 
pressure relief of hazardous systems. 

Segregate hazardous piping systems during 
fabrication, erection, and testing to facili- 
tate all requirements being met. 

Design and maintain supports as part of 
the piping system. 

Provide design details of critical elements 
to construction. 

Provide mechanism for positive identifica- 
tion of piping materials of construction. 

Provide an in-service monitoring program 
for early detection of problems. 

Maintain service records throughout life of 
system. 

Periodically examine critical elements. 


View hazardous piping systems as conven- 
tional systems. 
Assume piping system cannot fail. 


Expect operating conditions to be without 
variation. 


Overlook potential dynamic effects. 


Disregard short-term loadings combined 
with sustained loads or the fatigue effects 
of short-term loadings. 

Choose materials sensitive to corrosion or 
erosion. 

Use low-ductility materials, such as cast- 
iron or glass. 

Use mechanical joints without considering 
means to safeguard them. 

Have abrupt changes in joint geometry. 

Use stem packing designs that can leak. 


Forget to perform a sensitive leak test with 
an appropriate sensitivity. 

Limit NDE methods to those in codes and 
standards if newer methods will give reli- 
able results. 

Believe that plant designers will understand 
hazardous piping layout needs. 

Use expansion joints. 


Vent directly to atmosphere without proper 
treatment. 
Treat hazardous piping like other systems. 


Treat piping supports as independent com- 
ponents. 

Leave critical fabrication and assembly de- 
tails to be provided by field. 

Rely on specifying materials with no fol- 
low-up. 

Wait for a catastrophic event. 


Repair piping without documenting it. 


Install system and forget about it. 
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CHAPTER C11 
SLURRY AND SLUDGE PIPING 


Ramesh L. Gandhi 
Principal E ngineer 
Bechtel Corporation 
San Francisco, CA 


DEFINITION AND BACKGROUND 


Slurry is a mixture of solids and liquid. A sludge denotes a mud or a concentrated 
slurry having a considerable amount of fine material that imparts high viscosity. 
Typical examples of slurries are the solid-liquid mixtures encountered in mineral 
processing plants and dredged material from waterways and dams. Most of the 
slurries are made up with water. However, industrial paints, rocket fuel, coal-oil 
mixture, and coal-methanol slurries are made up with liquids other than water. 

River sediment in the form of slurry appears to have been handled since ancient 
times.' All ancient civilizations arose on river banks. Maintenance of waterways 
requires periodic dredging which results in a sand and silt water slurry. Today 
dredging represents the largest volume of solids handled in slurry form. Slurry 
transport is also used for dam construction. 

Blatch? reported the first hydraulic test results for a sand-water slurry flowing 
through NPS 1 (DN 25) pipe. Gregory,’ O’Brien and Folsom,’ and Howard’ reported 
results of tests of clay, sand, and gravel slurries. The flow of muds and sludges 
through pipes was first examined by Caldwell and Babbit. The first large-scale 
experimental program on the flow of slurries through pipes was reported by Durand.’ 
The correlations proposed by Durand and his coworkers serve as a basis for the 
present-day design methods. 

Design of a slurry piping system involves 


* Selection of pipe diameter 

* Estimate of friction loss and pumping requirements 

* Selection of pipe material, valves, and fittings 

* Selection of pumps 

* Selection of instruments and control system for safe and reliable operation 


Pipelines transporting liquids such as oil and water can be operated at any 


velocity up to their design limits. In most slurry applications, a certain minimum 
velocity needs to be maintained, to keep solids from settling out in horizontal 
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sections of the pipe. The velocity below which particles tend to settle out and form 
a deposit in the pipe is called the deposition velocity. The pipe diameter should be 
selected such that the velocity in the pipeline is maintained above the deposition 
velocity over the operating range of flow rates. 

The operating flow rate range is determined by the expected range of solids 
throughput and slurry concentration. Solids throughput is defined as the weight of 
solids to be transported per unit time. It is normally expressed in tons per hour 
(tons/h). The slurry concentration is expressed as the weight of solids per unit 
weight of slurry, or volume of solids per unit volume of slurry. 

The slurry concentration may be established by the requirements of the 
upstream or downstream processing facilities. This is normally the case with in- 
plant piping. In the case of long-distance pipelines, it becomes advantageous to 
adjust the slurry characteristics and concentration to reduce the cost of the pipeline 
system. An economic study is performed to select parameters acceptable to upstream 
and downstream plants while offering economies in pipeline construction and oper- 
ation. 

The deposition velocity and friction loss in a given size pipe at a given concentra- 
tion depend upon the slurry flow behavior. The selection of pipe material, valves, 
fittings, and pumps depends upon the velocity of flow, abrasivity of the slurry, and 
pumping pressures which are in turn governed by the slurry flow behavior. 


SLURRY FLOW BEHAVIOR 


Flow of slurry in pipes depends upon the interaction between the solids and liquid 
as well as between the slurry and the pipe. 

Depending upon the velocity of flow, pipe diameter, solids size distribution, 
fluid properties, and solids characteristics, four different flow conditions can be 
encountered in a horizontal or nearly horizontal pipeline.’ These are homogeneous 
flow, heterogeneous flow, intermediate regime, and saltation regime. 


Homogeneous Flow 


Homogeneous flow implies that the solid particles are uniformly distributed across 
the pipeline cross section. Homogeneous flow, or a close approximation to it, is 
encountered in slurries of high concentrations and fine particle sizes. Slurries exhib- 
iting homogeneous flow properties do not tend to settle and form a deposit under 
flowing conditions. Typical examples of homogeneous slurries are sewage sludge, 
coal-water fuel, clays, drilling mud, paper pulp, titania, fine limestone (cement kiln 
feed slurry), thorium oxide, and many other finely ground materials. 


Heterogeneous Flow 


In heterogeneous flow conditions, there is a pronounced concentration gradient 
across the pipeline cross section. Slurries at low concentration with rapidly settling 
(coarse particles) solids generally exhibit heterogeneous flow. Typical examples are 
sand and gravel slurries, coarse coal slurries, and coarse tailings slurries. 
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Intermediate Regime 


This type of flow occurs when some of the particles are homogeneously distributed 
while others are heterogeneously distributed. Most industrial applications involve 
a wide range of particle sizes. Intermediate regime of flow is expected with transpor- 
tation of tailings slurry from mineral processing plants and transportation of coal- 
water slurries. 


Saltation Regime 


The fluid turbulence may not be sufficient to keep fast settling particles in suspension. 
The particles travel by discontinuous jumps or roll along a sliding or stationary bed 
on the pipe bottom. This type of flow will occur with coarse sand and gravel slurries. 


IN-PLANT SYSTEMS 


In-plant systems generally involve horizontal, vertical, and inclined sections of pipe. 
The pipe lengths are generally short. A large number of bends, valves, and fittings 
may be present in such systems. The pressure losses due to bends, valves, and 
fittings may be a significant part of the total friction loss. Static head due to change 
in pipe elevation may be a significant part of the total pumping head requirements 
for in-plant systems. Typical examples of in-plant system are slurry preparation 
plants, mineral beneficiation plants, and municipal and industrial waste treat- 
ment plants. 

In a mineral beneficiation plant, different types of slurries may be handled 
in the same plant. The slurry concentration as well as the particle size distribu- 
tion of the slurry may change as the mineral passes through various grinding, 
separation, and settling stages. Large variations in slurry characteristics and flow 
rate may be encountered in the same section of pipe owing to changes in ore 
characteristics or plant operations. The pipes should be sized for these antici- 
pated variations. 


LONG-DISTANCE PIPELINES 


A number of slurry pipelines have been built to transport solid particles. The 
materials transported include coal, limestone, kaolin clay, China clay, iron concen- 
trate, copper and nickel concentrates, phosphate concentrates, gold ore, fly ash, 
sludges, and mineral tailings. Because of the relatively long length of these 
pipelines, pressure losses through bends and fittings are not a significant part of 
the total friction loss. Pumping requirements should include changes in pipeline 
elevation which could be substantial in long-distance pipelines traversing rugged 
terrain. 

Because of the relatively large investment required for a long-distance pipeline, 
it is generally advantageous to adjust the characteristics of the slurry to suit the 
pipeline requirements. The slurry concentration, particle size distribution, and 
throughput are generally controlled within relatively narrow operating limits. The 
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material is generally finely ground to obtain a pseudohomogeneous flow condition 
in the pipeline. 

Slurry pipeline systems range from single-station low-pressure centrifugal 
pump installations to multistation high-pressure reciprocating pump systems. In 
all cases, the basic requirement for successful slurry pumping is to maintain pipeline 
flow above a minimum operating velocity. The minimum operating velocity is set 
at a desired margin of safety above the critical velocity. The critical velocity in turn 
is determined by the solids screen analysis, solids density, and concentration as well 
as the specific system characteristics— pipe diameter, slurry temperature, etc. 

In a positive displacement system, the flow is controlled by varying the pump 
speed. This can be accomplished by the use of a fluid coupling, eddy current coupling, 
ac or dc variable-speed drive, or a hydraulic clutch system. Diesel-driven pumps 
have also been used in remote areas where electric power was not available. For 
optimum system efficiency, most pumps should be operated at their maximum 
design speed. 

A short list representative of the long-distance slurry pipelines in use throughout 
the world is presented in Table C11.1. 


TABLE C11.1 List of Selected Long-Distance Slurry Pipelines 


Throughput, Length, Start of 


Material System, location mmtpy mi operation 
Coal Consolidation Coal, Ohio 1.2 105 1957 
Russia 4.0 E 1966 
France (Merlebach) 1.5 6 1954 
Black Mesa, Arizona 5.0 273 1970 
Japan 0.3 16 1965 
Limestone Trinidad 0.5 6 1959 
Rugby, England 1.5 57 1964 
Calaveras, California 1.4 17 1971 
Gladstone, Australia 2.0 15 1981 
Iron Savage River, Tasmania 2.3 53 1967 
concentrate Pena Colorada, Mexico 1.6 30 1974 
Las Truchas, Mexico 1.4 17 1975 
Sierra Grande, Argentina 1.9 20 1977 
Samarco, Brazil 12.0 247 1978 
Kudremukh, India 7.5 42 1980 
La Perla, Mexico 4.5 237 1983 
Iron sand Waipipi, New Zealand 1.0 4 1971 
Copper Bougainville, Papua, 1.0 17 1972 
concentrate New Guinea 
West Irian, Indonesia 0.3 69 1973 
Pinto Valley, Arizona 0.4 11 1974 
Kennecott Chino, New Mexico 0.7 7 1982 
KBI, Turkey 0.9 40 1973 
Kennecott, Utah 0.7 17 1987 
Phosphate Valep, Brazil 2.0 70 1979 
concentrate Chevron, Utah 1.8 94 1986 


Makon, India 0.1 7 1983 
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SLURRY CHARACTERISTICS 


Slurries may be classified as settling suspensions and nonsettling suspensions. Set- 
tling suspensions require turbulence to maintain individual particles in motion or 
in suspension. With finely divided solids, homogeneous flow could also be achieved 
for settling suspensions in turbulent flow. Nonsettling suspensions, as the name 
implies, do not settle, even under the no-flow condition. 

Mineral concentrates, tailings, and coal slurries require turbulence to maintain 
particles in suspension. Digested sludge and coal-water fuel slurries do not settle 
under static conditions. 

The flow characteristics of a settling suspension are largely governed by the 
settling velocity of solids in it. The flow characteristics of a nonsettling suspension are 
governed by its rheological characteristics and densities. Most commercial slurries 
contain appreciable amounts of finely divided solids that change the rheological 
properties of the suspending fluid. For these slurries, both the settling characteristics 
of solids and rheological properties and the density of the slurry become important. 


Slurry Density 
The density of a slurry is given by 


u 100 
a Cyf ps zu (100 = C,)/ pi 


Pm (C11.1) 


where p = density of suspending liquid, lb/ft? (kg/m). 
Pm = density of mixture, Ib/f? (kg/m?) 
p; = density of the solids, Ib/f? (kg/m?) 
C,, = solids concentration by weight in slurry, 96 


Measurements of slurry concentration, solids density, and liquid density are straight- 
forward. The slurry concentration is obtained by evaporating a liquid component 
from a known weight of slurry and measuring the weight of dried solids. 

The density of slurry in a pipe may be measured by using a nuclear density 
meter or by measuring head loss per unit length along each vertical leg of a test 
section arranged as an inverted U. The slurry density may also be measured by 
collecting a sample in a suitably designed specific-gravity bottle or by a Marcy 
balance. Note that these devices measure the specific gravity of slurry. The density 
of slurry is computed by multiplying its specific gravity by the density of water. 


Example C11.1. Slurry concentration is determined by drying to constant weight 
a sample of slurry in an oven maintained at 220°F (104°C). Determine the slurry 
concentration based on the following data: 


Weight of empty dry container 0.1 Ib (0.0454 kg) 
Weight of container plus slurry 0.32 Ib (0.1454 kg) 
Weight of container plus dry solids 0.21 Ib (0.0954 kg) 
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Solution 
Weight of dry solids = 0.21 — 0.1 


= 0.11 Ib (0.05 kg) 
Weight of slurry = 0.32 — 01 
= 0.22 Ib (0.01 kg) 


100 


Weight percent solids Cy = weight of solids x ——————— — 
weight of slurry 


= 50% 


Example C11.2. Determine the density of the slurry considered in Example C11.1 
if the solids and liquid specific gravities are 3.0 and 1.0, respectively. 
Solution 


Density of solids o, = 3.0 x 62.4 lb/ft (3000 kg/m?) 
Density of liquid o, = 1.0 x 62.4 lb/ft (1000 kg/m?) 
Solids concentration C, = 50% 
Substituting into Eq. (C11.1), we get 
Density of slurry Pm = 93.6 Ib/ft} (1500 kg/m?) 


Example C11.3. A nuclear density meter gives a slurry specific gravity of 1.167 
for a coal-water slurry. If the specific gravity of coal is 1.4, find the weight percent 
coal in slurry. 

Solution 


Density of coal slurry pm = 1.167 x 62.4 lb/ft 
= 72.82 lb/ft’ (1167 kg/m?) 
Density of water p; = 62.4 1b/ft (1000 kg/m?) 
Density of coal o, = 1.4 x 62.41b/f? 
= 87.36 lb/ft (1400 kg/m?) 


Rearranging Eq. (C11.1), we get 


Cs = 10025 (Pm ay pi) 
Pm (Ps — pi) 
= 50% 


Slurry Rheology 


In the presence of subsieve particles (those smaller than 35 wm) and at relatively 
high concentrations, the slurry flow properties are governed by its rheology. Slurries 
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that do not contain particles smaller than 35 um or that are at low concentrations 
exhibit heterogeneous flow behavior. Heterogeneous flow properties are not gov- 
erned by slurry rheology. 

Rheology is the relationship between the shear stress and the corresponding 
rate of shear in a slurry under laminar-flow conditions. The friction loss in a pipeline 
depends upon the rheology of the slurry in homogeneous and intermediate flow 
regimes. In the case of pure liquids, the shear stress is directly proportional to the 
rate of shear in laminar flow. The proportionality constant is called the viscosity 
of the liquid. This type of flow behavior is called newtonian. Liquids containing 
long-chain polymers and finely ground solids exhibit a nonlinear relationship be- 
tween shear stress and the rate of shear under laminar-flow conditions. Such slurries 
are said to exhibit nonnewtonian flow properties. Depending upon the size distribu- 
tion of solids, slurry concentration, and interaction between solids and liquid, the 
slurry may have newtonian or nonnewtonian flow properties. 

Slurries containing nonflocculated particles generally exhibit newtonian flow 
behavior. Nonnewtonian flow behavior is generally encountered with flocculated 
suspensions. 

Some slurries require a certain minimum stress before flow starts. For example, 
fresh concrete does not flow over a chute until a certain slope is exceeded. The 
slurry is said to possess a yield stress which must be exceeded to initiate flow. 

The rheology of a newtonian fluid is expressed by its viscosity, which is the ratio 
of shear stress to the corresponding rate of shear. Two or more parameters are 
needed to describe the rheological properties of a nonnewtonian liquid. Bingham 
plastic, pseudoplastic, and yield pseudoplastic models are generally used to describe 
the flow behavior of slurries. The relationships between the shear stress and shear 
rate for these rheological models are as follows: 


Newtonian: 
T= ey (C11.2) 
Bingham plastic: 
T= FNF (C11.3) 
pseudoplastic: 
t=Ky" (C1 1.4) 
yield pseudoplastic: 
T=t+Ky" (C1 1.5) 


where 7 = shear stress, Ibf/ft? (Pa) 
7, = yield stress, Ibf/ft? (Pa) 
y = rate of shear (velocity gradient), 1/s 
u = newtonian viscosity, Ibf-s/ft? (Pa-s) 
n — flow behavior index 
K = consistency index, lbf-s"/ft? (Pa-s") 


Example C11.4. The following rheology test results were obtained for a sample 
of a mineral tailings slurry containing 50 percent solids by weight. 
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Rate of shear, 1/s 
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Shear stress 7, 
Ibf/ft? (Pa) 


amo Ty, 
Ibt/f? (Pa) 


0 0.1250 (6.000) 0.0000 (0.000) 
0.1 0.1256 (6.029) 0.0006 (0.029) 
1.0 0.1280 (6.144) 0.0030 (0.144) 
5.0 0.1343. (6.445) 0.0093 (0.445) 
10 0.1400 (6.718) 0.0150 (0.718) 
20 0.1494 (7.168) 0.0244 (1.168) 
40 0.1647 (7.900) 0.0397 (1.900) 
80 0.1895 (9.088) 0.0645 (3.088) 
100 0.2004 (9.610) 0.0754 (3.610) 
150 0.2250 (10.79) 0.1000 (4.79) 
200 0.2474 (11.86) 0.1224 (5.86) 
300 0.2876 (13.79) 0.1626 (7.79) 
400 0.3240 (15.53) 0.1990 (9.53) 
500 0.3575 (17.13) 0.2325 (11.13) 
600 0.3890 (18.64) 0.2640 (12.64) 
700 0.4190 (20.08) 0.2940 (14.08) 
800 0.4480 (21.47) 0.3230 (15.47) 


Solution. The shear stress at zero shear rate is 0.125 Ibf/ft?. The slurry yield 
stress is therefore 0.125 Ibf/ft? (6 Pa). Find the difference between the observed 
shear stress 7 and the yield stress 7, at each shear rate shown in the third column 
of the above table. 

A plot of 7 — r, versus shear rate on an arithmetic scale (Fig. C11.1) shows a 
nonlinear relationship. A similar plot on log-log scale (Fig. C11.2) shows a 
linear relationship (note that the data for zero shear rate is excluded). The value 
of 7 at a shear rate of 1 gives the value of K in Ibf-s"/ft’. (Pa-s"). The slope of the 
line gives the value of the flow behavior index n. The results from the graph are 


K = 0.003 lbf - s" /f^ (0.144 Pa - s") 
n —0.7 


Estimate of Slurry Rheology 


Correlations between slurry concentration and rheology of the slurry for newtonian 
and Bingham plastic slurries have been proposed by various investigators. These 
relationships may be used for preliminary estimates when rheology test results are 
not available. 

The viscosity of a slurry depends upon the volume fraction of solids in slurry. 
The volume fraction of solids is determined by using 


Pm 


C,20€, 
100p, 


(C11.6) 
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FIGURE C11.1 Plot of 7 — 7 y versus shear rate on an arithmetic scale. 
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FIGURE C11.2 Plot of 7 — 7 y versus shear rate on a logarithmic scale. 


where C, is the volume fraction of solids in slurry. The viscosity of slurries exhibiting 
newtonian behavior can be estimated by the correlation proposed by Thomas? 


where nm 
No 


Nm 


ny 


= 1 +2.5C, + 10.05C? + 0.00273e!59C. (C11.7) 


slurry viscosity 
suspending fluid viscosity 
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Chong et al." have proposed the following equation for concentrated suspensions 
of spherical particles: 


Nm C,/ Croo 
a0 = 140.75 e (C11.8) 
No 1— Cy/ Croo 


where C.o is the maximum packing concentration of the solids in slurry. Equation 
(C11.8) should be used for values of C, greater than 0.4. 

Gay et al." have proposed the following correlations for estimating the Bingham 
plastic viscosity and yield stress, based on their experimental data: 


C 0.48 C 
25+ (z “ne | - | (C11.9) 
voo V 


Croo 
d NR 
, = 200 C11.10 
5 (= = =) ( 1— z) Ü Far , 


where u = viscosity of suspending medium, Ibf-s/ft? (Pa-s) 
Nm = Bingham plastic viscosity of slurry, lbf-s/ft? (Pa:s) 
7, = yield stress of slurry, Ibf/ft? (Pa) 
d — geometric mean particle diameter, ft (m) 
é = particle shape factor, defined as ratio of surface area of sphere of equiva- 
lent volume to surface area of particle 
a; = geometric standard deviation of particle diameter 


Nm = H exp l 
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Homogeneous Flow 


The friction loss for a homogeneous slurry depends upon the rheological characteris- 
tics of the slurry. The flow through a pipeline can be laminar or turbulent depending 
upon the velocity of flow. For a nonsettling suspension such as sewage sludge or 
a highly concentrated coal-water fuel slurry, laminar flow may be encountered. 
Turbulent flow should be maintained when the suspension exhibits a settling ten- 
dency. It is, therefore, necessary to estimate the velocity at which transition from 
laminar to turbulent flow occurs. 


Transition Velocity 


The transition velocity is defined as the velocity below which laminar flow is encoun- 
tered. For a newtonian slurry, the transition velocity corresponds to a Reynolds 
number of 2000. The Reynolds number should be based on the viscosity of the slurry. 

For slurries exhibiting Bingham plastic rheology, the transition velocity is gov- 
erned by the Reynolds number as well as the Hedstrom number. The Reynolds 
number should be defined using the plastic viscosity. The critical Reynolds number 
corresponding to the transition velocity can be estimated from a knowledge of the 
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FIGURE C11.3 Laminar-turbulent transition Reynolds number Re, = 8pD"V?""[n/(2 + 6n)]"(K gà 
as a function of Hedstrom number He = [D’pz,(t,/K )”""?]/(K 7g.) for Bingham plastic slurries, where 
D = pipe ID (ft), V = velocity (ft/s), p = density (lb/ft), K = consistency (Ibf-s"/ft”), 7, = yield 
stress (lbf - /ft?), ge = 322 Ib-s/(Ibf- ft’). 


physical properties of the slurry and the pipe system from Fig. C11.3, proposed by 
Hanks and Pratt.” In this figure the Reynolds number Re and the Hedstrom number 
He are defined as follows: 


d 
Re = 22 (C11.11) 
n 
D?pr, 
He= (C11.12) 
nge 


where D = pipe inside diameter, ft (m) 
V = average flow velocity, ft/s (m/s) 
g: = dimension conversion factor = 32.2 Ibm-ft/(Ibf-s?) (1 for SI units) 
7 = Bingham plastic viscosity, Ibf-s/ft? (Pa-s) 
p = fluid density, lb/ft? (kg/m?) 
7, = yield stress, Ibf/ft? (Pa) 


For slurries exhibiting pseudoplastic rheology, the transition velocity is governed 
by the flow behavior index of the slurry. Figure C11.4 shows the variation of the 
transition critical Reynolds number with the flow behavior index n. Note that the 
Reynolds number for a pseudoplastic slurry is given by 


A n ; 1 
Re, = 8pD" V^" | ——— C11.13 
£i 5 (=) (zz) ( ) 
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FIGURE C11.4 Laminar-turbulent transition Reynolds number (Re,) as a function of flow behavior 
index, n for pseudoplastic slurries, where D = pipe ID (ft), V = velocity (ft/s), p = density (Ib/ 
f£), K = consistency (Ibf-s^ft?), ge = 322 lb-s/(Ibf-ft?). 


where K = consistency index, Ibf-s"/ft? (Pa:s") 
Re, = Reynolds number for pseudoplastic slurry 
n — flow behavior index 


For a yield pseudoplastic slurry, the generalized Reynolds number corresponding 
to the transition critical velocity can be estimated by using the following equations, 
proposed by Hanks and Ricks.” 


= 2x(1 — x) 2H 
6464n (2 + ny& miam 1+3n 1+ 2n | Tn 
(1 + 3n)" (1— xy 


Re = 


(C11.14) 


The value of x, which is the ratio of yield stress to wall shear stress, at the critical 
Reynolds number is obtained from the following equation: 


3232 y (2—n)/n 1 n 
He,, = ——(2 netic. oss EE C11.15 
Gp =e CE A-a = ( ) 


The Reynolds number Re; in Eq. (C11.14) is the same as that for a pseudoplastic 
in Eq. (C11.13). The Hedstrom number Hey is defined as follows: 


D?pr, (s ) 2/n—2 
He,, = ——.[-— (C11.16) 
yp K?g. K 
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For given slurry characteristics and pipe diameter, the Hedstrom number is com- 
puted by using Eq. (C11.16). This value of the Hedstrom number is used in Eq. 
(C11.15) to compute the value of x. This value is then used in Eq. (C11.14) to 
compute the critical Reynolds number. The corresponding transition velocity is 
calculated by using Eq. (C11.13). 

Figure C11.3 also shows the variation in critical Reynolds number with Hedstrom 
number for the yield pseudoplastic slurries. 


Example C11.5. Estimate the laminar-turbulent transition critical velocity for the 
slurry considered in Example C11.4 if the pipe inside diameter is 12 in and the 
solids specific gravity is 3.0. 

Solution. Given data: 


Pipe ID, D — 12in(0.3048 m) 
= Ift 
Yield stress of slurry = 0.125 lb/ft” (6 Pa) 
Slurry consistency k = 0.003 Ibf - s" /ft? (0.144 Pa - s") 
Solids specific gravity = 3.0 
Solids concentration Cy, = 50 
Computed results: 
Solids density p, = 3 x 62.4Ibm/ft? (3000 kg/m?) 
Liquid density p; = 62.4 Ibm/ft^ (1000 kg/m?) 
Substituting in Eq. (C11.1), we get 
Slurry density pm = 93.6Ibm/ft? (1500 kg/m?) 


Compute the Hedstrom number Hey, using Eq. (C11.16): 
Hey, = 9.9 x 10° 


From Fig. C11.3 find the critical Reynolds number corresponding to n = 0.7 and 
the computed value of the Hedstrom number. 


Rey, = 8850 
Next compute the laminar-turbulent transition velocity, using Eq. (C11.13): 


v = 3.58 ft/s(1.09 m/s) 


Friction Loss in Laminar Flow. For a homogeneous flow condition, the friction 
loss in a pipeline is estimated by using the following equation: 


2 
h=4f (5) = (C11.17) 
g 
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where D = pipe inside diameter, ft (m) 
L = pipe length, ft (m) 
V — velocity of flow, ft/s (m/s) 


f — friction factor 
h — friction loss, ft (m) of slurry head 


g — acceleration due to gravity, ft/s? (m/s?) 


The friction factor for a newtonian slurry is given by the following 


16 
EN C11.18 
Rc ( ) 
VD 
hess (C11.19) 
Tin gc 


where p = slurry density, Ibm/ft? (kg/m?) 
Nm = slurry viscosity Ibf-s/ft? (Pas) 
g: = 322 Ibm-ft/(Ibf-s? (1 for SI units) 
The laminar-flow friction factor for Bingham plastic slurries is given by 
fld n He He* 
16 Re 6Re>  3f3Re* 


(C11.20) 


The Reynolds number Re and the Hedstrom number He are given by Eqs. (C11.11) 
and (C11.12), respectively. 
The laminar-flow friction factor for a pseudoplastic slurry is given by Dodge 
and Metzner" as 
16 
ENL C11.21 
fou (C1121) 


where Re, is the generalized Reynolds number given by Eq. (C11.13). The laminar- 
flow friction factor for a slurry exhibiting yield pseudoplastic flow behavior is 


given by 
16 
(C11.22) 


a Re, V 


where the Reynolds number Re, is given by Eq. (C11.13). 
1-xp 2x(1— a i 
dcm s (C11.23) 
1+2n | tn 


w= n(] — l+n 


The value of the ratio x of the yield stress to wall shear stress is obtained from 
2 (2—n)/n 
n V 
) ( ) (C11.24) 


ae Hey ( a 
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FIGURE C11.5 Laminar flow function Y as a function of Hedstrom number He = [D? pr(t,/ 
Ky^7]/(K?9), for yield pseudoplastic slurries, where D = pipe ID (ft), V = velocity (ft/s), p = 
density (lb/ft), K = consistency (Ibf-s"/ft’), 7, = yield stress (Ibf/ft’), g. = 32.2 Ib-s/(Ibf-ft^). 


Figure C11.5 shows a plot of y as a function of the Hedstrom number for various 
values of the flow behavior index n. 

Stainsby and Chilton? have proposed a hybrid model incorporating yield pseu- 
doplastic behavior at low shear rates and Bingham plastic behavior at high shear 
rates. They claim that their model gives better correlations with pipeline friction 
loss data than those of other models. 


Example C11.6. Estimate the friction loss in a 12-in-ID (304.8-mm-ID) pipe at 
a velocity of 3 ft/s (0.914 m/s) for the slurry considered in Example C11.5. 
Given data: 


Pipe ID D = 1 ft (0.3048 m) 

Slurry density = 93.6 lbm/ft (1500 kg/m)? 

Velocity v = 3 ft/s (0.914 m/s) 

K (from Example C11.5) = 0.003 Ibf - s" /ft? (0.144 Pa - s") 
t, (from Example C11.5) = 0.125 Ibf/ft? (6 Pa) 

n (from Example C11.5) = 0.7 

g = 32.2 ft/s? (9.8 m/s)? 

Hey, (from Example C11.5) = 9.9 x 10° 
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Using Eq. (C11.13), find Re, — 7023. The Reynolds number is less than the 
critical Reynolds number. The flow is laminar. 


From Fig. C11.5, the value of ẹ is found to be 0.184. The friction factor 


16 
f = Y Rey, 


= 0.0124 


d Afv 
Friction loss per unit length — — 
29D 


= 6.92 x 10? ft/ft (m/m) 


Friction Loss in Turbulent Flow. The friction factor for newtonian liquids in a 
turbulent-flow regime is given by the Colebrook equation: 


b. ios eae cler pur eo (C11.25) 
Wy c oe 98 T XeRe/T i 


where e = the roughness of the pipe, ft (m). Figure C11.6 shows the friction factor 
as a function of Reynolds number with the relative roughness ¢/D as a parameter. 


Hanks and Dadia" have developed a friction factor- Reynolds number relation- 
ship for Bingham plastic liquids. This relationship was later modified by Hanks" 


0.10000 


0.02 
0.01000 ae 


Friction Factor, f 


Relative Roughness 


à 0.00005 
T : 0.000001 


SROGER 0.000005 
1 
| 
0.00100 ^ 


1.00E «03 1.00E«04 1.00E«05 1.00E+06 
Reynolds Number, Re=VDp/(umGe) 


1.00E«07 1.00E«08 


FIGURE CI11.6 Friction factor f as a function of Reynolds number for newtonian slurries, where 
D = pipe ID (ft), V = velocity (ft/s), r = density (Ib/ft*), u = viscosity (Ibf-s/ft), g. = 32.2 Ib-s/(Ibf-ft?). 
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FIGURE C11.7 Friction factor f as a function of Reynolds number for Bingham plastic slurries, 
Re = pDV/(ng.), He = D? pr,/(n9:), where D = pipe ID (ft), V = velocity (ft/s), p = density (Ib/ 
f£), n = viscosity (Ibf-s/ft^), 7, = yield stress (Ibf/ft?), g. = 32.2 Ib-s/(Ibf-ft). 


based on further analysis of their data. Figure C11.7 shows the friction factor- 
Reynolds number relationship for Bingham plastics. Note that for Hedstrom num- 
bers greater than 500,000, there is a long transition region between the laminar- 
turbulant transition critical Reynolds number and the Reynolds number at which 
the friction factor curve for Bingham plastics intersects the newtonian curve. The 
friction factor for Bingham plastic in this transition region is significantly greater 
than the newtonian friction factor. 

Dodge and Metzner" carried out a semitheoretical analysis of the turbulent flow 
of pseudoplastic liquids in smooth pipe. They proposed the following equation for 
the friction factor in turbulant flow: 


l 


4 ays 0.4 
FF = gen 08 Res £77) - 


ni2 


(C11.26) 


Figure C11.8 shows a plot of friction factor as a function of Reynolds number for 
various values of n based on Eq. (C11.26). 

Hanks and Ricks” have used the concept of mixing length in developing a semi- 
theoretical relationship between friction factor and Reynolds number for turbulent 
flow of pseudoplastics. This method was extended by Hanks” for estimating turbu- 
lent-flow friction factors for yield pseudoplastic fluids. Interested readers should 
refer to the referenced article for further details. 

Figure C11.9 presents the friction factor-Reynolds number relationship with 
Hedstrom number as a parameter for selected values of flow behavior index n. 

The following friction factor-Reynolds number relationship, developed by Tor- 
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FIGURE C11.8 Friction factor f as a function of Reynolds number for pseudoplastic slurries. 
Re, = 8pD'V?"(n/(2 + 6n)"/(Kg.) where D = pipe ID (ft), V = velocity (ft/s), p = density (Ib/ 
f£), K = consistency (Ibf-s"/f?), ge = 32.2 (Ib-s/(Ibf-ft’). 


rance,” is applicable to turbulent flow of newtonian, pseudoplastic, and Bingham 
plastic as well as yield pseudoplastic fluids in smooth pipes. 


1 2.69 4.53 4.53 0.68 
= 2.95 i| 1 ] Re, 2-n hire 
"7 a pipe og (1 — x) n og (Re, y f?) + r 
(C11.27) 
where 
8 Dp^y?-^ 
Ba c Re (C11.28) 
K (8^) 


Torrance has also extended his analysis to rough wall fully turbulent friction factor 
for nonnewtonian fluids and obtained the following relationship: 


l 4.071 P + 6.0 2) (C11.29) 
—— = 4.07 log — US 3 
Jf P3 n 


Wilson and Thomas? and Thomas and Wilson? have used a mixing-length ap- 
proach for the yield pseudoplastic fluids. Their model includes corrections to change 
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FIGURE C11.9a Friction factor f as a function of Reynolds number for yield pseudoplastic slurries 
for n = 0.7, He = [D?pz(t/K )^?]/(K?g), Re = 8pD'V?"[n/(2 + 6n)]"/(Kg.), where D = pipe ID 
(ft), V = velocity (ft/s), p = density (lb/ft), K = consistency (lbf - s"/ft?), 7, = yield stress (Ibf/ft?), 
gc = 322 Ib : s/(Ibf - ft’). 


the thickness of the viscous sublayer according to the rheology and a term to account 
for the central unsheared core. Their method has been shown to give fairly good 
agreement with experimental data. 

Stainsby and Chilton% have given a turbulent-flow friction factor correlation 
based on their model. 


Example C11.7. Estimate the friction loss in a 12-in-ID (0.3048-m-ID) pipe at a 
velocity of 5 ft/s (1.52 m/s) for the slurry considered in Example C11.5. Since the 
velocity of flow is greater than the transition velocity (see Example C11.5), the flow 
will be turbulent. Find the Reynolds number corresponding to the given velocity, 
using the slurry rheological data given in Example C11.5. 


Re, — 13,644 
The Hedstrom number from Example C11.5 is 9.9 x 10°. Using Fig. C11.9c, find 


the friction factor f = 0.008. Substituting the values of D, V, f, and g in Eq. (C11.17), 
find the head loss per unit length of pipe: 


Head loss — 0.0124 ft (m) slurry/ft (m) pipe 


Heterogeneous Flow 


Fluid turbulence is needed to maintain particles in suspension or motion in a 
horizontal pipe carrying setting suspension. At low velocities, particles settle and 
form a stationary bed on the bottom of a horizontal pipe. 
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FIGURE C11.9b Friction factor f as a function of Reynolds number for yield pseudoplastic slurries 
for n = 0.5, He = [D?ps,(t/K?^7?]/(K?g), Re = 8gD'V?"[n/(2 + 6n)|/(Kg). where D = pipe ID 
(ft), V = velocity (ft/s), p = density (lb/ft), K = consistency (lbf - s"/ft?), 7, = yield stress (Ibf/ft?), 
9. = 322 (Ib - s/(Ibf - ft’). 


Deposition Velocity. The velocity below which bed deposits form is called the 
deposition velocity. Operating the pipeline at or below the deposition velocity for 
prolonged time could result in a pipeline blockage. The minimum operating velocity 
in a slurry pipeline should be kept greater than the deposition velocity, to prevent 
pipeline blockages. 

A number of empirical correlations have been proposed for estimating the 
deposition velocity. For uniform-size particles, the Durand? correlation, given as 
follows, is widely used: 


Vp = Fi /2gD(s — 1) (C11.30) 


The value of F, in Durand's correlation can be obtained from Fig. C11.10. In Eq. 
(C11. 30). 


D = pipe ID, ft (m) 


Vp = deposition velocity, ft/s (m/s) 


g = acceleration due to gravity, ft/s? (m/s?) 


s = solids specific gravity 


Zandi and Govatos,” Wasp et al." and Graf et al? have proposed minor modifica- 
tions of Durand's correlation based on additional data. 
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FIGURE C11.9c Friction factor f as a function of Reynolds number for yield pseudoplastic slurries 
for n = 03, He = [D’pz,(t,/K ^?]/(K?g., Re = 8gD'V?"[n/(2 + 6n)]"/(Kg.), where D = pipe ID 
(ft), V = velocity (ft/s), p = density (lb/ft), K = consistency (lbf - s"/ft?), 7, = yield stress (Ibf/ft?), 
9. = 322 (lb - s/(lbf - ft’). 


Most industrial applications involve nonuniform-size particles. Pilot plant test 
results or prior experience with similar material is generally used for estimating 


deposition velocity for nonuniform-size particles. 
Oroskar and Turian” have developed a semiempirical correlation which can be 


used for nonuniform-size particles. Their correlation is as follows: 


—~1 1/8 8/15 
Vp = seva yy" (D) | 288 2] (z) v/sd(s — 1) 


(C11.31) 


where Vp = deposition velocity, ft/s (m/s) 

= function of V/Vp, as shown in Fig. C11.11 

— mean diameter of particles, ft (m) 

settling velocity of solid particle in slurry, ft/s (m/s) 

— hindered settling velocity exponent as a function of particle Reynolds 
number, shown in Fig. C11.12 

W, — settling velocity of solid particle in clear water of infinite extent, ft/s 

(m/s) 
u = viscosity of water, Ibf-s/ft? (Pa:s) 
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FIGURE C11.10 Durand coefficient F, as a function of particle size where Vp = F, 
V29D (s — 1), where Vp = deposition velocity (ft/s), D = pipe ID (ft), g = 32.2 ft/s’, s = solids 
specific gravity. 


The settling velocity W, of a single particle in a fluid is given as 


2 4gd(ps — pi) 


ws 3C poi (C11.32) 
where Cp = drag coefficient 
d = particle diameter, ft (m) 
g = acceleration due to gravity, 32.2 ft/s’ (9.81 m/s’) 
p; = density of solid particle, Ibm/f? (kg/m?) 
pi = density of liquid, Ibm/ft? (kg/m?) 
W, — settling velocity, ft/s (m/s) 
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FIGURE C11.11 Function Z as a function of w/w, for use in Eq. (C11.31), where w = hindered 
settling velocity of solid particle in slurry (ft/s), and w, — settling velocity of single particle in 
suspending liquid (ft/s). 


The drag coefficient of spherical particles depends upon the particle Reynolds 
number Rey. 
For Re, « 0.1, the drag coefficient, Cp is given by 


Cp = 24/Re, (C11.33) 
where 
dpWo 
Rew = (C11.34) 
HSc 


and mw = viscosity of liquid, Ibf-s/ft? (Pa-s). The value of Cp equals 0.4 for a particle 
Reynolds number greater than 1000. Figure C11.13 shows variation in the drag 
coefficient with particle Reynolds number for spherical particles. 

Use of Cy Re,’ instead of Cy enables determination of the particle Reynolds 
number from a plot of Cp Re,” versus Rey, shown in Fig. C11.13. 


Agd? (ps — pi) 


CpRe?, = 
Dew 32g? 


(C11.35) 
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FIGURE C11.12 Hindered settling velocity exponent m as a function of particle Reynolds number 
Re, = døWo/ (u9), where d = particle diameter (ft), W, = particle settling velocity (ft/s), p, = liquid 
density (lb/ft), u = viscosity of fluid (Ib-s/ft), g = 32.2 lb-s/(Ibf-ft). 


The drag coefficient is larger for a nonspherical particle than for a spherical particle 
of the same diameter. Experimental data on settling velocity as a function of particle 
diameter may be used to establish the relationship between Cp and Rey. 

The settling velocity of a solid particle in slurry (hindered settling velocity) is 
given by 


w=w,(1—C,)" (C11.36) 


where the exponent m varies with the particle Reynolds number, as shown in 
Fig. C11.12. 

Wilson?! has developed a semitheoretical analysis for heterogeneous slurries. 
He has presented nomographs for estimating the deposition velocity for particles 
larger than 0.15 mm in diameter. 


Example C11.8. | Estimate the deposition velocity for a sand-water slurry in a 12- 
in (0.3048-m) ID pipeline. The sand particle diameter is 0.2 mm, and its specific 
gravity is 2.65. The slurry concentration is 31.9 percent solids. 

Solution. Using Eq. (C11.1), we find the slurry density, pm = 77.9 1b/f (1248 
kg/m?). Using Eq. (C11.6), we find the volume fraction of solids C, — 0.15. From 
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FIGURE C11.13 Drag coefficient Cp of spherical particles settling in liquid. Cp = 49d(p, — p)/ 
[BW p], where d = particle diameter (ft), w, = settling velocity (ft/s), g = acceleration due to 
gravity (32.2 ft/s’), p, = particle density (lb/ft), p, = liquid density (Ib/ft^). 


Fig. C11.10, we find the value of F, equal to 1.3 based on a particle diameter equal 
to 0.2 mm and C, equal to 0.15. In Eq. (C11.30) we substitute the following values 
to compute the deposition velocity V p: 


Fr, = 13 D = 1 ft (0.3048 m) g = 32.2 ft/s” (9.8 m/s’) S = 2.65 
Vp = 13.4 ft/s (4.08 m/s) 


Example C11.9. Estimate the deposition velocity for a coal-water slurry having 
a mean particle diameter equal to 0.01 in (0.0254 mm) in a 12-in (0.3038-m) pipe. 
The volume fraction of coal in the slurry is 0.4, and the specific gravity of coal is 
1.4. The viscosity of water is 2.1 X 10? Ibf-s/ft? (1.0 m-Pa:s). 

We are given 


d = 0.01 in (0.254 mm) 
= 8.33 x 107^ ft (2.54 x 107^ m) 
p = 6241b/f? (1000 kg/m?) 
p, = 87.361b/fP (1400kg/m?) 
u = 2.1 x 107 lbf - s/ft (0.001 Pa) 
gc = 32.2]bm - ft/(Ibf - s?) (1 in SI units) 


SLURRY AND SLUDGE PIPING C.593 


Thus 
CpRe? — 84.5 


From Fig. C11.13, Re, — 2.7. Using Eq. (C11.32), we find w, equal to 0.035 ft/s 
(0.0107 m/s). Next we find the hindered settling velocity exponent m from Fig. 
C11.12: m = 2.8. 

Now we compute the hindered settling velocity, using Eq. (C11.36): 


w — 0.0084 ft/s (0.0026 m/s) 
The ratio W/W, = 0.24. From Fig. C11.11, we find z equal to 0.98. Next we compute 
the deposition velocity, using Eq. (C11.31). 
Vp = 3.5 ft/s (1.07 m/s) 
Friction Loss for Heterogeneous Flow-Horizontal Pipes. The formula proposed 
by Durand,” Eq. (C11.37), is widely used for graded solids. The formula is based 


on sand-and-gravel slurries with particle sizes ranging from 0.2 to 25 mm, pipe 
diameters from 38 to 580 mm, and solids concentrations up to 60 percent by volume. 


pe en (an al a 
Cu (s— DgD 


(C11.37) 


where i — friction loss for slurry, ft (m) water per ft (m) 
i, — friction loss for water, ft (m) water per ft (m) at same velocity 
Cp = drag coefficient of suspended solid particle settling in fluid of infinite 
extent 
S — specific gravity of solid particles 


Zandi and Govatos? concluded from an examination of 2549 data points that 
Durand's formula predicted the observed head losses fairly well once the saltation 
data were separated from the heterogeneous flow data. Turian and Yuan™ have 
divided the available data into heterogeneous flow, saltation flow, and flow with 
stationary bed and have developed correlations applicable to each individual type 
of flow. Their correlations fit the available data better than Durand's correlation. 

In Eq. (C11.37), the difference i — i, represents an increase in pressure drop 
due to the presence of solids in the slurry. The effect of particle size on slurry 
pressure drop is accounted for by the inclusion of the drag coefficient Cp. 

In most industrial applications, the particle size is not uniform. A mean value 
of Cp is developed in Eq. (C11.37) to account for actual size variations. Equation 
(C11.37) can be written as follows: 


TZ y2 —1.5 
gcc aep” (C11.38) 
iy — — (6—DgD FP 
i—iw ys ae 
“= 81 | —— Crah C11.39 
iw Fes] 3 is ) 


where C,; = volume fraction of solids having size d; 
d, = particle size of ith fraction 
Cp; = drag coefficient of particle having size d; 
N = total number of size fractions into which given particle size distribution 
is divided 
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TABLE C11.2 Tyler Screen Sizes 


Sieve designation 


Sieve opening 


Nominal wire diameter 


Standard 


Alternate 


in (approx.) 


in (approx.) 


Tyler 
equivalent 
designation 


107.6 mm 
101.6 mm 
90.5 mm 
76.1 mm 
64.0 mm 


4.24 in 
4 in 
3.5 in 
3 in 
2.5 in 


4.24 
4.00 
3.50 
3.00 
2.50 


0.2520 
0.2480 
0.2394 
0.2283 
0.2165 


53.8 mm 
50.8 mm 
45.3 mm 
38.1 mm 
32.0 mm 


2.12 
2.00 
134 in 
1¥% in 
1% in 


2.12 
2.00 
1.75 
1.50 
1.25 


0.2028 
0.1988 
0.1909 
0.1807 
0.1665 


26.9 mm 
25.4 mm 
22.6 mm 
19.0 mm 
16.0 mm 


1.06 in 
1.00 in 
7$ in 
34 in 
95 in 


1.06 
1.00 
0.875 
0.750 
0.625 


0.1535 
0.1496 
0.1378 
0.1299 
0.1181 


1.050 in 


0.883 in 
0.742 in 
0.624 in 


13.5 mm 

12.7 mm 

11.2 mm 
9.51 mm 
8.00 mm 


0.530 in 
loin 
"Ae in 
95 in 
54e in 


0.530 
0.500 
0.438 
0.375 
0.312 


0.1083 
0.1051 
0.0965 
0.0894 
0.0815 


0.525 in 


0.441 in 
0.371 in 
2% mesh 


6.73 mm 
6.35 mm 
5.66 mm 
4.76 mm 
4.00 mm 


0.265 in 
Y in 

No. 3% in 
No. 

No. 


0.265 
0.250 
0.223 
0.187 
0.157 


0.0736 
0.0717 
0.0661 
0.0606 
0.0539 


3.36 mm 
2.83 mm 
2.38 mm 
2.00 mm 
1.68 mm 


No. 
No. 
No. 
No. 
No. 


0.132 
0.111 
0.0937 
0.0787 
0.0661 


0.0484 
0.0430 
0.0394 
0.0354 
0.0319 


1.41 mm 

1.19 mm 

1.00 mm 
841 um 
707 um 


No. 
No. 
No. 
No. 
No. 


0.0555 
0.0469 
0.0394 
0.0331 
0.0278 


0.0285 
0.0256 
0.0228 
0.0201 
0.0177 


595 um 
500 um 
420 um 
354 um 
297 um 


No. 
No. 
No. 
No. 
No. 


0.0234 
0.0197 
0.0165 
0.0139 
0.0117 


0.0154 
0.0134 
0.0114 
0.0097 
0.0085 
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TABLE C11.2 Tyler Screen Sizes (Continued) 


Sieve designation Sieve opening Nominal wire diameter Tyler 
equivalent 
Standard | Alternate in (approx.) in (approx.) | designation 


250 um No. 60 0.0098 0.0071 65 
210 um No. 70 0.0083 0.0060 80 
177 um No. 80 0.0070 0.0052 100 
149 um No. 100 0.0059 0.0043 115 
125 um No. 120 0.0049 0.0036 150 


105 um No. 140 0.0041 0.0030 170 
88 wm No. 170 0.0035 0.0025 200 
74 um No. 200 0.0029 0.0021 250 
63 um No. 230 0.0025 0.0017 270 
53 um No. 270 0.0021 0.0015 325 


44 um . 325 0.0017 0.0012 400 
37 um . 400 0.0015 0.0010 


Note that the particle size distribution is determined by screen analysis. Tyler mesh 
screens are widely used. The diameter of openings for Tyler screens is given in 
Table C112. 


Example C11.10. Estimate the friction loss for a coal-water slurry in a 12-in-ID 
(0.3048-m-ID) pipe at a velocity of 8 ft/s (2.44 m/s) based on the following data: 


Coal specific gravity 1.4 

Volume fraction of coal in slurry 0.2 

Pipe roughness 0.002 in (0.05 mm) 

Viscosity of water 2.1 X 10? Ibf-s/ft? (1 m-Pa:s) 


The particle size distribution is as follows: 


Diameter, in (mm) Weight 96 


0.24 (6.1) 10 
0.12 (3.05) 40 
0.06 (1.52) 40 
0.03 (0.76) 10 


Solution. Find the drag coefficient of particles of individual size fraction. 


Particle diameter 


dis ft (m) Cp Rey i Rei Cpi 
0.02 (0.0061) 1.17 x 10° 1710 0.4 
0.01 — (0.00305) 1.46 x 10 520 0.54 
0.005 (0.00152) 1.83 x 10* 145 0.87 


0.0025 (0.00076) 2.29 x 10 36 1.76 
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Now, 
ECCh?” = 0.269 


Next we find the friction loss i, for water. The Reynolds number for water is 
2.38 X 10". And relative roughness of pipe = 0.0002/12 = 0.000167. From Fig. 
C11.6, f — 0.00325. Next we find 
. y? 
ly = 4 f — 
2gD 


— 0.0129 ft/ft 


Using Eq. (C11.39), we get 


Thus, 
Friction loss for slurry i = (1 + 1.97), 
= 0.0383 ft water/ft 


Friction Loss for Saltation Flow-Horizontal Pipes. At low velocities or with 
particles having large settling velocities, flow with a moving bed or saltating particles 
may arise. 

The saltation flow regime is encountered when N, is less than 40. 


V2JC 
Nee D 


= ——————— (C11.40) 
Cg D(s — 1) 


Newitt et al. have developed the following formula based on their experiments: 
b— iw 
iC, 


= sD 4 
Babcock? has proposed the following formula based on his tests: 


LE TC Ca 
= OVS 
n6, v2 


i 


(C11.42) 


Friction Loss for Intermediate Regime. Most of the formulas for heterogeneous 
flow and saltation regime are applicable to uniform particles. For a mixture of two 
or more size fractions, it is necessary to determine an average particle diameter 
for use in various formulas. Use of a weighted-average diameter or drag coefficient 
was illustrated in the previous section. 

For slurries containing finely ground particles, a better approach is to divide 
solid particles into a fraction that is carried in homogeneous flow and a fraction 
that is carried in heterogeneous or saltation regimes. The friction losses for each 
fraction are computed separately, using appropriate formulas, and then added to 
obtain the total slurry friction loss. This approach also allows the use of nonnewton- 
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ian flow properties of the slurry in computing homogeneous friction loss. Wasp et 
al." have successfully used this approach for correlating coal slurry data. 
The method of Wasp et aL? is an iterative procedure which works as follows: 


1. Divide the total size fraction into a heterogeneous part and a homogeneous 
part, using the following formula: 


C w 
logo = 1.8( ) (C11.43) 
CA 


Pku* 


where C — volume fraction of solids at 0.98D from bottom 
C, — volume fraction of solids at pipe axis 
u* = V 1,9/p = friction velocity, ft/s (m/s) 
W — settling velocity of particles, ft/s (m/s) 
B = ratio of mass-transfer coefficient to momentum-transfer coefficient 
(about 1) 
« = Von Karman constant = 0.4 


It is assumed that for each size fraction, the fraction C/C, is homogeneously distrib- 
uted and that the remainder is heterogeneously distributed. At the start of the 
iteration, the slurry may be assumed to be homogeneous to compute the initial 
value of the wall shear stress. 


2. Compute the friction losses for the homogeneous part, using the rheological 
properties of the slurry. Compute the friction loss for the heterogeneous part, using 
Durand’s formula [Eq. (C11.38)]. The sum of the two parts gives an initial estimate 
of the slurry friction losses. 


3. Determine the C/C, values of each size fraction based on the value of friction 
loss estimated in step 2. 


4. Based on these new values of C/C,, determine the fraction of solids in the 
homogeneous phase and in the heterogeneous phase. 


5. Recompute the friction loss for slurry as in step 2. This provides a new estimate 
of slurry friction losses. The iteration is continued until the new estimate closely 
agrees with the previous estimate. The computational procedure is suitable for 
analysis using a digital computer. 


Lazarus? has described a method of estimating friction loss as well as determining 
whether a sliding or stationary bed of solids exists for slurries containing a mixture 
of coarse and fine particles. 

Wilson and coworkers” have developed a mechanistic approach for estimating 
deposition velocity and friction losses for mixtures of fine and coarse slurries. Gillis 
et al." have described a method of estimating friction losses for such slurries based 
on Wilson's mechanistic approach. 


Friction Loss in Vertical Pipes. In vertical pipe flow, there is an absence of a 
concentration gradient. The slurry flow may be treated as homogeneous flow. For 
coarse particles, the friction loss for slurry has been found to be the same as that 
for water at the same velocity. With fine particles, the viscosity of the slurry should 
be considered in computing the friction losses. The friction factor for slurry is 
estimated using the equations presented earlier. 
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Friction Losses in Inclined Pipes. Worster and Denny? have proposed the follow- 
ing equation relating the friction loss for inclined pipes with that for horizontal 
pipe for heterogeneous slurries: 


ig = i, + (i — i) cosO (C11.44) 


where i, — friction loss in inclined pipe 
0 — angle of inclination of pipe from horizontal 


This equation suggests that the friction losses in an inclined pipe are the same 
with both up- and downflow and that they are smaller than those in a horizontal pipe. 

Experimental evidence presented by Kao and Hwang? shows that the friction 
losses in an inclined pipe with upflow first increase and then decrease after the 
angle reaches a certain magnitude. In the case of downflow, the friction losses are 
less than those for horizontal pipe flow. 


Friction Losses in Pipe Fittings. Turian et al.“ have shown that the friction loss 


in fittings can be approximated by using the relations for single-phase newtonian 
fluid provided that the density of the liquid is set equal to that of the slurry. 


DESIGN FEATURES 


System Components 


Figure C11.14 shows a sketch of a slurry pipeline system. It includes a slurry 
preparation plant, pipeline, pump stations, and slurry receiving terminal. 
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FIGURE C11.14 Sketch of a slurry pipeline system. 
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«— — 6.1 m (20 ft) 


eeu 1.5 m (5 ft) 


45.7 m (150 ft) 
FIGURE C11.15 Sketch of pumping system for Example C11.10. 


Slurry handling operations in a preparation plant may involve pipelining of slurry 
from one processing unit to another. Example C11.11 illustrates the design of such 
a piping system. 


Example C11.11. Determine the pipe size and pumping requirements for the 
slurry piping system schematically shown in Fig. C11.15. The design basis for the 
system is as follows: 


Maximum flow rate 2000 gpm (455 m?/h) 
Minimum flow rate 1000 gpm (227.5 m?/h) 
Slurry concentration, wt% 50 

Specific gravity of solids 3.0 

Slurry specific gravity 1.5 


Estimated deposition velocity in 12-in (0.3048-m) pipe is 4.0 ft/s (1.22 m/s). The 
average value of Cp for use in Eq. (C11.37) is 50. Viscosity of water = 1 m-Pa:s 
(2 X 10? Ibf-s/ft”). Use steel pipe with a roughness of 4.57 X 10^? m (0.00015 ft). 

Solution. Assuming that the deposition velocity varies as the square root of 
the pipe inside diameter [refer to Eq. (C11.30)], estimate the pipe diameter that 
will give a velocity greater than the deposition velocity at the minimum flow rate 
of 1000 gpm (227.5 m?/h). 


Minimum flow = 1000 gpm (227.5 m? /h) 
= 2.23 ft /s (0.063 m? /s) 
Let D — pipe ID, ft (m) 


Deposition velocity = 4D? ft/s 


Let the velocity at the minimum flow rate be 1 ft/s (0.3 m/s) above the estimated 
deposition velocity. 
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Thus, 


(1 /4)D? — 
D = 0.79 ft (0.241 m) 


Try 10.75-in (273-mm) outside-diameter pipe with 0.25-in (6.4-mm) wall thickness 
and 0.375-in (9.5-mm) thick rubber lining. 


Pipe ID = 10.75 — 2(0.25 + 0.375) 
= 9.5in 
= 0.79 ft (0.241 m) 


The computations of friction loss and pumping head requirement are summarized 
in Table C11.3. 


Pipe Wall Thickness 


The pipe wall thickness must be sufficient to withstand the expected maximum 
pressure in the pipe and expected corrosion-erosion effects on the pipe wall during 
the intended operating lifetime. Most pipelines are designed to have a service life 
of at least 10 years. An example based on the ASME B31.11 Code, with enhance- 
ments based on typical service conditions, follows: 

The pipe wall thickness is computed by using the following equation: 


QE. (C11.45) 


where t — pipe wall thickness, in (mm) 
p = maximum design pressure in pipe, psi (Pa) 
S — maximum allowable design stress, psi (Pa) 
c = allowance for corrosion-erosion, inch (mm) 


The maximum allowable pipe stress is given as follows, per ASME B31.11: 


S — 0.8E x specified minimum yield strength of pipe 
where E = weld joint factor, as summarized in Table C11.4. 


Example C11.12. Determine the wall thickness required at point A in the pipeline 
shown in Fig. C11.16. A 12-in (324-mm) steel pipe is used. The pipe is manufactured 
in accordance with API 5LX. The minimum yield strength of the pipe is 52,000 psi 
(358.5 MPa). The design hydraulic gradient is shown in Fig. C11.16. The design 
head at point A is 800 ft (244 m). The slurry specific gravity is 1.5. The metal loss 
due to corrosion-erosion is estimated to be 4 mils/yr (0.1 mm/yr), and the design 
life of the pipeline is 25 yr. 
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Solution. Maximum design pressure at A 
Maximum design pressure at À — 800 ft slurry 
800 x 1.5 
23lpsi. 
= 520 psi (3589 kPa) 


Maximum allowable stress = 0.8 x minimum yield strength of pipe steel 
= 0.8 x 52,000 psi 
= 4160 psi (286.8 MPa) 


Corrosion allowance C = 0.004 x 25 in 


= 0.1 in (2.5 mm) 


D 
Wall thickness t = E Tc 
2S 


.. 4160(2.75) 
~ 2(4160) 
= 0.18 in (4.53 mm) 


+0.1 


The next-higher commercially available pipe wall thickness is 0.188 in (4.78 mm). 


Corrosion-Erosion Control 


In a slurry pipeline, metal loss is expected to be a result of corrosion with possible 
erosion of the corrosion products taking place simultaneously. Under some condi- 
tions, mechanical abrasion will play a part in producing the metal loss. 

Erosive wear (abrasive) is governed by the size, shape, and angularity of the 
solids, slurry concentration, and velocity of flow. In a slurry pipeline, these parame- 
ters are interdependent to some extent. For example, use of large solids requires 
an increase in minimum transportation velocity. It has been found that above some 
critical velocity, the abrasive wear increases as the cube of slurry velocity. Wear 
also increases as the size of the solid particles increases. Thus, by reducing the size 
of the solids, the abrasive wear can be substantially reduced due to the combination 
of lower required velocity and reduction in wear due to smaller particle size. The 
effect of slurry concentration on the abrasive wear is more complicated. 

From experience, it has been found that the metal loss due to abrasion is insignifi- 
cant if the velocity of flow is less than about 10 ft/s (3 m/s). For long-distance slurry 
pipelines, velocities in the range of 4 to 6 ft/s (1.2 to 1.8 m/s) result in an optimum 
design from the standpoint of economics. Thus, when possible, a particle size should 
be selected so that the slurry is nearly homogeneously suspended at velocities of 
4 to 6 ft/s (1.2 to 1.8 m/s). 

Corrosion can be controlled by passivating either the anodic or the cathodic 
reaction at the pipe wall. Elimination of dissolved oxygen and the adjustment of 
slurry pH can reduce the corrosion rate substantially.* In most long-distance slurry 
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TABLE C11.3 Summary of Hydraulic Computations 


Item 


Min. flow 


Max. flow 


Min. flow 


Max. flow 


Metric 


Metric 


U.S. Units 


U.S. Units 


Remarks 


m. 


. Flow rate, f?/s (m*/s) 


0.095 


0.126 


3.34 


4.45 


Given 


. Velocity, ft/s (m/s) 


2.1 


2.8 


6.8 


9.1 


Flow/area 


. Solids specific gravity 


3.00 


3.00 


3.00 


3.00 


Given 


. Volume fraction of solids Cu 


0.25 


0.25 


0.25 


0.25 


Use Eq. (C11.6) 


. V2/[2gD(s — 1)CD1/2] 


6.45 


11.46 


6.45 


11.46 


(i — iw)/iw 


1.24 


0.52 


1.24 


0.52 


Use Eq. (C11.37) 


. Viscosity of water, Ibf.s/f? (Pa-s) 


9.58E-04 


9.58E-04 


2.00E-05 


2.00E-05 


Given 


. Density of water, lb/ft? (kg/m?) 


1000 


1000 


62.4 


62.4 


Given 


2 
3 
4 
5 
6. 
7 
8 
9 


. Reynolds no. for water 


5.22E + 05 


6.95E + 05 


5.22E + 05 


6.95E + 05 


e 
e 


. Relative roughness of pipe 


0.00019 


0.00019 


0.00019 


0.00019 


Roughness/pipe ID 


nO 
[um 


. Friction factor for water 


0.00384 


0.00375 


0.00384 


0.00375 


From Fig. C11.6 


m. 
N 


. Friction loss for water, ft/ft (m/m) 


0.0140 


0.0243 


0.0140 


0.0243 


Use Eq. (C11.17) 
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TABLE C11.3 Summary of Hydraulic Computations (Continued) 


13. Friction loss for slurry: 
(a) Horizontal pipe: ft(m) water/ft (m) 0.0314 0.0370 0.0313 0.00370 Use Eq. (C11.37) 
ft (m) slurry/ft (m) 0.0209 0.0247 0.0209 0.0247 ft slurry — ft water/slurry sp. gr. 
(b) Vertical pipe: ft (m) slurry/ft (m) 0.0140 0.0243 0.0140 0.0243 Same as water 
14. Length of horizontal pipe, ft (m) 45.7 45.7 150 150 
15. Length of vertical pipe, ft (m) 9.1 9.1 30 30 
16. Friction loss, ft (m) slurry 
(a) Horizontal pipe, ft (m) slurry 0.96 1.13 3.13 3.70 Given 
(b) Vertical pipe, ft (m) slurry 0.13 0.22 0.42 0.73 Given 
17. Head loss through three valves, ft (m) 0.11 0.20 0.37 0.66 3 x V/(2g) X K valve 
18. Head loss through four bends, ft (m) 0.40 0.71 1.31 2.33 4 X V/(2g) X K bends 
19. Total head loss, ft (m) slurry 1.60 2.26 5.23 7.42 Sum of 16 (a), 16 (b), 17, and 18 
20. Static head, ft (m) slurry 6.10 6.10 20 20 Elevation (outlet — inlet) 
. Total pumping head ft (m) slurry 7.69 8.36 25.23 27.42 Sum of 19 and 20 
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TABLE C11.4 Weld Joint Factor 


Weld joint factor 


Specification Pipe mfd. Pipe mfd. 
no. Pipe type* before 1959 after 1959 


ASTM A 53 Seamless 1.00 1.00 
Electric resistance-welded 0.85+ 1.00 
Furnace lap-welded 0.80 0.80 
Furnace butt-welded 0.60 


Seamless 1.00 1.00 


Electric fusion (arc) welded, 0.80 0.80 
single- or double-pass 


Electric resistance-welded 0.85+ 1.00 


Electric fusion-welded, 0.80 0.80 
double-submerged arc-welded 


Electric fusion-welded 0.90 1.00 


Electric fusion-welded, 1.001 
double-submerged arc-welded 


Electric fusion-welded 1.00 
Seamless 1.00 
Electric resistance-welded 1.00 
Electric flash-welded 1.00 
Electric induction-welded 1.00 
Submerged arc-welded 1.00 
Furnace lap-welded 0.808 
Furnace butt-welded 0.60 


* Definitions for the various pipe types (weld joints) are given in paragraph 1100.2 of ASME B31.11 
Code. 
t A weld joint factor of 1.0 may be used for electric resistance-welded or electric flash-welded pipe 
manufactured prior to 1959 where 
1. Pipe furnished under this classification has been subjected to supplemental tests and/or heat treatment 
as agreed to by the purchaser, and such supplemental tests and/or heat treatment demonstrates the 
strength characteristics of the weld to be equal to the minimum tensile strength specified for the 
pipe; or 
2. Pipe has been tested as required for a new pipeline in accordance with paragraph 1137.4.1 of the 
ASME B31.11 Code. 
+ For classes and grades that have been hydrostatically and nondestructively tested to specification re- 
quirements. 
$ Manufacture was discontinued and process deleted from API 5L in 1962. 


pipelines carrying mineral concentrate, the slurry pH is adjusted to 9.0 or higher, 
using lime to reduce the corrosion rate. 


Slack Flow and Its Control 


Slack flow occurs when the available static head between the discharge point of 
the pipeline and a given point in the pipeline exceeds the friction loss between 
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FIGURE C11.16 Pipeline profile and hydraulic gradient showing design gradient, batch gradient, 
and slack flow area. 


those points at a given flow rate. It usually occurs just downstream of peaks where 
the hydraulic gradient intersects the ground profile. For example, Fig. C11.16 shows 
slack flow area. 

In slack flow areas, the velocity of flow is governed by the pipe slope. The 
velocity in the slack flow area is higher than that in the fully packed pipe section. 
The section of pipe which flows full and is under pressure is called fully packed. 
In slack flow sections the pipe flows partly full, and pressure generally drops below 
atmospheric. Erosion takes place in the slack flow area owing to higher flow velocity 
as well as possible cavitation at the point where the pipeline changes from slack 
flow to a packed flow condition. 

Because of the higher density of slurry compared to water, slack flow can occur 
when water is displaced by slurry. For example, Derammelaere and Chapman? 
have described the development of slack flow in the Samarco iron concentrate 
pipeline during operation of the pipeline in batch mode. This is illustrated in Fig. 


C.606 PIPING SYSTEMS 


C11.16, where the hydraulic gradients for pipe full of slurry as well as for batch 
operation are shown. 

Slack flow can be avoided by using a smaller-diameter pipe section or orifice 
chokes. The velocity of flow in the smaller-diameter pipe should not exceed about 
10 ft/s (3 m/s); otherwise, erosion may occur. Either orifice chokes or a combination 
of orifice chokes and smaller-diameter pipe may be used to achieve flexibility 
and economy. 


Storage 


It is very seldom that the flow of solids in a slurry pipeline matches its rate of 
production at the mine site or its rate of utilization at the terminal facility. To 
provide means by which the pipeline can operate efficiently by transporting solids 
in a nearly continuous fashion, storage facilities are required at both ends of the 
line. The type and amount of storage are determined by the specific system operating 
parameters as well as the characteristics of the material being transported. 


Tanks 


For live slurry storage at the head and tail ends of a long-distance pipeline system, 
agitated tanks are typically utilized. The number and size to be used are determined 
by comparing the plant and pipeline availabilities in addition to normal engineering 
criteria such as allowable soil loadings and an economic analysis of available sizes. 
If the pipeline is to be operated in batch mode, for the first few years of operation, 
because of low throughput requirements, the size of the tanks may be determined 
by the minimum batch length chosen for the system. This in turn is a function of 
pipeline length. 

Agitated storage may also be required at intermediate pump stations. The pur- 
pose would be to facilitate pipeline section reconnection during restart operations 
as well as hold slurry which has been flushed from station piping during pump 
change-out. 


Ponds 


Ponds are utilized for the storage of high volumes of solids over intermediate to 
long periods. Ponds are generally used when the storage requirement exceeds 24 
h of pipeline flow. Their prime advantage is that no energy is required to maintain 
continuous suspension of the solids. 

Slurry storage ponds can be classified into two basic types: semiactive and dead 
storage. Semiactive ponds are equipped for recovery and reslurrying on short notice. 
Depending on the design, it may be necessary to remove all the stored material 
before refilling the pond. 

The major consideration in pond design is recovery of a uniform solids particle 
size distribution. Segregation of the solids can occur during the filling or recovery 
operation. The resulting coarse and fine slurry slugs can be very difficult to handle 
in the downstream processes. Three major recovery methods have been utilized: 
mechanical, dredge, and the Marconaflo technique. 

Mechanical recovery uses conventional earthmoving equipment to remove the 
settled solids. Prior to the start of recovery operations, the bulk of the free water 
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must be removed from the pond by evaporation, natural drainage, sand points, or 
an underdrain system. 

Dredge recovery requires the maintenance of a water layer over the settled 
solids to float the dredge. The recovery dredge may be maintained on site or moved 
in for the recovery operation, depending on whether semiactive or dead storage 
is required. 

The Marconaflo technique? was originally developed to remove settled slurries 
from the hold of ore ships. A high-pressure water jet on a rotating head undercuts 
and reslurries the solids, and the material flows into an underdrain system for 
pumping away. 


Slurry Pumps 


Centrifugal as well as positive displacement pumps are available for pumping slurry. 
The maximum pressure capability and maximum particle size limits for different 
types of pumps are shown in Fig. C11.17.* 

The positive displacement pumps can be divided into piston, diaphragm, and 
plunger pumps. Piston pumps can be used for relatively less abrasive materials 
while the diaphragm and plunger pumps are used for handling abrasive slurries at 
high pressures. The initial capital costs and maintenance costs of positive displace- 
ment pumps are higher than those of centrifugal pumps, but their hydraulic efficiency 
is 85 percent, compared to about 60 to 70 percent for the centrifugal slurry pumps. 
The flow rate per pump is limited in the case of positive displacement pumps while 
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FIGURE C11.17 Maximum particle size and pressure capabilities of different types 
of pumps. 
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the head developed per pump is limited to about 30 m in the case of centrifugal 
slurry pumps. 


Centrifugal Slurry Pumps. Centrifugal pumps are extensively used for pumping 
slurry under relatively low pressure. The main advantages of these pumps are 
as follows: 


1. High flow rates can be achieved with a single unit at a relatively low initial cost. 
Pumps capable of pumping 25,000 gpm (5680 m?/h) are available. 


. Very few moving and wearing parts are involved. 

. They are simple to operate and maintain. 

. There is no practical restriction on the maximum size of solids that can be handled. 
. The flow through the pump is pulse-free. 

. They require little space. 


Ay Un ROC N 


. Valves are not required for the operation of the pump. 
Centrifugal pumps have the following shortcomings: 


1. The maximum discharge head is limited to less than 130 ft (40 m) for a single- 
stage pump. With several pumps in series, a maximum pressure of about 750 
psi (5.17 MPa) can be achieved. 


2. The flow rate of the pump is governed by the system pressure. 


3. Attrition of friable solids may occur due to the high velocity of flow through 
the pump. Attrition can become important if the slurry has to pass through a 
number of pumps. 


4. Seal liquid is required for good packing life. The seal liquid dilutes the slurry. 
The amount of dilution could become significant when the slurry passes through 
a number of pumps. 


5. Centrifugal slurry pumps are made robust because of the abrasion of parts coming 
in contact with slurry, resulting in a low pump efficiency. 


The centrifugal pump parts exposed to wear from slurry are the casing, impeller, 
and gland seal. Mechanical shaft seals often are ineffective in slurry installations. 
A seal that incorporates a liquid flush to keep solids from entering the gland 
is necessary. 

To obtain good service, the casing and impeller should be lined with abrasion- 
resistant material. Both rubber-lined and *Ni-hard" (metal-lined) units are used 
extensively. The size of the solids to be pumped determines the type of pump to 
be selected. Rubber-lined pumps are generally used with particles up to about 0.375 
in (9.5 mm), and Ni-hard pumps are used for coarser slurries. However, if material 
with sharp cutting edges is being pumped, such as crushed glass, Ni-hard pumps 
can be used even for relatively fine solids. Rubber-lined pump parts usually have 
longer service life with fine materials. Coal is one material for which Ni-hard line 
pumps have shown better parts life than rubber-lined units. 

To obtain good pump parts life, it is good practice to limit the impeller tip speed 
to less than 4000 ft/min (1220 m/min). The pump parts life on units running faster 
than this speed drops in proportion to the square of the impeller tip speed. 
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Reciprocating Pumps. Reciprocating pumps have several desirable features: 


The flow rate of the pump is independent of system pressure. 


* They can meet any reasonable system discharge pressure requirement. Pumps 
capable of producing 2300 psi (15.8 MPa) pressure have been used in magnetite 
pipelines. Units capable of discharge pressures greater than 5,000 psi (34.5 MPa) 
are available. 


The overall efficiency of the pump, including drivetrain, is relatively high—on 
the order of 85 percent. 


Pipeline flow rate can be determined without the use of a flowmeter. 


The following disadvantages are associated with this type of unit: 


* The maximum flow rate per pump is limited to less than about 3900 gpm. Further- 
more, this capacity is only available at relatively low discharge pressures. There- 
fore, a large number of pumps operating in parallel are needed to handle the 
high flow rates and working pressures found in large long-distance systems. For 
example, seven 1,250-hp units are used at each pump station of the Samarco 
system. 


Initial capital costs and maintenance costs are usually high. Skilled labor is re- 
quired for operation and maintenance. 


Variable-speed drives are needed to vary flow rates. 


The flow through the pump is pulsating, which requires greater attention to station 
piping design to avoid vibration and fatigue problems. 


* The maximum size of particles that can be pumped is restricted by the check 
valve seal requirements. 


For material with a maximum particle size of less than 0.1 in (2.5 mm) and with 
discharge pressures up to about 2000 psi (13.8 MPa), either piston or plunger pumps 
can be used. Slurry with a maximum particle size of 0.1 to 0.25 in (2.5 to 6 mm) 
may also be handled with these types of pumps if special design pump valves are 
used. 

The decision to use piston or plunger pumps is usually based on the results of 
a Miller abrasivity test. Material with a Miller number below 30 can be handled 
using piston pumps, and material with a Miller number above 60 should be pumped 
with plunger units. Between these values, the type of pump to use is based upon 
other considerations: 


* Piston pumps can be of double-acting design so that about twice the flow rate 
can be obtained for the same physical pump size. 


* Plunger pumps are more adapatable to flushing and lubrication. A flushed stuffing 
box can prolong parts life. However, a flush fluid free of solids must be provided, 
and some dilution of the slurry will result. 


Piston Pumps. Figure C11.18 shows the fluid end of a conventional piston pump. 
With such a unit, major wear occurs on the pistons, valves, cylinder liners, piston 
rods, and packing. 

To reduce maintenance, several variations of piston pumps have been developed 
that limit the number of working parts in contact with the slurry. One such type 
is the diaphragm pump, the fluid end of which is sketched in Fig. C11.19. By pumping 
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FIGURE C11.18 Plunger pump fluid end. 
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FIGURE C11.19 Diaphragm pump fluid end. 
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hydraulic fluid with a piston pump, the diaphragm is alternately squeezed and 
expanded. With this type of pump, the valves and diaphragm are the only parts 
that experience major wear. One disadvantage is the possibility of diaphragm failure. 
However, this can be minimized through careful pump design by limiting the amount 
of diaphragm flexing and by selecting the membrane elastomer carefully. In addition, 
suppliers offer visual and audible monitoring systems to detect diaphragm failure. 
Units are available that will limit the amount of slurry entering the propelling 
fluid chamber. 


Plunger Pumps. | Because abrasive slurries can greatly reduce the life of the pistons 
and cylinder liners of conventional piston units, plunger pumps are often used. This 
type of pump maintains a clear liquid barrier between the plunger and packing by 
means of a flushing system, as shown in Fig. C11.20. Major wear is limited to the 
plunger, valves, and packing. 
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FIGURE C11.20 Plunger pump fluid end. 


Hydrohoists. The limitation of maximum particle size for positive displacement 
pumps and the limitation of pump discharge pressure for centrifugal pumps can be 
eliminated by using a hydrohoist system. Figure C11.21 shows a sketch of a hy- 
drohoist pumping system. The hydrohoist consists of one or more chambers that 
can be filled with solids either in dry form (lock-hopper) or as a slurry. Once the 
chamber is filled with solids, water under high pressure is admitted to the chamber 
to push the solids into the pipeline. A major application is found in vertical transpor- 
tation of coarse ore from deep mines. The advantages of these devices are as 
follows: 


* Large solids can be pumped under high pressure without having them pass through 
a number of centrifugal pumps. The attrition of solids is thereby reduced. 


* A high-pressure water pump, having relatively high efficiency compared to a 
centrifugal slurry pump, is used. 
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FIGURE C11.21 Sketch of a hydrohoist. 


* The number of moving parts exposed to slurry is considerably less than that with 
reciprocating units. 

* The life of slurry check valves is extended because of the reduced frequency of 
operation compared to reciprocating pumps; normally the valves open and close 
in the presence of water. 

* A larger capacity can be obtained with a hydrohoist than with a reciprocating 
pump operating at the same discharge pressure. 


The disadvantages of the hydrohoist system are as follows: 


* A sophisticated control system is needed to open and close the slurry valves. 


* The flow rate of this device depends upon the system discharge pressure since a 
high-pressure centrifugal water pump is used. 


Pump Power. The pump power is computed from the following equation: 


QP 


Hee s 
F x efficiency 


(C11.46) 


where HP = pumping power, kW (hp) 
Q = flow rate, m?/h (gpm) 
P — increase in pressure across the pump, Pa (psi) 
F = conversion factor, 1714 hp/(gpm-psi) (3.6 x 10° kW/[m?/(h-Pa)]} 
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Example C11.13. Select the type, number, and power of pumps based on the fol- 
lowing: 


Flow rate 3000 gpm (680 m?/h) 
Rise in head across pump(s) 260 ft (80 m) 
Specific gravity of slurry 1.5 


Solution. The pressure rise across the pumps is 260 ft x 1.5 X 62.4/144 psi = 
169 psi (1.177 MPa). Select centrifugal slurry pumps. Assume three pumps operating 
in series to get a total head rise of 260 ft (80 m). 

Assuming a pump efficiency of 70 percent, the power per pump is obained 
as follows: 


3000 x 169/3 


HP — 
1714 x 0.7 
= 141 Use 150-hp motors. 
680(1.17)/3 
Power = ——————— 
3.6(0.7) 
= 106 kW 


Life of Pump Parts. Typical parts life for the different types of slurry pumps is 
given in Table C11.5. The actual life depends upon the pump speed, discharge 
pressure, and abrasivity of the slurry. 


TABLE C11.5 Pump Parts Life 


Part life 
Pump part Piston Plunger Diaphragm Centrifugal 
Piston Rod 3000 n/a n/a n/a 
Plunger sleeve n/a 700 n/a n/a 
Piston liner 4000 n/a n/a n/a 
Packing 6000 400 n/a 1500 
Diaphragm n/a n/a 8000 n/a 
Valve seat 1000 800 5000 n/a 
Valve body 1000 800 3000 n/a 
Valve insert 1000 500 3000 n/a 
Impeller n/a n/a n/a 6000 
Casing n/a n/a n/a 6000 


Selection of Valves 


There are many manufacturers and types of valves offered for low-pressure slurry 
service. These designs are backed by years of experience in the minerals and 
dredging industries. Selection of valves for use in positive displacement slurry pump 
stations introduces some new parameters besides those that must be considered in 
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selecting low-pressure valves. These include vibration of the piping and packing of 
solids into the void spaces in the valves. 

Generally speaking, in high-pressure duty where a full opening is not required, 
lubricated plug valves have been applied. Depending on the service, the wetted 
parts of these valves should be hardfaced to minimize abrasive wear during the 
opening or closing cycle. Gate or ball valves have been used where a full round 
opening is required. Both types introduce the problem of removing solids from the 
body cavity after the valve has been operated in slurry. Again, it may be necessary 
to hardface some wetted parts to extend the valve life. 

Slurry valves require regular lubrication and maintenance to remain operable. 
An important feature in selecting valves is the ease of disassembly for maintenance. 
Some ball valves, for instance, have to be sent to the factory to renew the seats or 
seals. Some maintenance problems may simply be a matter of solids finding their 
way into the valve workings, with the solution simply being disassembly and cleanup 
of the valve. Some slurries (such as limestone) may have some cementation proper- 
ties. Therefore, it is good practice to regularly lubricate and exercise valves that 
are otherwise infrequently used. 


Abrasion Control 


Pipe abrasion is a major concern in coarse solids pipelines. In temporary systems, 
the pipeline may be replaced periodically. For example, the phosphate mining 
industry in Florida replaces temporary steel pipes after about 2 years of operation.” 
Use of special pipes, nonferrous pipes, and steel pipes lined with abrasion-resistant 
linings can significantly increase the life of pipes carrying coarse solids. Example 
C11.12 addresses the subject of corrosion-erosion control for long-term service. 


Nonferrous Pipes. For low pressure applications, a number of nonferrous materials 
can be considered for transporting coarse solids. 

Polyethylene. Ultrahigh-molecular-weight polyethylene has been extensively 
used for tailings line construction. For sizes up to NPS 14 (DN 350), it is available 
with pressure ratings up to 250 psi (1725 kPa). This material is a major improvement 
over unlined carbon steel or wood, and under good conditions it lasts many times 
longer than the material it replaces. 

Polybutylene. Polybutylene pipe is a flexible thermoplastic pipe that has been 
developed relatively recently. Depending upon the diameter, it is normally available 
with pressure ratings up to 200 psi (1380 kPa), although higher-pressure pipes have 
been made. Polybutylene has two major advantages compared to polyethylene: the 
tensile strength is higher, and it is less affected by extremes of temperature. 

Polyurethane. This type of pipe has been used for some in-plant systems, in 
particular, coal cleaning plants. The polyurethane is spun-cast into flanged spools 
up to NPS 12 (DN 300). 

Other Nonferrous Materials. Polyvinylchloride (PCV) polypropylene and acry- 
lonitrile-butadiene-styrene (ABS) have been made into pipe but have poor wear 
resistance compared to polyethylene and polybutylene. They should not be consid- 
ered for long-life slurry applications. 

Fiberglass pipe is available with ceramic chips or tile embedded into the inner 
surface. This material is quite expensive, and once the chips are broken out, the 
epoxy matrix that holds the chips has very poor wear resistance and the pipe quickly 
fails. Also, joint systems designed to take high pressure are prone to failure. Abrasive 
particles attack the groove left at the joint, and early failure may result. 
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Internally Lined Steel. Many of the materials discussed in the previous section 
can also be utilized as a lining within a steel outer shell. By utilizing such a system, 
the inherent pressure limitations of nonferrous materials can be overcome. In most 
cases, the use of a composite pipe leads to difficulty in joining the pipe sections. 
Most systems require the use of steel flanges with the lining material serving as the 
gasket material. 


In Situ Lining of Steel Pipe. Two methods of in situ internal lining of welded 
steel pipe have been developed. In one method a plastic pipe of slightly smaller 
diameter than the inside diameter of steel pipe is pulled inside, and the annular 
space between the two pipes is grouted with cement. In another method a high- 
density polyethylene pipe of slightly larger outside diameter than the inside diameter 
of the steel pipe is installed by pulling it after compressing it to reduce its outside 
diameter. The pipe expands and presses against the steel pipe upon release of 
pulling forces. 

These liners are pulled inside the steel pipe, which is welded prior to pulling 
the liner. The liner can be pulled to a distance of 1 km depending upon the pipe 
size and the number of bends in the steel pipe. 

In either method, best mechanical design and economic results are obtained 
when lining is planned for in the beginning. In an operating pipeline these lining 
methods can be used to extend service life. 


Instrumentation 


The instrumentation used and the major parameters measured and controlled are 
as follows: 


Pressure. Both the suction and discharge pressures at a pump station are normally 
measured and controlled. Suction pressure is controlled to prevent cavitation. The 
discharge pressure is controlled so as not to exceed the maximum allowable pressure 
for the pump unit or the pipeline system. Bourdon-type pressure gages with an 
isolation diagram are generally used. 


Density. The pumping head requirement varies with the changes in slurry density. 
If the slurry density is not controlled within the pipeline design limits, the pipeline 
system can be overpressurized or the flow velocity could drop below the deposition 
critical velocity. 

Slurry density is normally measured by radiation gages. Density meters may be 
needed at each pump station in a multiple-station system. The density meters are 
normally installed on the suction side of a pump station. 

Density is controlled by adding dilution water to high-density slurry. If the density 
is too low, the slurry can be returned to the preparation plant for concentrating. 


Flow Rate. Because slurries are often abrasive by nature, some in-line flow- 
measuring devices such as orifice plates and pitot tubes are not applicable. For 
primary slurry flowmetering, magnetic flowmeters are considered the best choice. 
Ultrasonic flowmeters sometimes are used in applications including oil slurries 
where magnetic flowmeters are unsuitable. 


Slurry Tank Level Measurement. A number of different systems have been used 
for recording the level in slurry storage tanks. 
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Conductance probes for level alarms and a pressure sensor mounted in the wall 
of the tank are used to obtain a rough indication of level of slurry in the tank. This 
procedure has proved satisfactory although the accuracy of the level measurement 
with a pressure sensor is affected by changes in slurry density. A way to compensate 
for this effect is available but not commonly used. Sonic devices provide direct 
measurement of tank level. 
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This chapter presents information on the analysis and design of wastewater and 
stormwater piping systems. Wastewater piping systems convey waterborne domes- 
tic, commercial, or industrial wastes to a point of discharge and/or treatment. 
Such systems are also known as sanitary sewer collection systems. Stormwater 
piping systems convey captured stormwater runoff to points of discharge. Such 
systems are also known as storm sewer systems. There are systems, chiefly in older 
cities, that convey domestic, commercial, and industrial wastewater and storm- 
water runoff in a single piping system. Such systems are called combined sewer 
systems. 

The design of both wastewater and stormwater collection systems must comply 
with standards of city, county, and state as well as federal regulation agencies. 
Permits must be obtained for the disposal of domestic, commercial, and industrial 
waste into receiving streams or water bodies. Stormwater discharges to receiving 
streams or water bodies may also require permits. 

This chapter focuses on public and/or private wastewater and stormwater 
collection systems generally serving a number of buildings. For information 
about in-building plumbing, which is not covered in this chapter, see Chap. C13 of 
this book. The scope of this chapter does not permit examination of appropriate 
piping materials for handling exotic wastes such as oils and acids. Refer to the 
index of this book for specific information on piping systems to convey such 
wastes. 
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DEFINITIONS 


A selection of terms used in wastewater and stormwater technology follows. Addi- 
tional terms are defined at the place of use. 


Sewer: A pipe or conduit that carries wastewater or stormwater. 


Wastewater: The spent water of a community. From the standpoint of the 
source, it may be a combination of liquid and water-carried wastes from resi- 
dences, commercial buildings, industrial plants, and institutions, together with 
any groundwater, surface water, and stormwater that may be present. The term 
wastewater is often used instead of the less inclusive sewage. 


Stormwater: The portion of water that runs off the ground during and immedi- 
ately following a rainstorm, snowmelt, or other flooding event. 


Sanitary sewer: A sewer that carries liquid and water-carried wastes from resi- 
dences, commercial buildings, industrial plants, and institutions, together with 
varying quantities of storm waters, surface waters, and groundwaters that are 
not admitted intentionally. 


Storm sewer: A sewer that carries stormwater and surface water, street wash, 
and other waters or drainage, but excludes domestic or industrial wastewater. 
It is also called a storm drain. 


Combined sewer: A sewer intended to receive both wastewater and stormwater 
or surface water. 


Buildingsewer: Inplumbing, the extension from the building drain to the public 
sewer or other place of disposal; also called house connection. 


Lateral sewer: A sewer that receives wastewater from buildings and discharges 
into a branch or other sewer and has no other common sewer tributary to it. 


Branch sewer: A sewer that receives wastewater from a relatively small area 
and discharges into a main sewer serving more than one branch sewer area. 


Main sewer: The principal sewer to which branch sewers are tributary; also 
called trunk sewer. 


Trunk sewer: A sewer that receives dry-weather flow from a number of branch 
or main sewers or outlets and frequently additional predetermined quantities 
of stormwater (in combined sewer systems) and conducts such waters to a point 
for treatment or disposal. Trunk sewer is also commonly referred to as an 
interceptor sewer. 


Outfall sewer: A sewer that receives wastewater from a collection system or 
from a treatment plant and carries it to a point of final discharge. 


Sanitary sewer system: A sewer system comprised exclusively of sanitary sewers 
which carry only wastewater and to which stormwater, surface water, and ground- 
water are not intentionally admitted; also referred to as separate system or 
separate sanitary system. 


Storm sewer system: A system composed only of sewers carrying stormwater, 
surface water, street wash, and other wash waters or drainage from which domes- 
tic wastewater and industrial wastes are excluded. 


Combined sewer system: A system of sewers receiving both surface runoff 
and wastewater. 
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Infiltration: "The water entering a sanitary sewer system and service connections 
from the ground, through such means as, but not limited to, defective pipes, 
pipe joints, connections, or manhole walls. Infiltration does not include, and is 
distinguished from, inflow. 


Inflow: The water discharged into a sanitary sewer, including service connec- 
tions, from such sources as, but not limited to, roof leaders; cellar, yard, and 
area drains; foundation drains; cooling water discharges; drains from springs 
and swampy areas; manhole covers; cross-connections from storm sewers and 
combined sewers; catch basins; storm sewers; surface runoff; street wash waters; 
or drainage. Inflow does not include, and is distinguished from, infiltration. 


Exfiltration: Exfiltration is the process of wastewater inside the sewer flowing 
out of the sewer through joints, pipe cracks, etc. into the surrounding bedding. 


Inflow/infiltration: The total quantity of water entering a sanitary sewer system 
from both infiltration and inflow without distinguishing the source. 


UNITS AND ABBREVIATIONS 


ASCE American Society of Civil Engineers 
cfs cubic feet per second 
cm centimeter 

d depth of flow 

D pipe diameter 

f friction factor 

fps feet per second 

ft foot 

gpcd gallons per capita per day 
gpd gallons per day 

gpm gallons per minute 

h, H hydraulic head 

hr hour 

in inch 

kg kilogram 

km kilometer 

Ib pound 

Iped liters per capita per day 
Ipd liters per day 

m meter 

m cubic meter 

mgd million gallons per day 
min minute 


mm millimeter 
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n dimensionless roughness coefficient 

q, Q quantity of flow 

r hydraulic radius 

s, S slope of the energy gradient 

s seconds 

v, V velocity 

WPCF Water Pollution Control Federation 
(now called Water Environment Fed- 
eration) 

QUANTITY OF FLOW 


Quantity of Wastewater Flow 


One of the first critical steps in the design of sanitary sewers is the estimation of 
design flows of wastewater tributary to them. Sanitary sewers must be designed to 
provide capacity for the present and estimated future quantities of domestic sewage, 
commercial and industrial wastewaters, and infiltration/inflow. 


Design Period and Tributary Flow. Lateral and branch sewers of a sanitary sewer 
system should be designed for the ultimate population density to be expected in 
the area served. Main and trunk sewers are commonly designed to handle the flows 
to be expected from a population 25 to 50 years in the future and in some cases 
the ultimate buildup of the service area. The estimation of future flows can be 
arrived at only after a detailed study of the land use, population growth trends, 
water consumption rates, commercial and industrial growth, etc. Forecasts of popu- 
lation and the commercial, industrial, and institutional development expected to 
be in place at the end of the design period should be obtained from local and regional 
planning organizations and adjusted when appropriate by site-specific knowledge. 


Quantities of Flow— Overview. Wastewater tributary to sanitary sewers emanates 
from residential, commercial, and industrial land uses. The most important single 
index in estimating flows to the sanitary sewer from each of these land-use sources 
is the rate of water consumption. Flows entering the sanitary sewers generally can 
be estimated as the water consumption, less an allowance for uses outside the 
building that typically do not return to the sewer (landscaping, car washing, etc.), 
plus an allowance for infiltration/inflow of clear water into the sewers. Note that 
water consumption means water delivered to the user. The quantity of water actually 
pumped into the water distribution system includes water that will be lost as leakage 
en route to users. If the designer has pumping records available, as opposed to 
consumption (or water billing) records to estimate water consumption, the pumping 
records should be adjusted downward by 5 percent to as much as 30 percent to 
account for leakage in the potable water system. 

The quantities of water consumption depend to some degree on the type of 
plumbing fixtures in residential and commercial buildings. Low-flow plumbing fix- 
tures, if prevalent in an area, will decrease water consumption and consequent 
sewage flows. The presence of such fixtures should be accounted for in estimates. 

When estimates of sanitary sewage flow from small areas are being prepared, 
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the most accurate procedure is to make separate estimates of the various classifica- 
tions of flow which make up the total. The classifications which are commonly used 
are domestic, commercial, and industrial sewage flows and infiltration/inflow. 


Quantity of Domestic Sevage Domestic sewage flow, excluding allowances for 
infiltration from residential land uses, is generally equivalent to water consumption 
minus an accounting for outside-the-home water use that does not flow back to 
the sanitary sewer (landscaping, car washing, etc.). The amount of water used for 
such outside uses varies depending on climate of the area and landscaping practices. 
In temperate climates, such as the midwest and eastern United States, there is a 
distinct seasonal fluctuation of domestic water consumption due to significant out- 
side water uses for landscaping, etc. Peak water consumption occurs during summer 
seasons, and minimum consumption occurs during winter months when outside 
uses are negligible. In such areas the wastewater flow rate, excluding infiltration, 
is best gauged by observing water consumption records during winter months. 
In warmer, drier climates where landscaping water use continues year-round, an 
estimated allowance can be made during lowest-water-consumption months. The 
ratio of annual domestic sewage flow, excluding infiltration, to annual water con- 
sumption (water billing, if available) ranges from 70 percent in arid areas with 
extensive landscaping water use to 95 percent in areas where little or no landscaping 
water use is practiced. 

The average per capita domestic water consumption varies from about 40 to 
120 gpd (150 to 450 Ipd), depending upon the character of the area and the economic 
status of the population. If water is supplied through meters, accurate estimates of 
average per capita consumption can be made. If water is supplied unmetered, 
estimates have to be based on the water consumption rates or measured sewer flow 
rates which are known to prevail in other areas of similar character. Table C12.1 
presents typical wastewater flow rates from residential sources.! 


TABLE C12.1 Typical Wastewater Flow Rates from 
Residential Sources 


Flow, gal/(unit-d) 


Source Unit Range Typical 

Apartment 

High-rise Person 35-75 50 

Low-rise Person 50-80 65 
Hotel Guest 30-55 45 
Individual residence 

Typical home Person 45-90 70 

Better home Person 60-100 80 

Luxury home Person 75-150 95 

Older home Person 30-60 45 

Summer cottage Person 25-50 40 
Motel 

With kitchen Unit 90-180 100 

Without kitchen Unit 75-150 95 
Trailer park Person 30-50 40 


Note:  gal/(unit: d) x 3.785 = l/(unit - d). 
Source: Adapted in part from Ref. 1. 
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Quantity of Commercial Sewage. The quantity of sewage flow from commercial 
areas varies widely depending upon the nature of the commercial activity. Allow- 
ances made for the quantity of sewage from commercial areas in large sewer districts 
are commonly in terms of gallons per day per acre, gallons per day per square foot 
of floor space, or gallons per day per capita or per employee. Allowances made by 
wastewater utilities for average wastewater flow from commercial areas vary from 
2000 to 60,000 gpd per acre (18 to 560 m?/d per hectare) and from 15 to 500 gpd 
per capita (60 to 1900 Ipd per capita). Table C12.2 shows typical average commercial 


TABLE C12.2 Average Commercial Wastewater Flow? 


Avg. flow 
Type of establishment (gpd per capita) 
Stores, offices, and small businesses 12-25 
Hotels 50-150 
Motels 50-125 
Drive-in theaters (three persons per car) 8-10 
Schools, no showers, 8-h period 8-35 
Schools with showers, 8-h period 17-25 
Tourist and trailer camps 80-120 
Recreational and summer camps 20-25 


Note: gpd per capita X 3.785 = Ipd per capita. 
Source: Adapted in part from Ref. 2. 


flows for various commercial categories.” It is evident from the wide range of 
estimates shown in Table C12.2 that for any area in which commercial activity is 
an important factor, the estimate of sewage flow should be based on a special study 
of the area. 


Quantity of Industrial Sewage. The flow of sewage from industrial establishments 
may be purely sanitary sewage, or it may also include waterborne industrial wastes. 
Estimates of the sanitary sewage are made by the procedures already considered. 
The quantity of industrial wastes can be determined only by special studies of the 
individual industrial activities. 


Quantity of Infiltration. The rate of infiltration of groundwater into sewers is 
influenced by the size, age, and condition of the sewers; the position of the sewers 
with respect to the groundwater table; the character of the soil; and the amount of 
precipitation. The infiltration rate for any one system will vary from season to 
season. Extensive work has been done to quantify and remove excessive infiltration 
in existing systems in the United States since 1975. Therefore, sewer monitoring 
results of infiltration are often available for existing sewer systems and should 
be consulted. 

Specifications for installation of new sewers limit infiltration to between 100 and 
500 gpd/in-diameter/mi (90 and 460 Ipd/cm-diameter/km) of sewer at the time of 
testing. Allowances for infiltration at the end of the design period are higher than 
the initial test allowances. Design allowances for infiltration for new sanitary sewers 
at the end of the design period range from 3000 to 10,000 gpd/in-diameter/mi (2800 
to 9200 Ipd/cm-diameter/km) of sewer for a well-maintained sewer system and as 
high as 40,000 gpd/in-diameter/mi (37,000 Ipd/cm-diameter/km). 
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Quantity of Inflow. Inflow is clear water which enters the sanitary sewer from 
sources such as roof leaders, yard and area drains, foundation drains, cooling water 
discharges, drains from springs and swampy areas, manhole covers, cross-connec- 
tions between storm and sanitary sewers, or surface water runoff. Inflow is generally 
associated with periods of rainfall, snowmelt, and surface water runoff. In many 
existing systems, inflow is the single largest flow component on rainfall days and 
is often responsible for the backup of wastewater into basements and homes, or 
the bypassing of untreated wastewater to nearby streams and water courses. Inflow 
rates have been found to vary greatly from system to system and even within a 
given system owing to the age and condition of the sewer mains and laterals and 
the type of plumbing practices which have been employed. Typical inflow rates 
experienced range from 50 gpd/ft (600 Ipd/m) of sewer length to over 1000 gpd/ 
ft (12,000 Ipd/m) of sewer length on a maximum-hour basis. In some systems, inflow 
results in total peak flows 7 to 10 times the average dry-weather flow. Owing to 
the high variability of inflow and the dramatic impact it can have on wastewater 
conveyance system sizing, engineering studies are generally recommended to estab- 
lish the existing inflow conditions and the appropriate inflow allowance for future 
service extension. 


Quantity of Exfiltration. Exfiltration is the process by which wastewater inside 
the sewer flows out of the sewer through joints, pipe cracks, etc., into the surrounding 
bedding. Exfiltration is generally not a concern with respect to estimating wastewater 
flows because sanitary sewers generally do not function under pressurized condi- 
tions. However, exfiltration is important to consider in conjunction with protection 
of groundwater in pressurized tunnels. In near-surface open-channel sewers, signifi- 
cant exfiltration can occur only when the sewer is in gross disrepair in granular 
soils or is cross-connected to a storm sewer or other outlet. In cases where flow 
monitoring indicates exfiltration, investigation of the situation is warranted to deter- 
mine the flow path of sewage. 


Flow Variations. Sewers should be designed to handle peak flow rates that are 
expected to occur at the end of the design period. It is also desirable to design 
sewers so as to minimize the problem of solids deposition during the early years 
of use, when the flows may be much lower than the future flows. In most cases the 
two design objectives cannot be achieved simultaneously (especially when the sewers 
are circular). Priority of the design objective should be established on a case-by- 
case basis. The flows vary from day to day and from hour to hour within each day. 
The ratio of the absolute maximum future flow rate to the initial minimum rate 
may vary from about 3 to 1 for large sewers serving highly developed areas to more 
than 20 to 1 for small sewers serving areas still under development. Figure C12.1 
presents commonly used formulas for predicting ratios of maximum to average 
flows and minimum to average flows as a function of connected population.’ These 
formulas assume dry-weather conditions (without excessive inflow) and no unusual 
industrial use patterns. Where nondomestic flows make up a significant amount of 
flow, the flow patterns should be considered separately. 


Fixture-Unit Basis of Design. For very small tributary populations and for institu- 
tions such as schools, hospitals, hotels, and factories, the required capacities of 
sanitary sewers may be estimated from the fixture-unit flow rates defined by various 
local and national plumbing codes. The designer should consult local applicable 
plumbing codes for estimating such flows. 
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Ratio of minimum or peak 
to average daily sewage flow 


Ks 2 3 45678910 20 30 40 60 80 100 200 400 600 800 1000 


Population, in thousands 


Curve A source: Babbitt, H.E., Sewerage and SewageTreatment." 7th Ed., John Wiley & Sons, 
Inc. New York (1953}. 

Curve A4 source: Babbitt, H.E., and Baumann, E.R., “Sewerage and Sewage Treatment." 8th 
Ed., John Wiley & Sons, Inc., New York (1958). 

Curve B source: Harman. W.G., "Forecasting Sewage at Toledo under Dry Weather Conditions,” 
Eng. News-Rec. 80, 1233 (1918) 

Curve C Source: Youngstown Ohio, report 

Curve D source: Maryland State Department of Health curve prepared in 1914. In "Handbook 
of Applied Hydraulics." 2nd Ed., Mcgraw-Hill Book Co., New York (1952) 

Curve E source: Gifft, H.M., "Estimating Variations in Domestic Sewage Flows." Waterworks 
and Sewerage, 92,175 (1945). 

Curve F source: "Manual of Military Construction." Corps of Engineers, United States Army, 
Washington, D.C. 

Curve G source: Fair, G.M. and Geyer, J.C., “Water Supply and Waste-Water Disposal." Ist Ed., 
John Wiley & Sons, Inc., New York (1954) 

Curves Ag, B, and G were constructed as follows: 


Curve A5 —À5— 
! PO0.167 
edi. 

Curve B, a+VE +4 
Curve G, 18* VP. 
4+VP 


in which P equals population in thousands. 


FIGURE CI12.1 Ratio of Extreme Flows to Average Daily Flow Compiled from Various 
Sources. (A dapted from R ef 2.) 


Requirements of Regulatory Agencies. Some state regulatory agencies have estab- 
lished definite per capita flow rates to be used when detailed studies and estimates 
of expected flows have not been made. The designer should look into municipal 
and state regulations to obtain such regulatory requirements. 


Typical of such regulations in the United States are the recommended standards 


of the Great Lakes-Upper Mississippi River Board of State Sanitary Engineers. 
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These standards, used widely by state agencies in the United States in regard to 
the design of sanitary sewers, are as follows? The latest edition should be consulted. 

Design Period. In general, sewer systems should be designed for the estimated 
ultimate tributary population, except in considering parts of the systems that can 
be readily increased in capacity. Similarly, consideration should be given to the 
maximum anticipated capacity of institutions, industrial parks, etc. 

Design Factors. In determining the required capacities of sanitary sewers, the 
following factors should be considered: 


1. Maximum hourly rate of sewage flow 
2. Additional maximum rate of sewage or wastewater from industrial plants 
3. Maximum rate of groundwater infiltration 


Design Basis. Two methods are commonly used: 


* Per capita flow: New sewer systems should be designed on the basis of an average 
daily per capita flow of sewage of not less than 100 gallons per capita per day 
(gpcd) [380 liters per capita per day (Ipcd)]. This figure is assumed to cover normal 
infiltration, but an additional allowance should be made where ground conditions 
are unfavorable. Generally the sewers should be designed to carry, when running 
full, not less than the following daily per capita contributions of sewage, exclusive 
of sewage or other waste from industrial plants. 


e Laterals and submain sewers: 400 gpcd (1500 Ipcd). 
e Main, trunk, and outfall sewers: 250 gpcd (950 Ipcd). 


* Interceptors: Intercepting sewers, in the case of combined sewer systems, should 
fulfill the above requirements for trunk sewers and have sufficient additional 
capacity to care for the necessary increment of stormwater. Normally no intercep- 
tor should be designed for less than 250 percent of the gauged or estimated 
average dry-weather flow. 


* Alternatemethod: When deviations from the foregoing per capita rates are demon- 
strated, a brief description of the procedure used for sewer design must be included 
in the design report. 


Summary of Considerations for Determination of Sanitary Sewer Capacity. The 
following summary of the considerations necessary for the determination of sanitary 
sewer capacity is given in the American Society of Civil Engineers (ASCE) M anual 
of Engineering P ractice, No. 37 [Water Pollution Control Federation (WPCF) Man- 
ual of Practice No. 9], “Design and Construction of Sanitary and Storm Sewers.” 

The quantity of wastewater which must be transported is based on full consider- 
ation of the following: 


1. The design period during which the predicted maximum flow will not be ex- 
ceeded, usually 25 to 50 years in the future. 


2. Domestic sewage contributions based on future population and future per capita 
water consumption; or if a more satisfactory parameter than water consumption 
is available, that parameter should be used. Careful analysis should be made of 
population distributions and the relationship of maximum and minimum to 
average per capita sewage flows. The fixture-unit method of estimating peak 
rates should be employed for small populations, giving due care to the forecasting 
of the probable number of fixture units and water use per capita. When large 
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areas are to be considered, the peak rate of flow per capita or per acre sometimes 
is decreased as area and population increase. 


3. In some instances, maximum flow rates may be determined almost entirely by 
extraneous flows, the source of which may be foundation, basement, roof, or 
areaway drains; storm runoff entering through manhole covers; or infiltration. 
Foundation, roof, and areaway drain connections to sanitary sewers should be 
prohibited. Proper construction and yard-grading practices should be mandatory. 
Nevertheless, there may be times when strict prohibition may not be feasible or 
even practicable. In any event, some stormwater and surface water will get 
into separate sanitary sewers, and a judgment allowance, therefore, must be 
made. 


4. Commercial area contributions are sometimes assumed to be adequately pro- 
vided for in the peak allowance for per capita sewage flows in small communities. 
A per acre allowance for comparable commercial areas based on records is the 
most reasonable approach for larger communities. 


5. Industrial waste flows should include the estimated employee contribution, esti- 
mated or gaged allowances per acre for industry as a whole, and estimated or 
actual flow rates from plants with process wastes which may be permitted to 
enter the sanitary sewer. 


6. Institutional wastewaters are usually domestic in nature although some industrial 
wastewater may be generated by manufacturing operations at prisons, rehabilita- 
tion centers, etc. 


7. Air-conditioning and industrial cooling waters, if permitted to enter sewers, 
may amount to 1.5 to 2.0 gpm (0.1 to 0.13 I/s) per ton of non-water-conserving 
cooling units. Unpolluted cooling water should be kept out of separate sani- 
tary sewers. 


8. Infiltration may occur through defective pipe, pipe joints, and structures. The 
probable amount should be evaluated carefully. Design allowances should be 
larger (under some circumstances very much larger) than those stipulated in 
construction specifications for which acceptance tests are performed very soon 
after construction. Underevaluation of infiltration is one reason why some sewers 
have become overloaded. 


9. The relative emphasis given to each of the foregoing factors varies among engi- 
neers. Some have set up single values of peak design flow rates for the various 
classifications of tributary area, thereby integrating all contributory items. It is 
recommended, however, that maximum and minimum peak flows used for design 
purposes be developed step by step, giving appropriate consideration to each 
factor which may influence design. 


Example C12.1: Design Example for Calculating Wastewater Flows. Determine 
the average and peak wastewater design flows for the downstream end of a sanitary 
sewer designed to serve an area of 340 acres. Current residential population is 1000 
(primarily single-family homes). Projected ultimate population in the future is 3500 
(3000 people in single-family homes and 500 people in apartments). Additionally, 
commercial and institutional employment in the service area currently is 150 employ- 
ees, primarily in office and non-water-intensive businesses. Future commercial and 
institutional employment in the service area is projected to be 900, again in similar 
types of businesses. There is negligible existing industrial development, but an 80- 
acre industrial park is planned. Future number of employees working in the indus- 
trial park is estimated to be 800. 
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Solution. The solution proceeds stepwise through the parameters to be con- 


sidered: 


1. 


2. 


Selectthe design period of the sewer. For this sewer, because the area and popula- 
tion is small, the design condition is the ultimate future condition. 


E stimate the average unit rate of flow of domestic sewage from residential areas. 
Based on water billing records of existing residential single-family accounts, 
average water consumption during winter months (November to January) is 80 
gpcd and during summer months (June to August) is 110 gpcd. 

Apartments in adjacent communities have winter water unit consumption 
rates of 65 gpcd. Average wastewater flow from the residential sector is therefore 
80 gpcd (assumed to be same as water consumption during winter months) times 
1000 people, or 80,000 gpd for existing conditions. For future conditions, the 
average flow is 3000 people times 80 gpcd for single-family residential plus 500 
people times 65 gpcd for apartments, which totals to 272,500 gpd. 


. Estimate commercial and institutional wastewater flows. By using flow rates from 


similar establishments in adjacent communities, it was found that an average 
per employee flow rate of 25 gpd was appropriate. Current flow from this sector 
is estimated to be 3800 gpd, and future average flow would be 900 employees 
times 25 gpcd, or 22,500 gpd. 


. Estimate the industrial wastewater flows. Current industrial flow is negligible. 


Projection of future flow requires a thorough analysis of the planned industrial 
park. It was determined in consultation with the developer, municipal officials, 
and the zoning board that the ultimate future industrial park would have 800 
employees and one significant water-intensive industry. The water-intensive in- 
dustry will discharge process water to the sewer at the rates of 40,000 gpd 
(average) and 80,000 gpd (peak hour). Total average future flow is estimated to 
be 800 employees times an allowance of 25 gpd per employee (20,000 gpd) plus 
40,000 gpd for process water. These two factors total 60,000 gpd of average 
future flow. 


. Estimate an allowance for the peak quantity of future infiltration. Because the 


sewers are of new construction, the future allowance for infiltration will be 15,000 
gpd/mi of sewer. Estimate sewer length roughly at 1 mi of sewer per 25 acres 
of service area. Estimated sewer length for the 340-acre area is 13.6 mi. Allowance 
for infiltration will be 15,000 gpd/mi times 13.6 mi of sewer, or 204,000 gpd. 


. Determine the peaking factor. The peaking factor is taken from Fig. C12.1 using 


curve G. Where significant nonresidential sources are present, it is common 
to substitute population equivalent for population in the equation. Population 
equivalents of commercial and industrial flow are estimated by dividing the per 
employee water rate by the per resident water rate and multiplying by the 
number of employees. For the future condition, the population equivalent of 
the commercial industrial component is 25 gpcd divided by 78 gpcd (weighted- 
average rate of single-family and apartment use) times 1700 employees (900 
commercial and 800 industrial), or 545. The total population equivalents in the 
future will be 3500 population plus 545 population equivalents for commercial 
and industrial sector, or 4045. The peaking factor from curve G would be 3.33. 


. Estimate peak design flows. Peak design flows are calculated by first assessing the 


average flow rate from residential, commercial, and industrial sectors excluding 
infiltration. This would be 272,500 gpd (residential) plus 22,500 gpd (commercial) 
plus 20,000 gpd (industrial), for a total wastewater flow of 315,000 gpd. Multiply 
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this sum by the peaking factor of 3.33 to obtain a peak hourly flow of 1,050,000 
gpd. Add to this the peak allowance for infiltration of 204,000 gpd and peak 
flow of process water from the water-intensive industry of 80,000 gpd. The total 
peak hour design flow would be 1,334,000 gpd. 


QUANTITY OF STORMWATER FLOWS 


Stormwater runoff is the portion of precipitation which flows over the ground 
surface during and after a precipitation event. The design of storm sewers and 
combined sewers requires the estimation of design stormwater flows. There are a 
number of methods to develop peak stormwater flows. Among these are the rational 
formula, the hydrograph method, the inlet method, and the unit hydrograph method. 
These basic methodologies have been incorporated into a number of proprietary 
and public-domain computer programs. Among the public-domain programs, Illi- 
nois Urban Drainage Area Simulator (ILLUDAS) and Stormwater Management 
Model (SWMM) are in common use in the profession in the United States. 

Discussion of each of the methods is beyond the scope of this chapter. As such, 
discussion here is limited to a description of the rational method, the simplest and 
most basic analytic procedure in common use. 


Design Flows 


The development of design flows for storm sewers is based on the area-specific 
political, economic, regulatory, and meteorological conditions. Typical practice is 
to design the system to accommodate the peak flows of a rainfall event that has a 
probability of recurring every 3 to 10 years. For commercial and high-value districts, 
the design recurrence interval could be as high as 30 to 50 years. The duration and 
intensity of that rainfall, established from the area's meteorological history, are 
used to estimate the peak design flows. 


The Rational Method 


The rational method is the most basic procedure in common use for the computation 
of rates of stormwater runoff for storm sewer design. The rate of runoff Q in cubic 
feet per second (m?/hr) is given by the equation 


Q — CiA (C12.1) 
Q=10CiA X Slunits (C12.1M) 


in which A is the size of the drainage area in acres (hectares), i is the average 
intensity of rainfall during the design event in inches per hour (mm/h) for a duration 
equal to the time of concentration of the area, and C is a runoff coefficient whose 
value depends principally upon the character of the area. 

The assumption behind the rational method is that the runoff rate at a point in 
a drainage basin for a given rainfall intensity will increase and reach its maximum 
when the duration of the rainfall is equal to the time of concentration of the area 
(the time required for the runoff to flow from the remotest point of the contributory 
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area to the point where Q is being measured). By this assumption, the maximum 
runoff rate Q which can be expected to occur with any given frequency will be 
produced by a storm having the average rainfall intensity corresponding to the 
given frequency and duration which equal the time of concentration. The application 
of the rational method requires knowledge of the rainfall intensity-duration-fre- 
quency characteristics for the locality. Although the assumptions are not strictly in 
accord with the mechanics of the runoff process, the rational method has proved 
to be a practical procedure for storm sewer design because the accumulated experi- 
ence has resulted in practicable values for the runoff coefficient. Reported practice 
generally limits the use of the rational method to urban areas less than 5 mi? (15 
km?). For larger areas, storm sewers designed using the rational method will result 
in an overdesign of the storm sewer sizes. Therefore, for larger areas, application 
of hydrograph methods is usually warranted to avoid overdesign of the storm sewers. 


Time of Concentration 


The time of concentration is the time required for the runoff to flow from the 
remotest point of the drainage area to the point under design. This is the minimum 
time necessary to permit the drainage area to contribute to the flow and generate 
the maximum flow rate at the point. The time of concentration consists of the inlet 
time, or time required for the runoff at the upper end of the drainage area to reach 
the nearest inlet to a sewer, plus the time of flow in the sewer from this inlet to 
the point being considered. 

Inlet time will vary with the nature of the surface (e.g., grassy, paved), the slopes, 
the nature of the established drainage channels such as street gutters, and the 
antecedent conditions. Because the inlet time is small, it is commonly chosen on 
the basis of experience. In densely developed areas with a high percentage of paved 
surfaces and closely spaced inlets, an inlet time as low as 5 min may be considered 
reasonable. In moderately developed urban areas with flat slopes, the inlet time 
may vary from 10 to 20 min. In flat residential areas with a relatively low percentage 
of paved surface, the inlet time may be as high as 30 min. It is possible to make 
estimates of the inlet time by calculating the time of flow over the various types 
of surfaces, but such estimates can rarely be made with a high degree of accuracy. 

The time of flow in the sewer is computed from the hydraulic properties of the 
sewer, the common practice being to use the average full-flow velocity for the sewer 
computed for the prevailing ground slope. Alternatively a velocity of 3 to 5 ft/s 
(1 to 1.5 m/s) can be assumed for initial calculations. The use of full-flow velocity 
in the calculation of the time of flow in the sewer is a convenient and reasonable 
method of making the initial determination of time of concentration for hand 
calculations. The design can be checked to account for variance in travel times for 
partly full or surcharged sewers and rainfall patterns during the design storm. 

The calculation of the time of concentration is illustrated by example C12.2. 


Example C12.2. Determine the time of concentration for the drainage system 
shown in Fig. C12.2. Assume Manning's roughness coefficient for the pipe sections 
to be 0.013. 

Solution. The following information is derived from Fig. C122: 


Pipe section AB: Length, 1000 ft; diameter of the pipe, 15 in (1.25 ft); slope of 
pipe s, 0.003; Mannings roughness coefficient n, 0.013. 
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FIGURE C12.2 Calculation of time of concentration. 


Pipe section BC: Length, 1000 ft; diameter of the pipe, 24 in (2 ft); slope of pipe 
S, 0.002; Mannings roughness coefficient n, 0.013. 


First, estimate the time for conveyance of runoff from the remotest catchment 
area to the remotest inlet to the sewer. In a moderately developed urban area, use 
15 min for flow from the catchment area to travel to point A. Next calculate the 
time for flow to travel from A to B, using Manning’s equation, (C12.2). For metric 
units, Eq. (C12.2M) must be used. For pipe section AB, the parameters n and s 
are 0.013 and 0.003, respectively. Parameter r (hydraulic radius) must be calculated. 
For pipe running, the full value of r is 7D?/4/7-D or D/4 where D is the diameter 
of the pipe in feet (for SI, D must be expressed in meters). By substituting the 
values of the parameters in Eq. (C12.2), the velocity in the A-to-B section at full 
flow is 2.9 fps. The time to travel from A to B is 1000 ft divided by 2.9 ft/s, or 5.7 
min. Similarly, the time to travel from B to C at a full-flow velocity of 3.2 ft/s is 
5.2 min. The time of concentration, therefore, to point A is 15 min, to point B is 
20.7 min, and to point C is 25.9 min. For drainage systems described in metric units, 
use Manning’s equation (C12.2M). 


Rainfall Frequency 


It is usually prohibitive, on the basis of cost, to construct storm sewers capable of 
handling the largest conceivable storm. Current practice is to use storm rainfalls 
having an average expected frequency of once every 3 to 10 years for the design 
of storm sewers in residential areas and storms of 10 to 30 years for commercial 
and high-value districts. 
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Rainfall Intensity-Duration-Frequency Relationships 


The rainfall characteristics which must be known for stormsewer design are pre- 
sented in a concise manner by the intensity-duration-frequency curves, which can 
be prepared from a long record of precipitation at a given station. Figure C12.3 
shows such a set of curves prepared by the Illinois State Water Survey‘ for the 
northeastern area of Illinois for the years 1901 to 1983*. This figure shows, e.g., 
that for a system to be designed with a time of concentration of 30 min and a design 
recurrence interval of 5 years, the total precipitation is 1.3 in. This means that the 
total rainfall of 1.3 in during a 30-min period will be equaled or exceeded in the 
area for which the curves apply, on average, once every 5 years. The rainfall intensity 
term in the rational method equation [Eq. (C12.1)] is expressed in units of inches 
per hour. For the 30-min-duration, 5-year recurrent storm, the rainfall intensity 
would be 1.3 in divided by 0.5 h, or 2.6 in/h. Similar data to those shown in Fig. 
C12.3 for many other localities have been compiled and published by the U.S. 
Weather Bureau. State agencies in charge of stormwater management should be 
consulted to obtain rainfall intensity-duration-frequency data accepted for use in 
local areas, as such data vary widely by geographical region. 
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FIGURE C12.3 Frequency distributions of rainfall for Northeast Illinois climatic section for storm 
periods of 5 min to 10 days and recurrence intervals of 2 months to 100 years. (From F. A. H uff 
and J. R. Angel, "Frequency Distributions and H ydroclimatic Characteristics of H eavy Rainstorms 
in Illinois," Illinois State Water Survey, 1989.) 
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Runoff Coefficient 


The runoff coefficient C in the rational method formula is the variable which is 
least susceptible to precise determination. Whereas the use of the runoff coefficient 
implies that there is a constant ratio of runoff to rainfall, the actual ratio for a 
given area will depend upon the condition of the area at the time of occurrence of 
the storm and will increase with the duration of the storm. A more logical procedure 
than the rational method for storm sewer design would be to subtract the rainfall 
losses due to infiltration and retention in surface depressions and to distribute the 
remainder as an actual hydrograph of runoff. Computer programs attempt to ac- 
count for such parameters. However, because of the great variability in the time 
distribution of the rainfall itself as well as the difficulty in estimating the quantities 
of infiltration and surface depression storage, the use of the rational formula 
simply involves an estimate of the value of the runoff coefficient C. A common 
practice is to use average coefficients for various types of districts, the coefficients 
being assumed to be constant throughout the storm duration. The range of 
values for the runoff coefficient reported to be in common use is shown in 
Table C12.3. 


TABLE C12.3 Runoff Coefficients by Land Use 


Type of area Runoff coefficient C 

Business: 

Downtown areas 0.70—0.95 

Neighborhood areas 0.50-0.70 
Residential 

Single-family areas 0.30-0.50 

Multiunits, detached 0.40-0.60 

Multiunits, attached 0.60-0.75 
Residential (suburban) 0.25-0.40 
Apartment dwelling areas 0.50-0.70 
Industrial 

Light areas 0.50-0.80 

Heavy areas 0.60-0.90 
Parks, cemeteries 0.10-0.25 
Playgrounds 0.20-0.35 
Railroads, yard areas 0.20—0.40 
Unimproved areas 0.10—0.30 


Source: Adapted from Ref. 2. 


For specific small areas it is more logical to relate the value of C to the actual 
type of surface. Coefficients commonly used are shown in Table C12.4. When an 
area is made up of different types of surfaces, a common procedure is to use a 
weighted-average coefficient. 

The coefficients in Tables C12.3 and C12. are designed for use for storms of 
5- to 10-yr frequencies. For less-frequent, higher-intensity storms, the coefficients 
should be higher, because the infiltration and surface retention will be smaller 
proportions of the total precipitation. Likewise, for more-frequent, lower-intensity 
storms, the coefficients should be lower than indicated in the tables. 
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TABLE C12.4 Runoff Coefficients by 
Surface Characteristics 


Surface Runoff coefficient 

Streets 

Asphaltic 0.70—0.95 

Concrete 0.80—0.95 

Brick 0.70—0.85 
Drives and walks 0.75-0.85 
Roofs 0.75-0.95 
Lawns, sandy soil: 

Flat, 2% 0.05-0.10 

Average, 2 to 7% 0.10-0.15 

Steep, 7% 0.15-0.20 
Lawns, heavy soil: 

Flat, 2% 0.13-0.17 

Average, 2 to 7% 0.18-0.22 

Steep, 7% 0.25-0.35 


Note: Percentages given for lawns are average 
ground surface slopes in the catchment area. Runoff 
coefficients for streets, drives, and roofs are little 
affected by the slope of the surfaces. 

Source: Adapted from Ref. 2. 


HYDRAULICS OF SEWERS 


Where possible, it is common practice to design sewers to flow with a free water 
surface. Hydraulically, this condition is termed open-channel flow. The advantages 
of open-channel flow are twofold: (1) The free water surface will allow ventilation 
of the sewers, and (2) the velocities at lower flows can be kept reasonably high to 
facilitate self-cleansing of the sewers. In areas where the depth of excavation for 
a sewer becomes uneconomically large, a lift (pumping) station and force main are 
commonly installed to convey wastewater to a location where gravity open-channel 
flow can resume. The force main is termed such because sewage is “forced” by 
pumping and the flow is pressurized flow as opposed to open-channel(gravity) flow. 

It is common practice to design sanitary sewers with slopes sufficient to provide 
for velocities of 2 ft/s (0.6 m/s) when flowing full. Experience shows that with such 
slopes, trouble from deposits is seldom encountered. Storm sewers are commonly 
designed for a minimum full-flow velocity of 3 ft/s (1 m/s) in order to resuspend 
sediment deposited from intermittent storm events. 

Although the flow in sewers is seldom steady or uniform, it is impracticable in 
most cases to take this into account, and each section of the sewer is usually designed 
with the assumption that the flow is steady and uniform. In certain conditions it is 
important to check the impacts of nonuniform flow. These conditions include the 
drawdown, backwater, and hydraulic jump conditions. These specialized conditions 
are briefly discussed later in this chapter. Specialized computer programs that 
dynamically route flows can analyze such conditions. Such programs, currently 
proprietary, should be entering the public domain in coming years. 
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UNIFORM-FLOW FORMULAS 
AND CALCULATIONS 


The most widely used formula for calculating open-channel uniform flow in sewers 
is the Manning equation: 


_ 1486 y a 
n 


(C12.2) 


1 
V = = r?°PS!? (Slunits) (C12.2M) 
n 


where V = mean velocity, ft/s (m/s); n = dimensionless roughness coefficient; r = 
hydraulic radius, ft (m), which is the wetted cross-sectional area divided by the 
wetted perimeter; and S is the slope of the energy gradient. 

The roughness coefficient n varies from 0.010 for smooth surfaces to as high as 
0.10 for rough natural channels. It is common practice to use values of Manning's 
n of 0.013 for sewer design. This value makes some allowance for the future condition 
of the pipe as well as for disturbances in the flow resulting from rough joints and 
interior coatings of grease or other matter. Figure C12.4 is a diagram for the solution 
of the Manning equation applied to circular pipes flowing full, with n equal to 0.013. 


Pipes Flowing Full 


The Manning equation can be transformed to conveniently determine the quantity 
of flow of a circular pipe running full at a particular slope: 


BR E peque (C12.3) 
n 
0.312. cA Sip 
Q = —— ps5 SI units (C12.3M) 
n 


where Q is the quantity of flow at full flow, cfs (m?/s); D is diameter of pipe, ft 
(m); and n and S are defined as above. 

Similarly, other convenient transformations of the full-flow pipe Manning for- 
mula are as follows: 


0.590 


Vas pig? (C12.4) 
n 
0.397 
V = —— ps (ST units) (C12.4M) 
n 
4.66 , 
S= a Q (C12.5) 
10.27 
S= 20? (SL units) (C12.5M) 
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FIGURE C12. Discharge of circular pipes (running full) based on Manning formula: 


1.486 3 
Q= a( Je 
n 


where Q = flow rate, A = cross-sectional area, r = hydraulic radius, S = slope of energy 
gradient, and n = coefficient of roughness = 0.013. Curve @—Minimum Slopes per 
“Recommended Standards for Sewage Works," Great Lakes—Upper Mississippi River 
Board of State Sanitary Engineers. (A dapted from Ref. 3.) 
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1.33 
= "93/16 Quee (C12.6) 
1.548 

=i ane QV*5?5 (ST units) (C12.6M) 


where V is velocity of flow, ft/s (m/s); and D, S, Q, and n are defined as above. 


Pipes Flowing Partly Full 


Manning’s equation and Fig. C12.4 are convenient for determining flows and veloci- 
ties for pipes running full. In determining velocities and depths of flow when pipes 
are flowing under partially full conditions, diagrams like Fig. C12.5 are used. Figure 
C12.5 gives the hydraulic elements of circular pipes flowing partly full. This figure 
shows the ratios of the values of the various elements to the values for the flowing- 
full condition. The cross-sectional area and the hydraulic radius are purely geometric 
functions and hence are independent of n. The velocity and discharge for any 
particular ratio of depth to diameter depend upon whether n is assumed to be 
constant or variable with the depth. Velocity and discharge curves computed from 
both assumptions are shown. 
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FIGURE C12.5 Hydraulic elements of circular sewers. (Adapted from Ref. 8.) 
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The use of Manning's equation, Fig. C124, and Fig. C12.5 is illustrated by 
example C12.3. 


Example C12.3. A 36-in sewer pipe (n = 0.013) is laid on a slope of 2.00 ft per 
1000 ft. Find the discharge capacity and velocity of flow of the sewer flowing full, 
and find the depth of flow and the velocity when the flow rate is 20.0 cfs. Assume 
that n varies with the depth of flow. 

Solution. Using the transformed Manning equation for full flow 


o = 0468 pin gio 
n 


the full-flow discharge capacity is 29.8 cfs (n = 0.013, D = 3.0 ft, S = 0.002). This 
checks against Fig. C12.4 which yields a reading of 20.0 mgd (1.0 mgd « 1.5 cfs). 
Velocity at full flow from Mannings's equation is 4.22 ft/s, as calculated from 
Eq. (C124). 

At 20 cfs the sewer is partially full. Referring to Fig. C12.5, we see that q/Q full 
— 20.0/29.8 — 0.67. The term q is the flow in cubic feet per second for the partially 
full condition being analyzed. Start at the bottom axis at q/Q — 0.67, and read up 
to a point on the solid-line discharge curve (n, f variable with depth). Refer to the 
left axis to determine that the ratio of the actual depth to the full depth (d/D full) 
is 0.67. Then, reading across to the velocity curve, we see that the mean velocity 
at d/D = 0.67 is 0.94 of the full-flow velocity. Consequently, for a flow of 20 cfs, 
the depth of flow will be 0.67 times 36 in, or 24 in, and the mean velocity will be 
0.94 times 4.22 ft/s, or 3.97 ft/s. 

Figure C12.5 also shows the relative velocities required to obtain equal cleansing 
of the pipe at all depths of flow. This is based on T. R. Camp's analyses of the 
movement of granular materials in open channels? The diagram indicates that if a 
sewer has self-cleansing velocities under flowing-full conditions, the velocity will 
also be self-cleansing for all flow conditions at depths greater than one-half the 
diameter. This concept is important for designing sewers that initially will experience 
relatively small flows, but are installed to accommodate large flow in the future 
when population growth occurs. In the early years the sewer may never experience 
full-flow conditions. The use of the velocity for the equal cleansing curve on Fig. 
C12.5 is best illustrated by example. 


Example C12.4. A 36-in-diameter sewer is being installed to accommodate a 
future flow of 14.0 cfs. Design flow in the first 10 years of installation will be 2.5 
cfs. The target full-flow velocity for self-cleansing is 2.0 ft/s. Determine the necessary 
velocity for equivalent scouring at 2.5 cfs flow. 

Solution. First, determine d/D for 2.5 cfs. This is done by first calculating 
q/Q (2.5 cfs/14.0 cfs — 0.18). Then read up from the bottom axis to the discharge 
curve, and then read d/D from the left axis as 0.33. Next read to the right to the 
velocity for an equal cleansing curve to determine the Vgcour/V ju ratio. The term 
Uso iS that velocity required at a given depth (d) that will provide equivalent 
scouring to that provided at full depth (d/D = 1.0). The Vscou/V tan ratio for d/D = 
0.33 is 0.74. If the target self-cleansing velocity at full flow is 2.0 ft/s, then an 
equivalent cleansing velocity of d/D — 0.33 is 0.74 X 2.0 ft/s, or 1.48 ft/s. Determine 
what slope is needed to provide 1.48 ft/s velocity at d/D = 0.33. 

Velocity at d/D = 0.33 is determined by reading from the left axis to the velocity 
curve and then down to determine v/V nn. The v/V my ratio is 0.64. If the self-cleansing 
velocity of full flow is targeted at 2.0 ft/s, the actual velocity at d/D = 0.33 would 
be 2.0 X 0.64 — 128 ft/s. Because the actual velocity at d/D — 0.33 of 1.28 ft/s is 
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less than the required self-cleansing velocity of 1.48 ft/s, there is a probability of 
deposition of solids in the first 10 years. To remedy this situation, it will be necessary 
to steepen the slope of the sewer to be installed to provide a full-flow velocity 
greater than 2.0 ft/s. However, other ramifications of steepening the slope must be 
evaluated to determine if this is practical. 


Surcharged Flow 


Although sewers are not usually designed to flow in a pressurized condition, some- 
times storm sewers are designed to surcharge slightly under peak flow. The Manning 
equation can be used to conduct design analysis of slightly surcharged sewers. The 
analysis of flow under pressurized conditions in the water distribution systems and 
wastewater force mains has been traditionally carried out using the Hazen-Williams 
formula. Information on the use of the Hazen-Williams formula can be found in 
Chap. C2. 


Example C12.5. A 36-in sewer pipe (n = 0.013) is laid on a slope of 2.00 ft per 
1000 ft. The length of the sewer is 1000 ft. Find the level of water in the upstream 
manhole with respect to the sewer invert when 50 cfs is conveyed. Assume that 
the downstream discharge water level is equal to the crown of the sewer at the 
downstream end. 

Solution. By solving for S, the Manning equation under full-flow conditions be- 
comes 


S- 4.66 Q?n? 
E D 533 


At Q = 50 cfs, n = 0.013, and D = 3.0 ft, S becomes 0.0056. Note that under 
surcharged conditions s in the Manning formula is taken to be the slope of the 
hydraulic gradient rather than the actual slope of the physical pipe. Therefore, for 
1000 ft the required gradient would be 5.6 ft to convey 50 cfs of flow. The drop in 
elevation of the pipe over the 1000 ft at 0.002 slope is 2.0 ft. Therefore, the surface 
of the water at the upstream manhole would be surcharged 3.6 ft above the crown 
of the pipe. 


Hydraulic Impact of Bends and Manholes 


In extensive sewer systems (except in hilly areas), most of the pipes will have mild 
slopes, and the flows will be subcritical. Extra energy losses occur at all transitions 
where changes occur in size, slope, or direction of the pipe and at junctions where 
several pipes come together. If the transitions are properly designed to allow for 
these energy losses, the condition of uniform flow may be approximated in the 
individual lines and the flows will never be at depths greater than the depths 
computed on the assumption of uniform flow. However, if the transitions are not 
properly designed, then pipes may at times flow at depths greater than the computed 
depths and surcharge may occur under peak flow conditions. The hydraulic princi- 
ples involved in transition design are illustrated in Fig. C12.6, which shows a transi- 
tion where a pipe flows into a larger pipe laid on a flatter grade. Owing to the 
turbulence created by the flow expansion, there will be a head loss h. To prevent 
the upstream pipe from flowing at a depth greater than its normal depth d,, the 
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FIGURE C12.6 Flow profile at junction. 


relative elevations of the bottom of the pipes must be such that the energy gradient 
of the downstream pipe is lower than that of the upstream pipe by the amount of 
h. This requires that the invert of the downstream be placed below that of the 
upstream pipe by the amount hip. The relationship between the various vertical 
dimensions is given by 


hip = H — A + h; (C12.7) 


The equation assumes that the loss is concentrated at the center of the transition. 
As actually constructed, the transition will take place within a manhole, and the 
channel section within the manhole is made to provide for a gradual transition 
between the two pipes. If the computed invert drop hip is negative, it is usually 
taken as zero and the pipe inverts are placed at the same elevation. 

The energy loss h; is usually small, but it can assume fairly high values when 
high velocities are involved. Data on the magnitudes of h, are scarce, but such data 
as are available indicate that h, can be represented as a fraction of the change in 
velocity heads in accordance with the equation 


y? 
h = Ka(5-) (C12.8) 
2g 


where h; is the energy loss in feet (meters) caused by the transition, K is a constant 
characterizing the degree of the hydraulic disturbance of the transition, V is the 
velocity in feet per second, and g is 32.2 ft/s per second, or ft/s? (9.81 m/s’). 

Values of K for smooth transitions are as low as 0.10 for increasing velocity 
transitions and 0.20 for decreasing velocity transitions. Increased transition losses 
occur when a sewer line changes direction and at junctions where one or more 
branch sewers join a main sewer. Reliable information on the transition head losses 
in such cases is almost entirely lacking. The hydraulic design of junctions may be 
considered as the design of two or more transitions, one for each path of flow. The 
exit sewer is common to all paths, and its invert must be placed at the lowest 
computed elevation. Because of the lack of information on the transition losses, 
allowances are usually made in accordance with the judgment of the designer. An 
arbitrary procedure which is commonly adopted is to allow about twice as much 
loss along flow paths in junctions as the allowances for simple transitions involving 
the same velocities. 
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ASPECTS OF NONUNIFORM FLOW 


As stated previously, routine design procedures for sewers assume uniform-flow 
conditions. This assumption, although not precisely correct, is adequate in the 
majority of situations. Note that some situations require a more thorough analysis 
of nonuniform flow conditions. 

The significance of some nonuniform flow conditions is illustrated by reference 
to Fig. C12.7. The flow conditions for each of the cases shown are explained 
briefly below: 


1. A channel with a mild slope discharges freely into the atmosphere (Fig. C12.7a). 
The critical depth will occur at the outlet. The depth will increase at successive 
sections upstream until the normal depth is reached, beyond which the flow will 


(a) (b) 


Note: 
dn= normal depth, de» critical depth, d, 2 = actual flow depth, H = energy head 


FIGURE C12.7 Examples of nonuniform flow profiles. 
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be uniform. In many cases the length of the channel will be much less than the 
distance required to develop normal depth. The significance of this fact is that 
for a short stretch of pipe, its actual capacity to carry flow without surcharge 
may be much greater than would be calculated by assuming uniform flow. 


2. A channel changes slope from mild to steep (Fig. C12.7b). The conditions up- 
stream of the junction will be the same as for case 1. The depth downstream of 
the junction will decrease and approach normal depth. 

3. A channel changes slope from a mild slope to another mild slope (both slopes 
steeper than the uniform-flow slope) (Fig. C12.7C). There will be a gradual 
decrease in the depth from section to section. 

4. A channel changes slope from steep to mild (Fig. C12.7d). In this case, the 
change from the upstream supercritical flow to the downstream subcritical flow 
will take place suddenly in a “hydraulic jump." The position of the jump may 
be either upstream or downstream of the junction, depending upon the relative 
values of the various parameters which control the flow pattern. 

5. A steep slope discharges into the atmosphere (Fig. C12.7e). In this case the flow 
will be at the normal supercritical flow, provided that the upstream control has 
permitted normal depth to be developed. 


The foregoing discussion on nonuniform flow is presented to show the reader 
the importance of understanding these principles. For detailed presentation of 
nonuniform flow, the reader is referred to textbooks on the subject." 


DESIGN ASPECTS OF SEWERS 


Sewer designs are governed by minimum design standards in many areas. In the 
United States, various city, county, or state standards may apply. Various countries 
also have national standards. Many of these standards repeat similar design criteria. 


Commonly Used Design Criteria 
Commonly used design criteria include the following: 


* Minimum size for gravity sewers: 8-in (200-mm) diameter. 
* Minimum depth: Sufficient to receive sewage from basements and prevent 
freezing. 
* Slope: 
As required to produce velocities no less than 2.0 ft/s (0.6 m/s) when flowing full 
atn — 0.013. 
Uniform slope between manholes. 
Sewers with velocities greater than 15 ft/s (4.5 m/s) should be properly protected. 
* Alignment: Sewers 24 in (600 mm) or less should be straight between manholes. 


* Changes in pipe size: When smaller sewer joins a larger pipe, the invert of the 
larger sewer should be lowered to maintain the energy gradient. This criterion 
is approximately met by matching the 0.8 depth point of both sewers, or by 
matching crowns in smaller pipes. 

* Manholes: Manholes should be placed at the end of each line; at all changes in 
grade, size, or alignment; at all intersections of sewers; and at intervals of not 
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more than approximately 400 ft (120 m) in smaller sewers and 600 ft (180 m) in 
larger sewers. 

* Relationto water mains: Sewers shall be at least 10 ft horizontally from water mains, 
and where they cross, an 18-in (450-mm) minimum separation shall be maintained. 


* Design pressure: Sewers convey wastewater under atmospheric pressure. In some 
instances, where the wastewater must be pumped, the pipe must be designed 


for maximum expected internal pressure. For additional information refer to 
Chap. Cl. 


* Design temperature: Wastewater and stormwater are generally at ambient temper- 
atures. The temperature of the stormwater may vary significantly depending on 
the season, such as winter and summer; however, no special consideration is 
warranted for the design of underground sewer pipes. 


DESIGN EXAMPLES 


Design examples are presented for a sanitary sewer system and a storm sewer 
system in the following section. These examples are adapted from Ref. 8. 


Design Example of Sanitary Sewer 


Example C12.6. Design a sanitary sewer system for the residential district shown 
in Fig. C12.8. The district is two-thirds developed; therefore the probable future 
population density can be estimated without making a detailed population study. 
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FIGURE C12.8 Typical map for the design of sanitary sewers. (Adapted from Ref. 8.) 
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It is estimated that the future average saturation population density will be 65 
persons per acre. The maximum hour rate of flow of sewage is estimated at 250 
gpcd. The maximum rate of groundwater infiltration to the sewers, to be provided 
for, is 2000 gpd per acre of the service area. 

The minimum size of sewer is to be 8 in. The minimum velocity of flow in the 
sewer when full is to be 2.0 ft/s. The capacity of the sewers will be determined by 
using Manning's equation with a recommended n value of 0.013. 

Since the homes in this area have basements, the minimum depth below the 
street surface to the top of the sewers will be 7.0 ft. (In areas where basements are 
not normally constructed, the depth of cover to the top of the sewer may be as 
little as 3.0 ft.) 

Solution 


1. Draw a line to represent the proposed sewer in each street or alley to be 
served. Near the line indicate by an arrow the direction in which the sewage is to 
flow. Except in special cases, the sewer should slope with the surface of the street. 
It is usually more economical to plan the system so that the sewage from any street 
will flow to the point of disposal by the most direct (and consequently the shortest) 
route. 

The lines representing the system will often resemble a tree and its branches. 
In general, the laterals connect with the submains; and these, in turn, connect with 
the main or trunk sewer, which leads to the point of discharge. 

2. Locate the manholes, giving each an identification number. 

3. Sketch the limits of the service areas for each lateral, unless a single lateral 
will be required to accommodate an area larger than can be served by the minimum 
size of sewer with the minimum slope, in which case a further subdivision may be 
required. Where the streets are laid out, the limits may be assumed as being midway 
between them. If the street layout is not shown on the plan, then the limits of the 
different service areas cannot be determined as closely and the topography may 
serve as a guide. 

4. Measure the acreage of several service areas. At this point, the design may 
be represented as shown in the plan view in Fig. C12.9. 

5. Prepare a tabulation, such as that shown in Table C12.5, with columns for 
the different steps in the computation and a line for each section of sewer between 
manholes. This tabulation is a concise, time-saving method and shows both the 
data and the results in orderly sequence for subsequent use. 

Use column 1 for numbering the lines ofthe table, for ready reference. Determine 
by inspection the manhole that is farthest from the point of discharge, and enter 
its identification number in the first line of column 2, and the number corresponding 
to the manhole next on the line downstream toward the trunk sewer in column 3. 
Enter the name of the street or alley in column 4, the length between manholes in 
column 5, and the area in acres to be served by the sewer at a point just upstream 
up the lower manhole in column 6. 

On the next line enter the corresponding data for the next stretch of sewer, and 
in column 7 enter the sum of the areas listed in column 6. The area in column 7 
is the basis for computing the required capacity of the sewer. Enter the data for 
each section of sewer in the above manner, following the line to the point of 
discharge, including the trunk or main sewer. 

Enter in column 8 the rate of flow in the sewer, which is equal to the maximum 
per capita rate of sewage flow multiplied by the assumed future density multiplied 
by the area shown in column 7. 

Enter in column 9 the rate of allowance for groundwater infiltration, which is 
equal to the rate per acre to be provided for, multiplied by the area in column 7. 
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FIGURE C12.9 Map showing manholes, sewer lines, and subareas for sanitary sewer design 
example. (A dapted from Ref. 8.) 


Column 10 contains the sums of the figures in columns 8 and 9, in million gallons 
per day. In column 11 this rate is converted to cubic feet per second, which is the 
more convenient way of expressing the capacity of sewers, since most diagrams 
and tables indicate the capacity of circular pipes in cubic feet per second (1.0 mgd 
= 1.54 cfs). 

Column 12 contains the required sewer sizes; column 13, the slope, column 14, 
the velocity when the sewer is full; and column 15, the capacity. Column 16 contains 
the elevations of the street surface at the manhole corresponding to the identification 
number in column 2. Columns 17 and 18 contain the invert elevations of the upper 
and lower ends, respectively, of each reach of sewer. 

In selecting the sewer sizes and slopes, the designer makes use of profiles, such 
as the one shown in Fig. C12.10. This allows the designer to select a minimum 
sewer size and slope that will carry the computed flow and that also will meet 
minimum-depth criteria. 


Design of Storm Sewer System 


Example C12.7. Design a storm sewer system for the area shown in Fig. C12.11. 
The location of the proposed main storm sewer that is to receive the stormwater 
from the district is shown on the map, and the invert elevation is known at the 
point where the proposed branch storm sewer is to be connected and for which 
provision has been made in the design of the main storm sewer. The required lowest 
elevation of the invert of the branch storm sewer is therefore known at the proposed 
point of discharge into the main storm sewer. 
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TABLE C12.5 Computations for a Sanitary Sewer 


Total max. 
flow, sewage Surface 
Area, acres Ground- and ground- eleva- Invert elevation, ft 
From To —— water water Size of Veloc- Capac- tion, 
manhole manhole Length, | Incre- Sewage, at 2000 ——— — ——— sewer, — Slope, ity, ity, upper Upper Lower 
Line no. no. Location ft ment Total mgd* gpad mgd ft/s in ft/ft ft/s ft/s end, ft end end 
(1) Q 6) (4) 6) © 0 (8) (9) a0 aD 2 (3 (4 (5 (0 (17) (18) 
1 57 58 Forest Ave. 380 8 0.004 22 0.77 208.2 200.40 198.89 
2 58 59 Forest Ave. 370 8 0.004 22 0.77 206.4 198.89 197.40 
3 59 61 Forest Ave. 365 8 0.004 2.2 0.77 205.2 197.40 195.94 
4 61 62 Forest Ave. 370 8 0.004 2.2 0.77 204.3 195.94 194.46 
2] 62 11 Forest Ave. 240 12.1 0.196 0.024 0.220 0.34 8 0.004 2.2 0.77 202.0 194.46 193.50 
6 11 12 Forest Ave. 130 35.2 47.3 0.767 0.095 0.862 1.34 12 0.0023 2.2 1.70 201.6 189.30 189.00 
7 12 13 Forest Ave. 82 11.8 59.1 0.960 0.118 1.078 1.67 12 0.0023 2.2 1.70 202.1 189.00 188.61 
8 Ja 14 Center St. 280 33 64.4 1.046 0.129 1.175 1.82 15 0.0017 2:3 2.70 202.8 188.56 188.08 
9 14 15 Center St. 275 192 83.6 1.360 0.167 1.527 2.37 15 0.0017 23 2.70 203.2 188.08 187.61 
10 15 16 Center St. 113 123. 95.7 1.555 0.191 1.746 2.70 15 0.0020 24 2.90 203.6 187.61 187.38 
11 16 17 Center St. 245 2.8 98.5 1.600 0.197 1.797 2.78 15 0.0024 2.6 3.20 203.7 187.38 186.79 
12 17 18 Center St. 375 12.4 110.9 1.800 0.222 2.022 3.13 15 0.0024 2.6 3.20 203.3 186.79 185.89 
13 18 19 Right of way 130 42 115.1 1.871 0.230 2.101 3.26 15 0.0025 2; 327 196.0 185.89 185.56 


* Based upon a maximum rate of 250 gpcd and 65 persons per acre. 

Note: ft X 0.3048 = m; acre X 0.4048 = hectare; mgd X 3785 = m?/d; ft3/s X 28.3 = l/s; in X 25.4 = mm; ft/s X 0.3048 = m/s; mgd = million gallons per day; 
gpad — gallons per acre per day; gpcd — gallons per capita per day. 

Source: Adapted from Ref. 8. 
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FIGURE C12.10 Typical profile for sanitary sewer design example. (A dapted from Ref. 8.) 


A careful study of local conditions, including the present and probable future 
development of the district, indicates that 70 percent of the surfaces in the district 
are expected to be impervious. The inlet time has been assumed to be 20 min. The 
storm sewers are to be designed for the 5-year level of protection of the area. 

For this design example, the rate of rainfall is taken from the assumed curve of 
intensity of precipitation represented by the formula i = 20.4/t^*.. in which i is 
rainfall intensity in inches per hour andtis rainfall duration in minutes. This formula 
represents the average rate of rainfall for a duration of t min which may be expected 
to be equaled or exceeded on the average once in a 5-year period. The rainfall and 
runoff curves are shown on Fig. C12.12. 

Note that the intensity of precipitation curve in Fig. C12.12 is site-specific for 
the geographical area under consideration. For different areas different curves may 
exist, and they can be obtained normally from state agencies. Note also that the 
intensity of precipitation in the example is for the 5-year recurrent-interval storm. 
For the design of systems for greater or lesser levels of protection, different curves 
would be used. The runoff curves are provided for various coefficients of runoff 
C. The curves plot out the Ci terms in the rational method equation Q = CiA. 
Units for runoff are in inches of runoff per hour. 

To illustrate the use of the chart, assume that a particular area has a time of 
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FIGURE C12.11 Map for storm sewer design example. (A dapted from Ref. 8.) 


concentration of 60 min and that the area is 70 percent impervious. The runoff 
would be read directly from the Ci curve for 70 percent imperviousness at 1.02 
in/h of runoff. Multiplying this number by the drainage area in acres yields the 
runoff flow in cubic feet per minute (1 cfs is almost exactly equivalent to 1 acre- 
in/h). Note that a 70 percent impervious area yields a coefficient of runoff C of 
about 0.60 for a 60-min. duration storm. The weighted-average coefficient of runoff 
C of an area composed of 70 percent impervious area at a runoff coefficient of 0.80 
and 30 percent pervious area with a runoff coefficient of 0.15 is 0.605. Runoff from 
a 60-acre area with a composite C of 0.605 for a storm with an intensity of precipita- 
tion of 1.68 in/h would be 61 cfs. This result can also be obtained by reading 1.02 
in/h off the 70 percent impervious curve on Fig. C12.12 for a 60-min duration and 
multiplying by the area of 60 acres, to yield 61 cfs. 

While it was recognized that storm sewers designed on this basis might be 
overtaxed on the average of once in about 5 years, it was not considered reasonable 
to provide for storms of greater intensity, because of the greater cost. During the 
earlier years of the life of storm sewers, they will be able to carry the runoff from 
higher rates of rainfall than they will be able to carry later, because the assumed 
coefficients of runoff are based upon future (with larger fraction of impervious 
areas) rather than present conditions, which may include a larger fraction of pervious 
areas. A progressive increase in impervious surface and associated runoff will be 
caused by the gradual substitution of roofs and paved areas for presently unim- 
proved areas. 

Figure C12.11 shows the drainage area. Street elevations are shown in Fig. C12.8. 
The limits of this area are influenced not only by the surface contours but also by 


TTG. RM ? 
nuu 
LITT 
70 75 80 85 


So 
65 


intensity of precipitation, in./hr 


g o 
E l © 
E j 

oS 59 I 

69.25 [ 
o SE 

Eene f 

o0 j a 

ISESE 

O22 os 


iC 


+ 
+ + 
1 Q= 
-+H a 


TTT 
EEHETE 

H HEREH BSE! 
40 


os 
E 
EBENEN 


FIGURE C12.12 Precipitation-intensity curves for various degrees of imperviousness. (Adapted from Ref. 8.) 
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the service areas of existing storm sewers. In a district where the surface slopes are 
moderate and generally uniform, contour maps may not be required. Instead, surface 
elevations may be adequate if they are obtained for street intersections, for high 
and low points, and at locations of change of surface slope. 

The storm sewers are to be designed, in general, with the crown at a depth of 
at least 5 ft (1.5 m) below the surface of the street. The minimum size of sewer is 
to be 12 in (300 mm). The assumed minimum average velocity is 3.0 ft/s when flow 
is at full depth. 

The capacities of the sewers are to be determined by using a value of n- 0.013. 
Velocities for flow at design conditions may be higher for storm sewers than for 
sanitary sewers because the design storm flow is many times greater than the peak 
sewage flow in sanitary sewers. Because of high velocities, it is important to provide 
for additional head to compensate for losses, such as those due to bends, manholes, 
transitions, and velocity changes. 

Solution 


1. Draw a line to represent the storm sewer in each street or alley to be served. 
Place an arrow near each sewer to show the direction of flow. The sewers should, 
in general, slope with the street surface. It will usually prove to be more economical, 
however, to lay out the system so that the water will reach the main storm sewer 
by the most direct route. 


2. Locate the manholes tentatively, giving to each an identification number. In 
this example, a manhole is to be placed at each bend or angle, at all junctions of 
storm sewers, at all points of change in size or slope, and at intermediate points 
where the distance exceeds 400 ft (120 m) on 12- to 24-in (300- to 600-mm) sections. 
Where a good velocity would be maintained during practically all conditions of 
flow, and the sewer is large enough for workers to walk without stooping, intervals 
between manholes up to 600 ft (180 m) may be used. Sufficient manholes should 
be built to allow access for inspection and cleaning. Later, when the profiles are 
drawn and the final slopes are fixed, it may be desirable to change the locations 
for some manholes so that the sewers would be at the most advantageous depth, 
particularly where the slope of the street surface was not substantially uniform. 
Other considerations, such as obstacles underground, may require the installation 
of additional manholes, due to change in alignment or special forms of construction 
involved in junctions or connections with other sewers. 


3. Sketch the limits of the drainage areas tributary at each manhole. The assumed 
characteristics of future development and the topography will determine the 
proper limits. 


4. Measure each individual area by planimeter or other methods that will give 
equally satisfactory results. Now use of computer programs makes it much easier 
to obtain very accurate results. 


5. Prepare a tabulation to record the data and steps in the computations of each 
section of sewer between manholes. 


The computations for a selected line of this section are shown in Table C12.6. 
Computations are carried out as follows: Columns 1, 2, 3, 4, 5, and 6 are identified 
from the layout map of the system in Fig. C12.11. Column 7 is the travel time to 
the upstream manhole considered. For line 1, 20.0 min is the inlet time for overland 
flow to reach the farthest inlet. For line 2 it is 20.0 min plus the travel time (1.7 
min) in the sewer from points 1 to 2. The travel time in section (column 8) is 
calculated by dividing column 4 (length) by column 13 (velocity) and then dividing 
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TABLE C12.6 Computations for Storm Sewers* 


Travel time 


Re- 
To Rate quired Invert elevation, ft 
Incre- upper In of capac- Pipe Veloc- Capac- Surface — 
Length, ment, Total end, section, runoff, ity, size, Slope, ity, ity, eleva- Upper Lower 
From To Location ft acres acres min min ft}/s/acre — ft?/s in ft/ft ft/s ft?/s tion, ft Fall, ft end end 
0 OQ O 0 © © 0 ( 9 aa D (02 (Q3 (45 (05 (9 A) Q9 
1 1 2 Maple St. 300 2.3 23 20.0 17 56 3.6 15 0.003 2.9 3.6 206.2 0.90 199.90 — 199.00 
2 2 3 Maple St. 300 24 4.7 217 1:7 51 71 21 0.002 3.0 7.2 206.5 0.60 198.50 197.90 
3 3 4 Maple St. 300 22 69 234 1.6 47 101 24 0.002 32 10.2 206.6 0.60 197.65 97.05 
4 4 5 Maple St. 165 1.5 84 250 0.7 42 11.9 24 0.0027 3.8 11.9 207.1 0.45 197.05 96.60 
5 5 6 Redwood St. 325 22 10.6 25.7 14 40 149 27 0.0023 3.8 15.0 207.4 0.75 196.35 95.60 
6 6 7 Center St. 400 3.1 133- ED 1.7 38 189 30 0.0021 3.9 18.8 206.1 0.84 195.35 94.51 
7 7 8 Center St. 35 6.0 19.7 288 0.2 34 264 30 0.004 2:2. 26.0 203.2 0.14 194.51 94.37 
8 8 9 Center St. 230 10.2 29.9 29.0 1.0 34 40.0 42 0.0016 4.1 41.0 203.2 0.37 193.37 93.00 
9 9 10 Center St. 240 5:7 35.6 30.0 0.9 32 470 42 0.0022 4.9 47.0 201.9 0.53 193.00 92.47 
10 10 11 Forest Ave. 110 11.9 475 309 0.4 1.31 62.3 48 0.0018 4.9 62.0 201.6 0.20 191.97 91.77 
11 (11 12 Forest Ave. 95 11.1 58.6 313 0.3 30 76.3 54 0.0015 4.8 76.0 202.1 0.14 191.27 91.13 
12 12 13 Center St. 295 5.6 64.2 31.6 0.9 30 833 54 0.0018 52 84.0 202.8 0.53 191.13 90.60 
13 13 14 Center St. 260 17.2 814 325 0.8 28 104.0 60 0.0015 53 103.0 203.2 0.39 190.10 89.71 
14 14 15 Center St. 145 13.7 95.1 333 0.5 27 121.0 66 0.0013 5.1 121.0 203.6 0.19 189.21 89.02 
15 15 16 Center St. 225 2.9 98.0 33.8 0.7 26 1240 66 0.0014 52 126.0 203.7 0.32 189.02 88.70 
16 16 17 Center St. 380 132: - TAA, “34:5 1.1 23 139.0 66 0.0017 5.8 129.0 202.5 0.65 188.70 88.051 
17 17 18 Private land 165 41 31153 35.6 — 1.24 143.0 48 0.0096 11.4 143.0 196.0 1.59 187.32 85.73 
* Figures in column 8 are obtained by dividing those in column 4 by 60 and by the figures in column 13. Figures in column 10 are obtained by multiplying those in 
column 6 by the figures in column 9. Figures in column 16 are obtained by multiplying those in column 4 by the figures in column 12. 
+ The difference in the elevations of the 66-in sewer at point 17 and the 48-in outlet sewer would allow for velocity head increase and bend losses. ft x 0.3048 = m; 


in X 25.4 = mm; acre X 0.4048 = hectare; ft3/s X 28.3 = l/s. 
Source: Adapted from Ref. 8. 
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the result by 60 to convert the time to minutes. Column 9 (runoff rate) is read from 
Fig. C12.12, using the 70 percent impervious curve for the time listed in column 7. 
Column 10 (required capacity in cubic feet per second) is calculated by multiplying 
column 9 by column 6. 

Columns 11 and 12 involve designing the pipe segment. A particular size and 
slope are determined from the Manning equation. Slope are determined by the 
constraints of (1) maintaining adequate cover of 5.0 ft over the crown of the 
pipe at upstream and downstream manholes, (2) maintaining a minimum full-flow 
capacity of 3.0 ft/s, and (3) avoiding as much as possible excessive excavation 
depths. Column 13 (velocity) is determined from the Manning equation and from 
Fig. C12.5 for determining velocities in partially filled sewers. Column 14 is the 
full-flow capacity of the pipe as determined from the size and slope. The capacity 
should equal or exceed the required capacity listed in column 10. 

Column 15 (surface elevation) is taken from street maps, survey information, 
or topographical maps in preliminary design. Column 16 (fall) is calculated by 
multiplying column 12 (slope) by column 4 (length). Column 17 (invert at upstream 
end) presents the invert at the upstream manhole. At the farthest manhole the 
required depth of cover of 5.0 ft normally governs as a starting point. Note that in 
line 1 the invert of 199.90 plus the pipe size of 1.30 ft (15-in pipe with allowance 
for pipe thickness) gives an elevation of the top of the pipe as 201.20. This is 5.0 
ft below the surface. 

Column 18 (invert elevation at downstream end) is calculated as column 17 
(upstream invert) minus column 16 (fall). The lower or downstream elevation should 
be checked to ensure that a minimum of 5.0 ft of cover is maintained. Note that 
when pipe sizes change, the crowns of the sewers are generally matched. Therefore 
column 17 on line 2 is 0.50 ft lower than column 18 for line 1. This is accounted 
for by the increase in pipe size from 15 to 21 in. 

Each lateral is then designed in a similar way. If necessary, the first design of the 
submain is subsequently modified so as to serve the laterals properly. It is possible in 
some cases to omit some manholes on lateral storm sewers, using the inlet substruc- 
tures at which junctions and changes in size, direction, or slope may be made. 

In relatively flat areas, the design is influenced by the total available head 
(elevation difference) between the outlet of the system and the upstream area. In 
such cases, the designer needs to be cognizant of the overall limitation when starting 
the analysis. In such areas, larger pipe sizes at flatter slopes will be required. 

Finally, the outlet conditions at the downstream end of the system may be 
variable, especially if the storm sewer discharges to a stream or river. In such cases, 
the designer must determine an outlet design condition (level of the river) to form 
the basis for the hydraulic computations. The outlet condition, which may be the 
5-year recurrent stage level in the river, is determined in conjunction with policymak- 
ers. The outlet condition selected will, especially in flat areas, have a large impact 
on the design and the cost of the project. 


SEWER PIPE 


Available Pipe Materials 


The materials of which street sewer pipes are most commonly constructed are 
vitrified clay pipe, concrete, plastic, and ductile iron pipe. Suggested specifications 
and other pertinent information about sewer pipes are presented in Table C12.7. 
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TABLE C12.7 General Information and Suggested Specifications for Piping and Joints 


Joint type & 
Pipe material Commercial Commercial material Max. buried 
specifications size, in length, ft specifications depth, ft 


Installation 
specifications Remarks 


Vitrified clay pipe 


ASTM C700 4-12 4,6 ASTM C425 Buried depth shall be calculated 
ASTM C700 15-24 pi ASTM C425 bell-and-spigot based on bedding conditions. 
joint & rubber gaskets For calculation refer to clay 


pipe engineering manual 


Concrete pipe 


ASTM C14 6-24 3%, 4, 6, Mortar Buried depth for 6 in 
TA ASTM C443 bell & spigot Sewer up to 25 ft; for 24-in 
joint, rubber gaskets sewer up to 10 ft. 


Reinforced-concrete pipe 
ASTM C76 12-120 6, 72, 12 ASTM C443 bell & spigot 35 
joint, rubber gaskets 


ASTM C361 12-42 8 ASTM C433 bell & spigot 20 
48-108 Tr joint, rubber gaskets 


Reinforced-concrete elliptical culvert 
ASTM C507 14 x 23 to TA ASTM C877 external seal- 15 ft for horizontal elliptical 
63 x 93 ing bands, bell & spigot pipe 


ASTM C12 for installation 

ASTM C828 for air testing 

ASTM C1091 for infiltration and 
exfiltration testing 


ASTM C924 for air testing Classification, 1-3 
ASTM C969 for infiltration and for gravity sewer 
exfiltration testing only 
ASTM C924 for air testing Classification, I- V 
ASTM C969 for infiltration and for both pressure 
exfiltration testing and gravity. For 
ASTM C1103 for joint accep- the strength of 
tance testing each class, see lat- 
est revision of 
ASTM C76. 
ASTM C924 for air testing Classification A, B, 
ASTM C969 for infiltration and C, D. For low 
exfiltration testing head 25, 50, 75, 
ASTM C1103 for joint accep- 100, 125 ft only. 


tance testing 


ASTM C924 for air testing Classification, HE- 
ASTM C969 for infiltration and A, HE-I to HE- 

exfiltration testing IV, VE-II to VE- 
ASTM C1103 for joint accep- VI 


tance testing 
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TABLE C12.7 General Information and Suggested Specifications for Piping and Joints (Continued) 


Joint type & 


Pipe material Commercial Commercial material Max. buried Installation 
specifications size, in length, ft specifications depth, ft specifications Remarks 
Reinforced-concrete box culvert 
ASTM C789 36 X 36 to Th ASTM C877 bell & spigot 60 For buried depth 
144 x 144 for specific cul- 
vert, consult with 
concrete products 
manufacturer 
ASTM C850 36 X 36 to Tr ASTM C877 bell and spigot 1 
144 x 144 
PVC pipe 
ASTM D1785 Ye—12 20 ASTM D2672 socket joint Buried depth shall be calculated ASTM D2321 for installation Schedule 40, 80, 
15-27 20 ASTM D2564 solvent ce- based on bedding conditions ASTM D2774 for installation 120. 
ment, bell and spigot and sewer strength ASTM C969 for infiltration and For up to 6-in pipe 
exfiltration testing For both pressure 
ASTM C924 for air testing and gravity 
sewers 
ASTM D2241 ASTM D2672 socket joint ASTM D2321 for installation Classification SDR 
ASTM D2564 solvent ASTM C924 for air testing from 13.5-64 
cement ASTM C969 for infiltration and For both pressure 
ASTM D3139 for pipe exfiltration testing and gravity sewer 
joints 
ASTM F477 rubber gasket, 
bell & spigot 
ASTM D2729 2-6 20 ASTM D2672 socket joint ASTM D2321 for installation For gravity sewer 
ASTM C924 for air testing 
ASTM C969 for infiltration and 
exfiltration testing 
ASTM F679 18-36 20 ASTM D3139 for pipe joint ASTM D2321 for installation For gravity sewer 
ASTM F477 rubber gasket, ASTM C924 for air testing 
bell & spigot ASTM C1103 for infiltration and 
exfiltration 
ASTM F794 4-48 20 ASTM D3139 ASTM D2321 for installation For gravity sewer 
ASTM F477 bell & spigot ASTM C924 for infiltration and 
exfiltration testing 
ASTM C1103 for joint accep- 
tance testing 
Ductile iron pipe 
AWWA C151/ 4-36 18 AWWA C111 32 Classification, 50-56 
ANSI A21.51 ANSI A21.11 bell & spigot laying condition 


mechanical, push-on, 
flange, rubber gaskets 


and buried depth 
governs pipe clas- 
sifications 
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Vitrified Clay Pipe. Vitrified clay pipe is manufactured in standard and extra- 
strength classifications. It is widely used, especially in smaller sizes because of its 
resistance to corrosive wastewaters. It is generally available in sizes from 4 in to 
36 in (100 mm to 900 mm), in laying lengths from 1 to 10 ft. Larger-diameter (48 
in) pipes may be available by special order. 

Concrete Pipe. Concrete pipe is available in either plain or reinforced classifi- 
cations in various strength categories. Concrete pipe is widely used especially in 
larger sizes. Unreinforced concrete pipe is available in sizes from 4 in to 36 in (100 
mm to 900 mm), and reinforced concrete pipe is available in sizes from 12 in to 
144 in (300 mm to 3600 mm) in five strength classifications. For details of classifica- 
tion refer to ASTM Standard C76. Joints are normally made with rubber gaskets 
in grooves formed in the tongue. Other jointing systems are also available. 

Advantages of concrete pipe are its wide range of sizes, laying lengths, and 
strengths. A disadvantage of concrete pipe for sewers is that it is subject to corrosion 
under acidic conditions. If flow velocities are insufficient to prevent the deposition 
of organic solids, septic conditions may result. Hydrogen sulfide gas produced by 
anaerobic decomposition of organic matter becomes oxidized to produce sulfuric 
acid, which damages the pipe. This condition can usually be prevented by designing 
the sewers so that self-cleansing velocities will occur most of the time. Protective 
linings including coal tar, coal-tar epoxy, vinyl, and epoxy mortars can be used to 
prevent corrosion where wastewater is expected to be highly acidic or where deposi- 
tion of solids is anticipated. Additional information can be obtained from the 
American Concrete Pipe Association. 


Plastic Pipe. Plastic pipe used in sewage systems includes PVC (polyvinyl chlo- 
ride), ABS (acrylonitrile-butadiene-styrene), and PE (polyethylene). All offer ad- 
vantages of corrosion resistance, low friction characteristics, and light weight. Plastic 
pipes are generally less rigid. They require proper bedding and lateral support. 
Polyethylene and ABS pipes are also available in a variety of standard and proprie- 
tary products. The reader is referred to manufacturers for more information on 
these pipes. Available size ranges from 4 in to 15 in (100 mm to 375 mm). 


Ductile Iron Pipe. Ductile iron pipe (DIP) is employed in sewerage primarily for 


force mains and for piping in and around buildings. It is generally not used for 
gravity sewer applications. 


APPURTENANCES AND SPECIAL STRUCTURES 


Essential to all sewerage systems are the appurtenant structures such as service 
connections, manholes, junction chambers, stormwater inlets, and diversion cham- 
bers. The design of such structures is not covered in detail in this chapter, but 
typical designs for the most commonly used appurtenances are presented briefly. 


Building Service Connections 


Figure C12.13 shows typical details of service connections to a sanitary sewer laid 
in a relatively shallow trench; Fig. C12.14 shows a typical connection to a deep 
sewer. Note that the connection shown in Fig. C12.13 makes use of either a wye 
branch or a tee branch in the main sewer line. 
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For future connection 
plug at this point 


Curb ine 


FIGURE C12.13 Typical service connections to a shallow sewer. 


(B) Elevation 


Junction Chambers and Manholes 


Figure C12.15 shows a typical design for a junction chamber and manhole for 
relatively small sewers. For manholes on large sewers, a special underground struc- 
ture will ordinarily be required, and the entrance to it will be provided for by a 
manhole located at one side. Such chambers and manholes are required at every 
sewer junction and at every point where the sewer changes in size, slope, direction, 
or elevation. It is general practice to install sewers in straight lines between manholes, 
except that for the larger sizes [36 in (900 mm) and above] which may be laid on 
curves. Manholes are usually installed at the upper end of every lateral sewer and 
in straight-line sewers so that the spacing will not exceed about 400 ft (120 m) to 
600 ft (180 m). Figure C12.16 shows typical details of a “drop manhole” at a point 
where a sewer takes an abrupt drop in grade. 


Stormwater Inlets 


Stormwater inlets which carry stormwater from the streets to the storm sewers are 
located upstream of the crosswalks at street intersections and at low points. The 
designs vary considerably, and most cities have adopted their own standard design 
details. There are three general types of inlets: (1) curb inlets, which have a vertical 
opening in the curb; (2) gutter inlets, in which a horizontal opening in the gutter 
is covered by a cast-iron grating; and (3) combination inlets, which combine both 
the above features. Many types and sizes of standard castings are available for the 
construction of inlets. 
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FIGURE C12.14 Typical service connection to a deep sewer. 
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FIGURE C12.15 Junction chamber and manhole for small sewers. 
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FIGURE C12.16 Drop manhole. 


Sewage Pumping 


In many sewer system layouts, it is necessary to provide for pumping at one or 
more points. The required pumping capacity will vary from a few gallons per minute 
for stations serving only a few laterals to many millions of gallons per day for 
stations serving large districts. The smaller stations are frequently built underground, 
either as built-in-place or as complete factory-assembled units. Pumping is usually 
done with nonclog centrifugal pumps, although pneumatic ejectors are sometimes 
used for the smaller installations. For detailed discussion of the design of sewage 
pumping stations, see the ASCE-WPCF manual.’ 


Structural Requirements 


Sewers must be installed so as to be able to withstand the loads imposed upon 
them by the weight of the earth and any superimposed loads. The supporting 
strength of a buried pipe depends upon the installation conditions as well as the 
structural properties of the pipe itself. Sewer pipes are classified as rigid pipes, 
which cannot deform materially without cracking. For rigid pipes in trenches, the 
load can be represented by the equation 


W = CwB? (C12.9) 


where W = load, lb/ft (kg/m) of length 
w = weight of soil, lb/ft? (kg/m?) 
B — width of trench at the top of pipe, ft (m) 
C = dimensionless coefficient whose value depends upon type of soil and 
ratio of depth of cover to trench width 


Table C12.8 gives values for C, and Table C12.9 gives values of w to be used in 
the equation. 

If a pipe is placed on undisturbed ground and covered with a fill, the load can 
be estimated from 


W = CwD? (C12.10) 
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TABLE C12.8 Values of C for Use in Formula W = CwB? 


Ratio of depth 


to trench Sand and Saturated Damp Saturated 

width damp topsoil topsoil clay clay 
0.5 0.46 0.46 0.47 0.47 
1.0 0.85 0.86 0.88 0.90 
15 1.18 1.21 1.24 1.28 
2.0 1.46 1.50 1.56 1.62 
2.5 1.70 1.76 1.84 1.92 
3.0 1.90 1.98 2.08 2.20 
3.5 2.08 2.17 2.30 2.44 
4.0 2.22 2.33 2.49 2.66 
4.5 2.34 2.47 2.65 2.87 
5.0 2.45 2.59 2.80 3.03 
5.5 2.54 2.69 2.93 3.19 
6.0 2.61 2.78 3.04 3.33 
6.5 2.68 2.86 3.14 3.46 
7.0 2.73 2.93 3.22 3.57 
7.5 2.78 2.98 3.30 3.67 
8.0 2.81 3.03 3.37 3.76 
8.5 2.85 3.07 3.42 3.85 
9.0 2.88 3.11 3.48 3.92 
9.5 2.90 3.14 3.52 3.98 
10.0 2.92 3.17 3.56 4.04 
11.0 2.95 3.21 3.63 4.14 
12.0 2.97 3.24 3.68 4.22 
13.0 2.99 3.27 3.72 4.29 
14.0 3.00 3.28 3.75 4.34 
15.0 3.01 3.30 3.77 4.38 
Very great 3.03 3.33 3.85 4.55 


Source: Iowa State Univ. Eng. Expt. Sta. Bull. 47. 


TABLE C12.9 Weights of Ditch- 
Filling Materials 


Material lb/ft? 
Dry sand 100 
Ordinary (damp) sand 115 
Wet sand 120 
Damp clay 120 
Saturated clay 130 
Saturated topsoil 115 
Sand and damp topsoil 100 


Note: lb/f? X 16.02 = kg/m’. 
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TABLE C12.10 Values of C for Projection Conditions 


Ratio of depth of 
cover to pipe diameter 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 


C 0.6 1.2 2.0 3.0 4.2 5.6 VES 10.0 


where D is the pipe diameter in feet. Table C12.10 gives values of C for the latter 
condition, which is known as the projection condition. The load on a pipe placed 
in a trench will increase with the trench width until it equals the load for the 
projection condition. If there is a doubt as to whether the ditch condition or the 
projection condition controls, the load should be calculated by both formulas and 
the maximum value used. 


TABLE C12.11 Percentage of Wheel Loads Transmitted to 
Underground Pipes for Unpaved Roadway or Berm Areas* 


(Tabulated figures show percentage of wheel load applied to 1 
lin. ft of pipe) 


Depth of Trench width at top of pipe, ft 
backfill 

over top of 
pipe, ft 1 2 3 4 5 6 7 


1 17.0 260 286 297 299 302 303 
2 83 142 183 20.7 218 227 230 
3 4.3 83 113 135 148 158 167 
4 2.5 25.2 42. 9.0 103 115 123 
5 1.7 3.3 5.0 6.3 7.3 8.3 9.0 
6 1.0 2:3 3:7 4.7 5.5 6.2 7.0 


Live loads transmitted are practically negligible below 6 ft. 
* These percentages include both live load and impact transmitted to 
the pipe. 


In addition to the load of the backfill, some allowance should be made for the 
superimposed loads caused by vehicles. It is usually safe to assume that H-20 wheel 
loads will be the greatest live loads to be supported. H-20 loads refer to trucks 
having a gross weight of 20 tons, 80 percent of which is on the rear axle, each rear 
wheel carrying 8 tons. Table C12.11 gives the percentage of wheel loads that can 
be assumed to be transmitted to buried pipe? 


Pipe Bedding Conditions 


The supporting strength of a rigid pipe depends upon the type of bedding used in 
the installation of the pipe. Four general types of bedding conditions have been 
defined for ditch conduits: 


Type1:Impermissible bedding. Little or no care is taken to shape the foundation 
to fit the lower part of the pipe or to fill and tamp around the pipe. 
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Type 2: Ordinary bedding. The soil at the bottom of the trench is shaped to fit 
the lower part of the pipe with reasonable closeness for a width of at least 50 
percent of the pipe diameter; and the remainder of the pipe is covered to a 
height of at least 6 in (15 cm) above its top by granular material which is hand- 
placed and -tamped. 


Type 3: First-class bedding. The pipe is carefully bedded on fine granular material 
in an earth foundation carefully shaped to fit the bottom part of the pipe for a 
width at least 60 percent of the diameter; the remainder of the pipe is entirely 
surrounded to a height at least 1.0 ft (30 cm) above the top by granular 
materials placed by hand in layers not exceeding 6 in (15 cm) and thoroughly 
tamped. 


Type 4: Concrete cradle bedding. The lower part of the pipe is embedded in con- 
crete. 


The load factors, or the ratios of the supporting strength to the crushing load, 
as determined by the three-edge bearing method (ASTM Methods C497) for the 
various types of bedding are generally taken as follows: 


Impermissible bedding 1.1 
Ordinary bedding 1.5 
First-class bedding 1.9 
Concrete cradle bedding 2.2-3.4 


The factors for the concrete cradle bedding depend upon the amount and quality 
of the concrete used. The value of 2.2 will generally apply when the concrete extends 
from about one-quarter of the pipe diameter [with minimum of 6 in (15 cm)] below 
the pipe to the height where the lower 120? sector radii intersect the outside of the 
pipe. If the concrete is carried up to cover the entire bottom half of the pipe, the 
load factor may be as high as 3.4. If the entire pipe is encased in concrete with a 
minimum of 0.25D (4 in, or 10 cm) both above and below, the load factor may be 
as high as 4.5. 


Safety Factor 


The specified minimum strength by the three-edge bearing method for a rigid pipe 
should be divided by an appropriate safety factor in order to obtain the working 
strength. Some engineers use safety factors as low as 1.0 to 1.2 for reinforced- 
concrete pipe culverts. For street sewers a safety factor of 1.5 is recommended by 
the ASCE-WPCF Manual. 


OPERATION AND MAINTENANCE 


Protecting the investment in sewer systems requires attention to installation, testing, 
operations, maintenance, and cleaning. 
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Start-up, Operation, and Maintenance 


Sanitary and storm sewer systems should be cleaned and tested prior to being put 
into service. For both types of sewer systems, tests should be carried out to confirm 
the following items: 


* Alignment 

* Elevations and pipe grades 

* Watertightness of joints 

* Location and accessibility of manholes 


Relevant data should be used to prepare a sewer atlas which will include locations 
and elevations of all sewers. This atlas is generally crucial to good operation and 
maintenance of the sewer system. 

After the sewer system is put into use, adequate care and maintenance must be 
provided to ensure continued good operation. Preventive maintenance will include 


* Spot inspections of sewers for damage at manholes 
* Identification and correction of system misuse such as illegal connections 
* Identification of missing or damaged manhole covers 


* Inspections to identify accumulations of grit and grease and the intrusion of roots 
into the system 


Testing 


Pipe joints should be tested for watertightness using an air test or a water test. Air 
tests should be carried out in accordance with ASTM C924. Water tests should be 
infiltration tests where the depth of groundwater is sufficient or exfiltration tests 
where groundwater is insufficient to submerge the section of the sewer to be tested. 
No standard testing methods are available for infiltration/exfiltration tests, but local 
agencies generally have maximum allowable rates. 


Inspections 


Periodically, the insides of sewers should also be inspected. For sewers too small 
to enter, inspections are done by using TV cameras which are pulled through the 
sewers between manholes. Modern televising systems can enter sewer laterals as 
small as 4 in (100 mm) in diameter and televise mains in excess of 60 in (1500 mm) 
diameter. The lateral inspection camera can gain access through a sewer cleanout 
or can be inserted from the main with the use of special lateral launching equipment. 
For larger sewers, inspections can also be carried out by wading or floating through 
them in a boat. The frequency of such inspections will depend on the type of system 
(sanitary or storm); the pipe material and joint types; and the local experience with 
the system. 

In all sewer inspections, safety is a major concern, especially with sanitary sewers 
where there is a danger of septicity. Precautions should be taken to avoid exposure 
to dangerous gases or to the absence of oxygen. Adequate ventilation must be 
provided, and rules must be established to indicate the appropriate course of action 
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in emergencies. In addition, all local safety requirements must be satisfied, and 
personnel should be given adequate training and equipment. 


Cleaning 


Based on results of inspections, sewers and appurtenances such as manholes and 
catch basins must be cleaned. Sewers can be cleaned by pulling, thrusting, or 
dragging some form of instrument through them. Cleaning can also be accomplished 
by flushing the sewer, using a sudden rush of water down the sewer at high velocity. 
The most common sewer cleaning systems are the hydraulic jet, sewer rodder, and 
bucket machines. Sewer cleaning programs are undertaken to provide cleaning of 
all sewers generally once every 3 to 5 years. More frequent cleaning may be required 
in sewers where low flows or flat slopes do not provide self-cleaning velocities. 

On storm sewer systems, it is important to clean catch basins which are designed 
to intercept settleable solids before they enter the sewers. Catch basins are cleaned 
by hand, suction pumps, or grab buckets. 


DISPOSAL OF WASTEWATER 
AND STORMWATER 


Stormwater can ordinarily be disposed of by discharge into any natural drainage 
channel. However, increased emphasis is being placed on water quality impacts of 
stormwaters on the receiving streams. Storm sewer systems may require inclusion 
of sediment traps, wet ponds, and other features which reduce the pollution loadings 
to receiving streams. Sanitary sewage and industrial wastewaters containing objec- 
tionable constituents must be disposed of in accordance with the requirements of 
the local health and environmental authorities. The most satisfactory method of 
disposal of sanitary sewage is to convey it to an adequate public sewerage system. 
In areas which do not have public sewerage systems, individual disposal systems 
must be provided. These will vary in size from septic tank systems for private 
residences to large treatment plants handling the wastewaters from large institutions 
and industries. The design of such systems is beyond the scope of this handbook. 
See Ref. 1 for further information. 
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CHAPTER C13 


PLUMBING PIPING SYSTEMS 


Michael Frankel, CIPE 
President 
Utility Systems Consultants 
Somerset, New Jersey 


This chapter provides the necessary criteria to enable accurate pipe sizing for various 
plumbing systems and cost-effective selection of appropriate plumbing piping 
material. 


Plumbing systems directly affect the health and safety of the public, and thus they 


are distinguished from other piping systems by the following general requirements: 


1. 


2. 


nb WN EB 


The design, materials, and installation of the systems are directly regulated by 
a plumbing code. 

System design must be approved by an authorized code official charged with 
the responsibility of ensuring plumbing code compliance. 


. A permit for installation of the systems must be obtained from the authority 


having jurisdiction. 


. The systems shall be installed by an individual duly licensed by the authority 


having jurisdiction for determining the competence of an individual to obtain a 
plumbing installation license. This may not be required in some jurisdictions. 


. The installed systems are required to be inspected and approved by an authorized 


code official charged with the responsibility of code enforcement. 


The basic plumbing systems are 


. Sanitary drainage systems 

. Sanitary vent systems 

. Stormwater drainage systems 
. Potable water systems 

. Fuel gas systems 


CODES AND STANDARDS 


Plumbing codes establish minimum acceptable standards for the design and installa- 
tion of the various plumbing systems and for the components that comprise them. 


C.667 


C.668 


PIPING SYSTEMS 


There are five plumbing codes that are generally accepted in large areas of the 


country: 


Code title 


Sponsors 


A40 Safety Requirements for 
Plumbing 


International Plumbing Code 


National Standard Plumbing 
Code 


One- and Two-Family 
Dwelling Code (soon to be 
called the International 
Residential Code) 


Uniform Plumbing Code 


Cosecretariats are: 

e Plumbing, Heating, Cooling Contractors— National 
Association 

* Mechanical Contractors Association of America 

* [nternational Association of Plumbing and Mechanical 
Officials 


International Code Council comprised of the Building 
Officials and Code Administrators, International, the 
International Conference of Building Officials, and the 
Southern Building Code Congress 


Plumbing, Heating, Cooling Contractors—National Associ- 
ation 


International Code Council comprised of the Building 
Officials and Code Administrators, International, the 
International Conference of Building Officials, and the 
Southern Building Code Congress International 


International Association of Plumbing and Mechanical 


Officials 


Some states and large cities have adapted codes separate from these building 
codes. Because of this nonstandardization, the plumbing code used for each specific 
project must be obtained from a responsible code official. 

Many of the tables and figures in this chapter are used only to illustrate and 
augment discussions of the system sizing procedures and design methods and should 
not be used for actual design purposes. The information pertaining to those systems 
is included in the approved plumbing code and should be the primary criterion for 
accepted methods and sizes for use on any project. 

There are many nationally recognized standards that establish dimensions, manu- 
facturing methods, material composition, tests, and numerous other details specific 
to individual components of the plumbing system. A partial list of organizations 
originating such standards adapted by various plumbing codes is as follows: 


American National Standards Institute (ANSI) 
American Society of Mechanical Engineers (ASME) 
American Society of Sanitary Engineers (ASSE) 
American Society for Testing and Materials (ASTM) 
American Water Works Association (AWWA) 
American Welding Society (AWS) 

Cast Iron Soil Pipe Institute (CISPI) 

National Fire Protection Association (NFPA) 
National Sanitation Foundation International (NSFI) 
Plumbing and Drainage Institute (PDI) 
Underwriters’ Laboratories (UL) 
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FIXTURE UNITS 


The fixture unit (FU) is an arbitrary, comparative value assigned to a specific 
plumbing fixture, device, or piece of equipment. FU values represent the probable 
flow that fixture will discharge into a drainage system or use (demand) from a 
potable water supply system, compared to other fixtures. 

The use of fixture units for plumbing systems was expanded by the late Roy B. 
Hunter, of the former Bureau of Standards. In the years since the development of 
the Hunter method, new fixtures, changes in the patterns of water use, and water 
conservation would now result in oversized water and drainage piping systems if 
the original criteria were used. Long-term data and modern statistical methods and 
analyses have resulted in revised figures, which were used in calculating the tables 
and charts provided for this revision of the handbook. 

Since sanitary discharge and water demand FUs are different, the designations 
DFU for drainage fixture unit and WFU for potable water fixture unit will be used 
to differentiate between them. 


PLUMBING FIXTURES 


A plumbing fixture is any approved receptacle specifically designed to receive 
human and other waterborne waste and discharge that waste directly into the 
sanitary drainage system, usually with the addition of water. Ideal fixture materials 
should be nonabsorbent, nonporous, nonoxidizing, smooth, and easily cleaned. 

Plumbing codes usually mandate the number and type of fixtures that must be 
provided for specific building use, based on the proposed population. Provisions 
for the handicapped have been made an integral part of code requirements, man- 
dating the number, layout, and barrier-free access to those fixtures. 

Potable water discharged from specific plumbing fixtures may be restricted to 
a maximum flow rate mandated by water conservation requirements. Refer to 
specific code provisions for these restrictions. 

Table C13.1 lists average drainage and vent DFUs, hot and cold water WFUs, 
gallons-per-minute (gpm) flow, and branch size information for typical fixtures. 


EQUIVALENT LENGTH OF PIPING 


When one is calculating the pressure loss through a pressurized piping system, one 
of the factors to be considered is the equivalent length of pipe. This is the actual 
pipe run plus an additional length, expressed as a number of feet of straight pipe, 
that would have the same friction loss as that occurring through various fittings, 
valves, and so on. Figure C13.1 gives the straight run of pipe for both water and 
gas systems equal to various valve types and fittings for different pipe sizes. An 
often used and generally conservative method of quickly finding the equivalent run 
is to add 50 percent to the actual measured pipe run. 


PIPING MATERIALS: GENERAL 


When materials and jointing methods are chosen for use in a project, the plumbing 
code usually specifies pipe materials permitted to be used for the various systems 
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TABLE C13.1 Typical Plumbing Fixture Schedule 


Drainage 
Water 
Size Size 
trap vent Size Size Flow, 
Fixture type DFU NPT NPT WFU cold hot gpm 
Automatic clothes washer 3 2 1% 2 L L 5 
Bathroom group (WC, LAV, 8 8 
SH/BT) FV 
Bathroom group (WC, LAV, 6 6 
SH/BT) tank 
Bathtub (BT), with or without SH 2 1% 1% 2 L L 5 
Bidet 1 TA 1% 1 L 2 
Clinic sink 6 3 1% 2 L L 3 
Dishwasher, domestic 2 1% 1% 1 Vo L 3 
Dental lavatory, cuspidor, and unit 1 1% 1% 1 L L 1 
Drinking fountain L 1% 1% L L L 
Floor drain 5 3 1% 
Kitchen sink and tray, with food grinder 4 2 1⁄2 2 Và Vo 3 
Kitchen sink and tray, single 1¥2-in trap 2 1% 1% 2 L L 3 
Kitchen sink and tray, multiple 1V2-in traps 3 1% 1% 2 L L 3 
Lavatory, private 1 1% 1% 1 96 36 2 
Lavatory (LAV), public 2 1% 1% 2 98 36 2 
Laundry tray, one or two compartments 2 1% 1% 2 L L 5 
Shower (SH) per head or stall 2 2 1% 2 L L 3 
Sink service (SS), trap standard 3 3 1% 3 9A 9A 4 
Sink service, P trap 2 1% 1% 2 LA LA 4 
Sink pot and scullery 2 1% 2 2 L L 45 
Sink bar 1% 1% 1% 1 L L 2 
Sink flushing rim 6 3 1% 5 15-30 
Sink, surgeon’s 3 2 1% 2 L L 2.5 
Sink wash fountain, per faucet 2 1% 1% 2 L L 2.5 
Urinal pedestal, blowout 6 3 1% 10 15-40 
Urinal washout 4 2 1% 5 9A 10-20 
Water closet (WC), private flush 6 3 1% 10 15-40 
valve (FV) 
Water closet private tank type 4 3 1% 5 Vo 3-5 
Water closet private pressure tank 4 3 1% 4 L 3-5 
Water closet public flush valve 6 m 1% 10 15-40 
Water closet public tank type 4 3 1% 5 L 3-5 
Water closet public pressure tank 4 2 1% 4 L 3-5 
Fixture not listed 1 1% 1% 
Fixture not listed 2 1% 1% 
Fixture not listed 3 2 1% 
Fixture not listed 5 3 1% 
Fixture not listed 6 4 2 
Hose bibb or sill cock, public 5 394 5 
Hose bibb or sill cock, private 3 Va 3 
Water supply not listed 1 96 
Water supply not listed 2 Và 
Water supply not listed 3 9A 


Water supply not listed 10 1 
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Note: For sudden enlargements or sudden 
contractions, use the smaller diameter on the 
nominal pipe size scale, 
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C.671 


Inside Diameter, Inches 


C.672 PIPING SYSTEMS 


along with any restrictions on their use. The code also may stipulate accepted 
standards that govern the manufacture of the components, their tolerances, and 
their installation. The piping materials to be discussed are all accepted for use in 
various national, regional, and most local codes. Some materials may not be accept- 
able for use in specific local codes. 

When a plumbing system is being renovated or when circumstances require a 
unique design, it may be necessary to request deviation from the accepted list of 
materials in order to match existing piping or to obtain special design characteristics. 
To review such requests, the authorities require enough information to determine 
whether the intent of the applicable code provisions is adhered to in terms of safety 
and suitability of the materials for the intended purpose. 

The design engineer is ultimately responsible for selecting and specifying the 
most suitable pipe, fittings, and jointing methods for any project. The following 
characteristics of pipe and fittings are important considerations in making that se- 
lection: 


1. Corrosion resistance of the pipe and fittings. This is a measure of their ability 
to resist both the internal corrosive effects of the fluid likely to flow through the 
pipe and the effects of soils or ambient conditions on its exterior. Corrosion can 
be reduced or eliminated by the application of a suitable coating, encasement, 
lining, and cathodic protection. 


2. Total installed cost, which includes the cost of the pipe and fittings, assembly of 
the joints, handling, and the cost of the support system for the piping. 


3. Physical strength of the pipe and fittings, which is the ability to withstand the 
internal pressure of the liquid and external physical damage that may occur 
either during installation or after being placed in service. 


Metallic Pipe and Fittings 


Cast-Iron (CI) Soil Pipe and Fittings.  Cast-iron soil pipe is acceptable for any 
nonpressure, noncorrosive sanitary and stormwater drainage service. Three types 
of pipe are manufactured: service (or standard) weight, extra heavy, and hubless. 
Two types of pipe ends are available: hub and spigot, and hubless. Three types of 
joints are used: caulked and compression gaskets used with hub and spigot pipe, 
and compression couplings used only for hubless pipe. 

Hub and spigot cast-iron soil pipe and fittings shall conform to the following stan- 
dards: 


1. ASTM A 74, Cast-Iron Soil Pipe and Fittings 

2. ASTM C 64, Rubber Gaskets for Cast-Iron Soil Pipe and Fittings 

3. ASTM HSN, Neoprene Rubber Gaskets for Hub and Spigot Cast Iron Soil Pipe 
and Fittings 

4. CISPI 301, Hubless Cast-Iron Soil Pipe and Fittings for Sanitary and Storm 
Drain, Waste, and Vent Piping Applications 

5. CISPI 310, Patented Joint for Use in Connection with Hubless Cast-Iron Sani- 
tary System 


Acid-Resistant (AR) Cast-Iron Pipe and Fittings. This pipe material is used for 
nonpressure drainage service for corrosive liquids whose corrosion potential is too 
severe for CI pipe. AR pipe is CI pipe containing between 14.25 and 15 percent 
silicon and small amounts of manganese, sulfur, and carbon. It is manufactured 
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only in extra-heavy grade. It is available with two types of pipe ends: hub and 
spigot, or hubless. The hub and spigot ends can be joined by caulking. Hubless 
pipe is joined by the use of compression coupling. 

Acid-resistant cast-iron pipe and fittings must conform to the following standards: 


1. ASTM A 518, Corrosion Resistant High Silicon Iron Castings 
2. ASTM A 861, High Silicon Iron Pipe and Fittings 


Ductile-Iron (DI) Pipe and Fittings. DI pipe is suitable for any noncorrosive 
plumbing service. Ductile-iron pipe is fabricated of a cast-iron alloy in which graphite 
replaces the carbon that is present in cast-iron soil pipe. It is available for use as 
either a nonpressure gravity sewer pipe or a pressure pipe. Five pressure classes 
(PC) 150, 200, 250, 300 and 350 are available. Ductile iron pipe rating is also 
designated by Special Thickness Classes: 50, 51, 52, 53, 54, 55 and 56, and gravity 
sewer pipe. Three types of joints are used: mechanical, gasketed, and flanged. 
Ductile-iron pipe and fittings must conform to the following standards: 


1. ANSI/AWWA C151/A21.51, Ductile-Iron Pipe, Centrifugally Cast in Metal 
Molds or Sand-Lined Molds, for Water or Other Liquids 

2. ANSI/AWWA C115/A21.15, Flanged Ductile-Iron and Gray-Iron Pipe with 
Threaded Flanges 

3. ANSI/AWWA C111/A21.11, Rubber-Gasket Joints for Ductile-Iron and Gray- 
Iron Pressure Pipe and Fittings 

4. ANSI/AWWA C110/A21.10, Gray and Ductile Iron Fittings, 2 through 48 in 
for water and other liquids 


For other standards refer to Table C1.2 in Chap. C1. 


Steel (ST) Pipe. Steel pipe is commonly used in vent systems, in drainage systems 
where human waste is not discharged, for indirect waste lines, for potable water 
systems, and for fuel gas piping. Steel pipe can be obtained with threaded ends, 
plain ends, and beveled ends. Four types of joints are used: screwed, grooved, 
flanged, and welded. Fitting materials commonly used are steel (for welded joints), 
malleable iron (either screwed or grooved joints), and cast iron (either screwed or 
flanged joints). Steel pipe for plumbing systems should be galvanized to retard cor- 
rosion. 

Steel pipe and fittings used for plumbing systems must conform to the follow- 
ing standards: 


1. ASTM A 53, Pipe, Steel, Black, and Hot-Dipped, Zinc-Coated Welded and 
Seamless 


2. ASME B106.1, Cast-Iron Pipe Flanges and Flanged Fittings, Classes 25, 125, 250, 
and 800 


. ASME B16.3, Malleable-Iron Threaded Fittings; Class 150 and 300 
. ASME B16.5, Pipe Flanges and Flanged Fittings 

. ASME B16.9, Wrought Steel Buttwelding Fittings 

. ASME B16.12, Cast-Iron Threaded Drainage Fittings 
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Copper Water Tube. Copper tube is used for domestic water service. Copper tube 
is fabricated of 99.9 percent copper with plain ends, in three types: K, L, and M. 
Each type has the same outside diameter, with K tube having the greatest wall 


C.674 PIPING SYSTEMS 


thickness and pressure rating, and M the least. Each of the three types of copper 
tube is also available in either drawn (hard) or annealed (soft) forms. Fittings can 
be either wrought copper or cast bronze. Copper tube can be joined by flared, 
soldered, or brazed joints. 

Copper tube and fittings must conform to the following ASTM and ASME stan- 
dards: 


1. ASTM B 88, Seamless Copper Water Tube 

2. ASME B16.22, Wrought Copper and Copper Alloy Solder Joint Pressure Fittings 
3. ASME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings 

4. ASME B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes 


Copper Tube, Type DWV (Drainage, Waste, and Vent). It is a nonpressure, 
thin-wall drainage pipe, primarily used in residential buildings, and in commercial 
buildings for indirect waste lines or local branch lines where human waste is not 
discharged. It is a seamless tube, made from almost pure copper (99.9 percent), 
and is available only in drawn form with plain ends. Joints can be either soldered 
or brazed. 

Type DWV copper tube for drainage systems must conform to the following stan- 
dards: 


1. ASTM B 306, Copper Drainage Tube (DWV) 


2. ASME B16.29, Wrought Copper and Wrought Copper Alloy Solder Joint Drain- 
age Fittings, DWV 
3. ASME B16.23, Cast Copper Alloy Solder Joint Drainage Fittings, DWV 


Brass Pipe. It is generally used in local branch drainage lines where this alloy 
resists specific corrosive drainage effluent, in alterations to match existing work 
and as a pressure pipe for potable water in sizes larger than NPS 4 (DN 100), 
where soldering or brazing is impractical. Brass pipe is manufactured from an alloy 
containing 85 percent copper and 15 percent zinc with plain ends. Joints can be 
either screwed, soldered, or flanged. 

Brass pipe and fittings must conform to the following standards: 


1. ASTM B 43, Seamless Red Brass Pipe 


2. ASME B16.24, Cast Copper Alloy Pipe Flanges and Flanged Fittings; Classes 
150, 300, 400, 600, 900, 1500, and 2500 


3. ASME B16.15, Cast Bronze Threaded Fittings, Classes 125 and 250 
4. ASME B16.18, Cast Copper Alloy Solder-Joint Pressure Fittings 


Plastic Pipe and Fittings 


General. Plastic pipe is manufactured in a great variety of compositions, many 
of which are suitable for plumbing systems. The applicable code is the most impor- 
tant factor in selecting the type of plastic pipe for any specific purpose. All plastic 
pipe, components, and jointing methods used in potable water systems must be 
approved by the NSFI. Plastic pipe must be closely integrated with the selection 
of hangers and the entire pipe support system. 

The advantages of plastic pipe include excellent resistance to a wide variety of 
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chemical and waste effluents, resistance to aggressive soils, availability in long 
lengths, low resistance to fluid flow, and low initial cost. Disadvantages include 
poor structural stability (requiring additional supports), lower pressure ratings at 
elevated temperatures, susceptibility of some types of plastics to physical changes 
due to exposure to sunlight, low resistance to solvents, and production of toxic 
gases released upon combustion of some types of plastics. 

Three designations are used to express pressure rating and wall thickness: sched- 
ule (dimensions are outside-diameter-controlled, matching iron pipe size); standard 
dimensional ratio (SDR) (a pressure rating only); and dimensional ratio (a pressure 
rating only using nonstandard dimensional ratios). Where the pressure rating is the 
prime consideration, the abbreviation PR is used. 


Polyvinyl Chloride (PVC) Pipe. PVC is used for potable water and drainage 
systems. It is one of the most widely used of the plastic pipes. It has a low pressure 
and temperature rating and very poor resistance to solvents. 

PVC pipe and fittings must conform to the following standards: 


. ASTM D 1785, PVC Plastic Pipe, Schedules 40, 80, and 120 

. ASTM D 2241, PVC Pressure-Rated Pipe (SDR Series) 

. ASTM D 2466, PVC Plastic Pipe Fittings, Schedule 40 

. ASTM D 2467, Socket-Type PVC Plastic Pipe Fittings, Schedule 80 
. ASTM D 2665, PVC Drain, Waste and Vent Pipe and Fittings 
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Chlorinated Polyvinyl Chloride (CPVC) Pipe. CPVC is used for potable water 
and drainage systems. It has the same characteristics as those of PVC and is used 
where a stronger piping system with higher pressure and temperature ratings is 
required. CPVC pipe and fittings must conform to the following standards: 


1. ASTM F 441, CPVC Plastic Pipe, Schedules 40 and 80 
2. ASTM D 2846, CPVC Plastic Hot and Cold Water Distribution Systems 
3. ASTM F 439, Socket-Type CPVC Plastic Pipe Fittings, Schedule 80 


Polypropylene (PP) Pipe. This material is widely used for chemical drainage 
piping systems. PP pipe and fittings are manufactured from flame-retardant material 
and are available in Schedule 40 or 80. Joining methods include solvent cement 
joints, threaded joints, or mechanical-type joints. (Only Schedule 80 can be 
threaded.) 


Polyethylene (PE) Pipe. It is widely used for underground fuel gas and foundation 
drainage piping. It is joined by socket and butt heat fusion. Refers to Chap. D1 of 
this handbook. 


Acrylonitrile-Butadiene-Styrene (ABS) Pipe. ABS is widely used as drainage pipe 
and is available in Schedules 40 and 80 with plain or socket ends. Joints are made 
by either solvent cement or threaded connections. Only Schedule 80 can be threaded. 

ABS pipe and fittings must conform to ASTM Standard D 2661, ABS Schedule 
40 Plastic Drain, Waste, and Vent Pipe and Fittings. 
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Other Pipe 


Glass Pipe. This pipe is primarily used for gravity drainage of various corrosive 
liquids. Glass pipe is fabricated from a low-expansion borosilicate glass having a 
low alkali content. Glass pipe is joined by compression couplings. 


Vitrified Clay (VC) Pipe. This pipe is suitable for use in underground gravity 
drainage systems where resistance to a wide variety of corrosive effluent and aggres- 
sive soils is required. It is manufactured in standard and extra-strong grades with 
hub and spigot ends. Clay pipe is joined by mortar joints. 


MISCELLANEOUS FITTINGS 


Adapters are used to join two different pipe materials or piping with dissimilar joint 
ends. Most plumbing codes require the use of approved adapters. 

Dielectric fittings are used to connect dissimilar metallic pipes together to avoid 
galvanic corrosion that would quickly weaken the pipe at the joint. The principle 
of the joint is a gasket that isolates one pipe from the other. 

Unions are fittings used to connect two fixed pipes, neither of which is capable 
of being turned. The union consists of three interconnected pieces: two internally 
threaded ends and a centerpiece that draws the ends together when rotated. 


JOINTS 


A joint is a connection between one pipe and either another pipe or a fitting. It 
must be able to withstand the greatest pressure capable of being exerted upon it. 
Most plumbing codes refer to standards that govern the methods and materials 
used in forming joints. The selection of the joining methods is determined by the 
type of pipe and fittings used, the maximum pressure expected in the system, and 
the need for disassembly. 


Caulked Joints 


A caulked joint, illustrated in Fig. C13.2, is a rigid, nonpressure-type joint. This 
joint consists of a rope of oakum or hemp that is packed into the annular space 
around the spigot end. For acid-resistant cast-iron pipe, hydrous magnesium alumi- 
num silicate, reinforced with fiberglass, is used as a packing material instead of 
oakum. Molten lead 1 in in depth is then poured into the annular space on top of 
the rope. The lead is then driven (caulked) farther into the joint. In use, the hemp 
or oakum swells when it absorbs water and further increases the joint's ability to 
resist leaking. 

Because caulked joints are labor-intensive, they have generally been replaced 
by either compression coupling or gasketed joints for most cast-iron joint applica- 
tions where permitted by code. 
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FIGURE C13.2 Caulked joint. 


Compression Couplings 


The compression coupling, illustrated in Fig. C13.3, is a rigid, nonpressure type of 
joint that can be easily disassembled. The coupling consists of an inner elastomeric 
gasket and an outer metallic sleeve with an integral bolt used for tightening and 
compressing the gasket. 
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FIGURE C13.3 Compression coupling. 


This joint is preferred for aboveground installations because of its ease of assem- 
bly and strength. Underground, the metallic sleeve often fails after years of service 
due to corrosion by surrounding soil or fill. The standard governing the fabrication 
of this type of joint is Cast Iron Soil Pipe Institute (CISPI) Standard 310. 


Screwed Joints 


The screwed joint, illustrated in Fig. C13.4, is a rigid, pressure-type joint that can 
be easily disassembled. Such a joint can be used with any plain-end pipe that has 
the necessary wall strength and thickness to have threads cut into it. The joint uses 
threads on two pipe ends (or on a pipe and a fitting) to draw the two pieces together 
and form a leakproof seal. The threads used for pipe are known as American 
(tapered) pipe thread (APT). This type of joint is generally limited to NPS 3 (DN 80) 
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FIGURE C13.4 Screwed joint. 


pipe and smaller in diameter, because of the great effort required to turn a pipe 
of larger size in making a joint. 

Applicable plumbing codes usually specify the type of pipe that can be threaded. 
The standard governing the threads is ASME B1.20.1, Pipe Threads, General 
Purpose. 


Soldered Joints 


A soldered joint, illustrated in Fig. C13.5, is a rigid, pressure-type joint made with 
a filler metal called solder that, when heated to its melting point, is drawn by 
capillary action into the annular space between the pipe and fitting. When the 
solder cools, it adheres to the walls of both pipe and fitting, creating a joint that is 
suitable for any installation for which the piping itself is acceptable. This type of 
joint is generally limited to pipe having diameters no larger than NPS 4 (DN 100) 
because of the difficulty of applying heat evenly to larger joints. 

Solder melts at a temperature of 900°F (482°C) or lower. When used in drainage 
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FIGURE C13.5 Soldered joint. 
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and vent systems, an alloy of tin and lead or tin and antimony is used. Solder and 
flux used for potable water systems must contain no lead. 
The solder material should conform to ASTM Standard B 32, Solder Metal. 


Brazed Joints 


A brazed joint is similar to a soldered joint, except for the melting point of the 
filler metal, which is higher than 900°F (482°C). This joint is used where higher 
pressure ratings are required than are used for solder joints. Various compositions 
of the filler metal are available for various applications. 

Brazing metal should conform to AWS Standard A5.8, Filler Metals for Brazing. 


Gasketed Joints 
A gasketed joint, illustrated in Fig. C13.6, is a flexible, pressure-type joint using 


an elastomeric gasket under compression. The joint is capable of being easily 
disassembled. It is well suited for both aboveground and underground installations. 


D Adjoining pipe 


«— ————— Gasket 


Hub 


FIGURE C13.6  Gasketed joint. 


Various manufacturers produce pipe ends and gasket configurations for different 
applications that are not compatible with one another. 

Standards governing the fabrication of gasketed joints are ASTM C 564, Rubber 
Gaskets for Cast Iron Soil Pipe and Fittings; ASTM D 3212, Joints for Drain and 
Sewer Plastic Pipes Using Flexible Elastomeric Seals; and CISPI HSN, Cast Iron 
Soil Pipe. 


Mechanical Joints 


A mechanical joint is a pressure-type joint that can easily be disassembled and uses 
nuts and bolts to draw together a pipe and gland to compress a gasket around the 
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FIGURE C13.7 Mechanical joint. 


pipe, forming a leakproof seal. A typical joint is illustrated in Fig. C13.7. Many 
different kinds of proprietary mechanical joints are available to achieve varying 
degrees of flexibility and pressure rating. 


Grooved Joints 


A grooved joint, illustrated in Fig. C13.8, is a pressure-type joint for metallic pipe 
that can be easily disassembled. The joint consists of an inner elastomeric gasket 
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FIGURE C13.8 Grooved joint. 


and an outer split metallic sleeve with an integral bolt used for tightening. The 
outer sleeve has extensions at each end that fit into grooves cut in or rolled into 
the pipe near the ends to be joined. Roll grooves are used to form joints when the 
pipe wall is not thick enough to have a groove cut in it. Different styles are available 
to achieve varying degrees of flexibility and pressure rating. It is highly resistant 
to being pulled apart. 

Standards governing the fabrication of grooved joints are AWWA C606, 
Grooved and Shouldered Joints; ASTM D 735, Gasket; and ASTM A 193, Bolts. 


Flanged Joints 


A flanged joint, 
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FIGURE C13.9 Flanged joint. 


illustrated in Fig. C13.9, is a rigid, pressure-type joint that uses 


nuts and bolts through a raised projection on the end of a pipe to draw the ends 
of the pipe together against a gasket, to form a leakproof joint. It can easily be 
disassembled. Flanges can be cast integrally, or they can be welded or screwed onto 
a plain-end pipe. The face of the mating flanges can be raised or flat. A variety of 
proprietary methods of flange attachment to plain-end pipes are also available. 


Welded Joints 


The welded joint, illustrated in Fig. C13.10, is a pressure-type joint most often used 
for steel pipe. Welding is accomplished by bringing both pipe walls, at the joint, 
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to the melting point and fusing them together with the addition of metal to allow 
for correct wall thickness and strength. The necessary amount of heat for welding 
is produced by either a high-temperature flame or an electric arc formed between 
the welding electrode and the pipe. To properly butt-weld pipe, the pipe ends must 
be specially prepared depending on the pipe thickness, pipe metal composition, 
and welding method. Two types of joints are possible: butt, illustrated in Fig. 
C13.10a, and socket, illustrated in Fig. C13.10b. The four methods of welding are 
gas tungsten arc welding (GTAW) or 

TIG welding; gas metal arc welding 

(GMAW) or MIG welding; shielded 

metal arc welding (SMAW); and oxyfuel 

torch welding. 


X Coupling shank 
Flared Joints Thread 


This is a rigid, pressure-type joint used 

only with annealed (soft) copper tubing. Flare 
A flared joint, illustrated in Fig. C13.11, 
is made by first placing a loose, threaded 
coupling nut on one end of the pipe, then 
cold-forming that end with a mandrel 
that enlarges the pipe end to fit a mating Tube 
end on a threaded coupling shank. The 

screwed coupling nut and shank are then 

turned, drawing the pipe ends together 

to form a leakproof seal. FIGURE C13.11 Piping systems. 


Coupling nut 


JOINTS FOR PLASTIC PIPE 


Solvent Cement Joints 


This is a rigid, pressure-type joint that is suitable for any type of installation for 
which the piping itself is acceptable. A solvent cement joint, illustrated in Fig. 
C13.12, is made by spreading a combination of solvent and cement on the surfaces 
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FIGURE C13.12 Solvent cement joint for plastic pipe. 
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to be joined. They react chemically, dissolving the surface of the pipe and the fitting 
that it comes in contact with. The two components are put together while wet. 
After drying, the two components are fused into a homogeneous mass, producing 
a leakproof joint. Solvent-welded joints can be used only with specific matching 
types of plastic pipe and fittings with plain and socket ends. 

The following standards govern the use of solvent cement, depending on the 
type of pipe for which the cement will be used: ASTM D 2235, Solvent Cement 
for ABS Plastic Pipe and Fittings, and ASTM D 2564, Solvent Cements for PVC 
Plastic Piping Systems. 


Heat Fusion Joints 


A heat fusion joint is a rigid, pressure-type joint that is only suitable for thermoplastic 
pipe materials. Heat is used to melt the plastic pipe surfaces and fuse them together 
into a homogeneous mass. Two types of joints are available: butt, illustrated in Fig. 
C13.13a, and socket, illustrated in Fig. C13.13b. Such a joint can be used only with 
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FIGURE C13.13 (a) Socket heat-fused joint for plastic pipe. (b) 
Butt heat-fused joint for plastic pipe. 
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two plain-end plastic pipes (butt joints) or a plain-end pipe and a socket fitting 
with resistance wire inside the socket manufactured specifically for this purpose. 
For butt heat fusion, the ends of the pipe are heated to the melting point with an 
outside source of heat, usually a flat, electrically heated plate. The heated plate is 
removed, and the two ends of the pipe are brought together. The socket joint is 
made by placing the plain end of the pipe into the socket, connecting leads from 
wire embedded inside the fitting to a proprietary electric source, and heating the 
socket to the melting point to fuse the pipe to the inside of the socket. The manufac- 
turer's instructions must be followed carefully throughout each phase of the process. 
It is accepted practice to have the mechanics making up the joint certified by the 
manufacturer as being properly qualified in the correct procedures. 

The standard governing the fabrication of heat-fused joints is ASTM D 2657, 
Heat Joining of Polyolefin Pipe and Fittings. 

For more details on nonmetallic piping systems, see Part D of this book. 


SANITARY DRAINAGE SYSTEM PIPING 


System Description 


The sanitary drainage system conveys waterborne effluent discharged from 
plumbing fixtures and other equipment to an approved point of disposal. The 
sanitary system receives all liquid waste except stormwater or unacceptably treated 
process or chemical drainage. 


System Components 


Major components of the sanitary drainage system are pipe and fittings, joints, 
valves, traps, cleanouts, drains, interceptors, sewage ejectors, and sump pumps. 


Nomenclature 


Approved: Accepted for the intended purpose, as an appropriate design or for 
installation into a plumbing system by a responsible code official or other agency 
exerting jurisdiction for a specific project. 


Backwater valve: A commonly used term for a type of check valve used in a 
drainage system. 


Branch: A horizontal run of pipe not considered a house drain or stack. 


Branch interval: The distance measured along the stack, within which horizontal 
drainage branches are connected to a drain stack. This distance is usually one- 
story height, but never less than 8 ft, 0 in (2.4 m). 


Building drain: The lowest horizontal part of the drainage piping system; con- 
sidered the principal pipe conveying sanitary effluent by gravity to a point outside 
the building. 

Building sewer: The continuation of the building drain from a point outside 


the building wall to the actual connection to an adequate and approved point 
of disposal, such as a public sewer or private sewage disposal system. 
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Building trap: A trap installed on the house sewer to prevent the circulation 
of sewer gas between the building sewer and the building drain. 


Chemical waste: Any substance that may cause harm to the sanitary piping 
system, treatment facility, or environment without being treated or neutralized 
prior to discharge into the sanitary drainage system. 


Cleanout: A gas-tight, water-tight pipe fitting with a removable plug that is 
used to obtain access to the inside of a drainage pipe for cleaning or maintenance. 


Combined drainage system: A drainage system that combines sanitary effluent 
and stormwater runoff in a single piped system. 


Fitting: A device used to connect one or more pipes and/or to change the 
direction of a straight run of pipe. 


Floor drain: A plumbing fixture that removes liquid effluent from the surface 
of floors and other areas. 


House drain: A commonly used term for building drain. 
House sewer: A commonly used term for building sewer. 
House trap: A commonly used term for building trap. 


Indirect waste: Any waste pipe not connected directly into the drainage system 
that discharges through an air gap into a fixture, interceptor, trap, or drain. 


Interceptor: A device that separates, retains, and allows removal of specific 
harmful material suspended in the waste stream, while permitting the remaining 
acceptable liquid effluent to be discharged into the drainage system. 


Invert: The elevation of the inside bottom of a drainage pipe. 
Leader: A vertical or horizontal line conveying stormwater. 
Offset: Any change in direction of a stack from vertical. 


Pitch: The distance that one end of a pipe is lower than the other end, expressed 
as a percent of the total length of run or as a dimension, in inches or feet per 
foot of run. 


Plumbing fixture: Any approved receptacle or device specifically designed to 
receive human or other waterborne waste and discharge that waste directly into 
the sanitary drainage system, often with the addition of water. 


Runout: A commonly used term for the first section of horizontal drainage 
piping from a stack at its lowest level. 


Slope: A commonly used term for pitch. 
Soil line: Any pipe that conveys human waste. 
Stack: A vertical drainage line, usually more than three floors in height. 


Trap: A device that maintains a water seal, preventing the passage of sewer 
gas, vermin, air, and odors originating from inside the drainage system, while 
permitting the unrestricted passage of liquid waste into the drainage system. 


Waste line: A drainage pipe conveying liquid waste with no solids. 


Major System Components 


Cleanouts. Codes mandate that cleanouts generally be provided at the base of 
stacks before the pipe changes direction from vertical to horizontal, at changes in 
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FIGURE C13.14 (a) Typical cleanouts. (b) Cleanout components. 


horizontal pipe direction greater than 45°, and along horizontal runs of pipe every 
50 ft (15 m). Typical cleanouts are illustrated in Fig. C13.14a and cleanout compo- 
nents in Fig. C13.14b. 


Floor Drains. A floor drain is a receptacle used to remove liquid effluent from 
building interior floor areas and other locations. A typical floor drain is illustrated 
in Fig. C13.15. It provides a receptacle for spills, washdown, and effluent to be 
collected and routed directly into the sanitary drainage piping system. Code provis- 
ions do not specify where a drain should be located. However, most codes regulate 
the minimum seal requirements for drain traps, the minimum open area of grates 
and strainers, and the mandatory inclusion of certain individual components (such 
as removable secondary strainers or sediment buckets) for drains in some locations. 
A. standard commonly cited in the selection of floor drains is ANSI A112.21-1, 
Floor Drains. Drains consist of the following components: 


1. Drain body. 
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strainer bucket 
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FIGURE C13.15 Typical floor drains. 
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2. Grates located at the top of a drain permit liquid effluent to enter the drain 
body while excluding larger solids and foreign matter. Grates are classified 
as follows: 

a. Light duty: foot traffic only 

b. Medium duty: live wheel loads up to 2000 Ib (907.2 kg) 

c. Heavy duty: live wheel loads up to 5000 Ib (2268 kg) 

d. Extra-heavy duty: live wheel loads 5000 Ib (2268 kg) or more 

3. A secondary strainer may be installed below the grate in a drain that does not 
have a sediment trap. 

4. A sediment trap (or bucket) is a removable device inside the drain body 
that may be installed to trap and retain small solids that pass through the 
grate. 

5. A flashing ring or clamp is a device used to secure flashing directly to the body 
of the drain. 


Interceptors. Plumbing codes require that any substance harmful to the building 
drainage system, the public sewer, or the municipal sewage treatment process be 
prevented from being discharged into the public sewer system. Among such materi- 
als are grease, flammable liquids, sand, or other substances objectionable to the 
local authorities. 


Traps. A fixture trap, illustrated in Fig. C13.16, is a U-shaped section of pipe of 
the necessary depth to retain sufficient liquid required by code. All fixtures and 
equipment directly connected to the sanitary drainage system are required to 
have traps. 


Trap 
Cleanout 


FIGURE C13.16 Typical fixture trap. 


In general, traps must (1) be self-cleaning, (2) provide a liquid seal of at least 
2 in with larger seals where required, (3) conform to local code requirements in 
terms of minimum size, (4) provide an accessible cleanout, and (5) be capable of 
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rapidly draining a fixture. All traps must 
be vented in an approved manner, ex- 
cept for specific conditions waived by 
local code requirements or authorities. 

Traps that are prohibited by code in- 
clude traps requiring moving parts to 
maintain the seal; full S-type traps, illus- 
trated in Fig. C13.17; crown vented traps, 
illustrated in Fig. C13.18; and drum 
traps, illustrated in Fig. C13.19. Drum 
traps may be permitted by some codes 
for use on special-use sinks, such as in 
laboratories. 

The branch drainage line extending from the trap to the vent is called the trap 
arm and is illustrated in Fig. C13.20. The maximum length of the trap arm is shown 
in Table C13.2. 


FIGURE C13.17 S trap. 


Sanitary System Design 


The design of the gravity drainage piping system is strictly regulated by the applica- 
ble plumbing code. All codes include charts, similar to those presented here, that 
permit the design engineer to properly size all horizontal and vertical pipes based 
on the accumulated drainage fixture unit discharge and slope of the pipe. 


Vent Crown 


| If less than two 
pipe diameters 
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vented 


FIGURE C13.18 Crown vented trap. 


The pitch of the drainage system must provide sufficient velocity to produce a 
“scouring action” that will convey all solids along with the liquid stream. The 
recommended minimum velocity for ordinary sewage is 2 ft/s (0.6 m/s) to prevent 
the settlement of solids out of the effluent stream. When grease is in suspension, 
the velocity should be at least 4 ft/s (1.2 m/s). 

Accepted practice for low-rise buildings with relatively uniform discharge is to 
size horizontal drainage lines to flow half full under average design conditions. 
High-rise buildings produce higher velocities and turbulence in building drains that 
can fill portions of the piping system as much as three-quarters full, with completely 
full pipes expected for short distances at stack runouts. This is acceptable, providing 
that pipe size ultimately allowed for half-full pipes. 
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The following is a simplified method 
of sizing the drainage piping system: 


1. Establish the location, size, and invert 
of the point of ultimate disposal of 
sanitary effluent. Determine whether 
sump or ejector systems will be re- 
quired and locate them. 


2. Locate and lay out drainage branch 
lines, stacks, and the house sewer. 


3. Start with the individual device or 
fixture at the farthest and most re- 
mote point of the system or branch, 
for which the code specifies two 
drainage values. The first is the drain- 
age fixture unit (DFU) value that will 
be used to size the drainage piping 
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FIGURE C13.19 Drum trap. 


system. The second is a minimum size of the trap, which is the minimum individual 
branch pipe size. For the minimum trap size, refer to Table C13.1 for typical 
values. If a fixture or device is not listed, either use the unlisted value based on 
the size of the discharge or ask the local code official for the accepted value. 


FIGURE C13.20 Trap arm. 


DISTANCE FROM / 
TRAP TO VENT 


CROWN WEIR 
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4. When more than one fixture or waste line discharges into a horizontal branch 
pipe, the size of the horizontal drainage line is determined by both the pitch of 
the drainage line and the accumulated total number of DFUs discharging into 
it. Refer to Table C13.3 for sizes of branch lines and for the size of building 


drains and sewers. 


TABLE C13.2 Maximum Length of Trap Arm* 


Diameter of trap arm, in 


Distance from trap to vent} 


1% 
1% 
2 
3 
4 


For use with Fig. C13.20. 
* 1 in = 25.4 mm 
+1 ft = 0.304 m 


3 ft 6 in 
5 ft 
8 ft 

10 ft 

12 ft 


069' 


TABLE C13.3 Maximum Permissible Drainage Fixture Unit Loads for Sanitary Drainage Piping 


Building drain and building drain 


Stacks more branches from stacks 
Any One stack than three stories high 
Pipe size horizontal of 3 stories Slope, in/ft (cm/m) 
<a fixture or less Total Total at 
NPS DN branch in height for stack one story Ye (0.5) Vs (1.0) Y (2.1) Ve (4.2) 
1ve* 40 3 4 8 2 np np np np 
2* 50 6 10 24 6 np np 21 26 
2Ve* 65 12 20 42 9 np np 24 31 
3 80 20+ 48+ T24 20+ np np 42+ 501 
4 100 160 240 500 90 np 180 216 250 
5 125 360 540 1100 200 np 390 480 575 
6 150 960 1900 350 np 700 840 1,000 
8 200 3600 600 1,400 1,600 1,920 2,300 
10 250 5600 900 2,500 2,900 3,500 4,200 
12 300 2,900 4,600 5,600 6,700 


15 375 7,000 8,300 10,000 12,000 


* No water closets permitted. 

t Not more than two water closets permitted. 
t Not more than six water closets permitted. 
q Not permitted. 
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TABLE C13.4 Approximate Discharge Rates and Velocities in Sloping Drains 
(Flowing Half Full*) 
(Discharge rate and velocityt) 


Pipe 

size Ye in/ft slope V6 in/ft slope YA in/ft slope Vo in/ft slope 
Disch., Vel., Disch., Vel., Disch., Vel., Disch., Vel., 

NPS DN gpmtf fps$ gpm fps gpm fps gpm fps 
1⁄4 32 3.40 1.78 
1% 40 3.91 1.42 5.53 2.01 
2 50 8.42 1.72 11.9 2.43 
2⁄2 65 10.8 1.41 15.3 1.99 21.6 2.82 
3 80 17.6 1.59 24.8 2.25 35.1 3.19 
4 100 26.70 1.36 37.8 1.93 53.4 2.73 75.5 3.86 


125 48.3 1.58 68.3 2.23 96.6 3.16 137.0 4.47 
150 78.5 1.78 111.0 2:52 157.0 3.57 222.0 5.04 


250 308.0 2.52 436.0 3.56 616.0 5.04 872.0 7.12 
300 500.0 2.83 707.0 4.01 999.0 5.67 1413.0 8.02 


5 
6 
8 200 170.0 2.17 240.0 3.07 340.0 4.34 480.0 6.13 
0 
2 


* Half full means filled to a depth equal to one-half of the inside diameter. 
t Computed from the Manning formula for half-full pipe, n — 0.015. 


For one-quarter full: Multiply discharge by 0.274. For full: Multiply discharge by 2.00. 
Multiply velocity by 0.701. Multiply velocity by 1.00. 
For three-quarters full: Multiply discharge by 1.82. For smoother pipe: Multiply discharge 
Multiply velocity by 1.13. and velocity by 0.015 


and divide by n value 
of smoother pipe. 

£1 gpm = 0.075 I/s. 

$1 fps = 0.305 m/s. 


To determine the size of a horizontal drainage line based on flow given in gallons 
per minute rather than DFUs, refer to Table C13.4. Use the appropriate pitch 
and velocity combinations necessary to select a size. When there is a combination 
flow of both DFUs and gallons per minute into a horizontal line or stack, generally 
accepted practice is to assign two DFUs for each 1 gpm (0.075 l/s) to allow sizing 
based on DFUs. 

The size of a stack is governed by the total DFU discharge into it and its height. 
Refer to Table C13.3, using the applicable column and the total DFUs for the 
stack to find the stack size. 

To size a stack based solely on gallons per minute, refer to Table C13.5. Two 
generally accepted recommendations regarding the maximum cross-sectional 
area which may be occupied with water flowing down a stack are % and 7/24, 
depending on the code used and the requirements of the local authority having 
jurisdiction. Separate columns are provided for each of these two values. Ac- 
cepted practice is to use the Y4-full criterion, which closely approximates the 
allowable flow from a horizontal pipe flowing full at quarter-in (6.3 mm) pitch. 
If a stack should offset more than 45? from the vertical, the horizontal offset 
portion of the stack must be sized as a house drain. If the offset size is larger 
than that portion of the stack higher than the offset, the larger size must be 
carried down from the offset to the lowest level. The portion of the stack above 
the offset may remain unchanged. 
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TABLE C13.5 Drainage Stack 
Capacity, gpm* 


Size 
NPS DN 14 full 7/4 full 
1% 32 5 6.5 
1% 40 8.1 10.5 
2 50 17.5 22.6 
2% 65 31.8 41 
3 80 52.1 67.2 
4 100 111 143 
5 125 202 261 
6 150 336 423 
8 200 709 915 


* For SI units 1 gpm = 0.075 I/s. 


9. The purpose in differentiating between branch intervals and the actual number 
of horizontal soil or waste branch lines entering the stack is to prevent overloading 
the stack in a short distance. Many codes limit the number of DFUs allowed in 
a branch interval. 


Flow conditions in the offset portion of a stack create severe turbulence. Because 
of the resulting pneumatic effects, all branch connections that normally would be 
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FIGURE C13.21 Suds pressure areas. 
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made at the level of the offset should be carried down 10 pipe diameters of the 
stack below the level of the offset. 


Suds Pressure Areas. Appliances and fixtures normally using detergents, such as 
kitchen sinks, bathtubs, showers, dishwashers, and clothes washers, could discharge 
a large quantity of detergents into the drainage system. During flow through the 
drainage piping, turbulence causes large amounts of suds to be generated. The suds 
accumulate in the lower portions of the drainage system and can remain there for 
a considerable time. When additional liquids flow into these sections of the system, 
the suds are displaced and will follow the path of least resistance. Enough suds 
pressure can build up to force the suds through a fixture trap. Suds pressure areas 
exist in the following parts of the drainage system, as illustrated in Fig. C13.21: 


1. For an upper-level stack offset serving fixtures on two or more floors above the 
offset, there are two suds areas. The first area, C13.21a, extends 40 pipe diameters 
of the stack upward from the base of the offset. The second, C13.21b, extends 
10 pipe diameters horizontally downstream from the point of change in direction. 


2. For an upper-level stack offset turning from horizontal back to vertical, there 
is one area, C1321c, extending 40 pipe diameters of the stack upstream from 
the fitting changing direction from horizontal to vertical. 


3. Inthe horizontal runout from a stack when the pipe changes direction horizontally 
with a fitting greater than 45°, there are two areas. The first, C13.21d, extends 
40 pipe diameters of the horizontal pipe upstream from the change in direction. 
The second, C13.21e, is 10 pipe diameters downstream. 


TABLE C13.6 Suds Pressure Area— Distance Determination 
For use with Fig. C13.21. 


Nominal pipe size DN 40 diameters* 10 diameters* 
1% 40 5 ft 0 in 1 ft 6in 
2 50 7 ft O in 1 ft 6in 
2⁄2 65 8 ft 0 in 2 ft 0 in 
3 80 10 ft 0 in 2 ft 6 in 
4 100 13 ft 0 in 3 ft 6 in 
5 125 17 ft 0 in 4 ft O in 
6 150 20 ft 0 in 5 ft 0 in 
*1 ft = 0.304 m 


When suds pressure areas are anticipated, no pipe shall connect to any of the 
areas indicated as C13.21a to C13.21e. Refer to Table C13.6 for actual distances 
based on pipe size. 
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System Description 


The sanitary vent system is a network of pipes directly connected to the sanitary 
drainage piping system for the purpose of limiting air pressure fluctuations within 
the sanitary drainage piping to +1 in (£2.54 cm) of water column. 
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There are two primary reasons why the vent system is an integral and necessary 
adjunct to any drainage piping network: 


1. It prevents the loss of fixture trap seals. 
2. It permits the smooth flow of water in the drainage system. 


Other lesser problems will be prevented if air pressure in the drainage system 
s excessive, such as 


m" 


= 


. Unsightly movement of water levels in water closet bowls 


N 


. The possibility of sewer gases discharging through a fixture trap 


w 


. Noise in the drainage system due to the gurgling of water 


System Components 


The components of the vent system consist of pipes directly connected to the 
drainage piping network. The piping materials are the same as those of the sanitary 
drainage system, except that the fittings may be of the short-turn type in lieu of 
the required long-turn fittings of the drainage system. Some codes permit the use 
of air admittance fittings which do not require termination of vents through the roof. 


Code Considerations 


Most problems occurring in the drainage system not resulting from blockages are 
caused by fluctuations in air pressure. These problems can be either eliminated or 
reduced to a level where they are no longer objectionable, by designing a vent 
system that limits these variations in the drainage piping network to a generally 
accepted figure of +1 in (+2.5 cm) of water column. This basic design criterion 
has been used to determine vent sizing and allowable lengths that appear in 
modern codes. 


Nomenclature 


The following definitions are presented to prevent any differences in terminology 
between this handbook and any local, regional, and national codes. 


Branch vent: A branch vent is a vent that connects one or more individual or 
common vents to a vent stack or a stack vent. 


Circuit vent: A circuit vent is a branch vent that serves two or more traps and 
extends from a connection to a drainage line, in front of the last fixture connec- 
tion, to a vent stack. 


Common vent: A single vent line serving two fixtures. 


Continuous vent: A vertical vent that is a continuation of the waste line from 
a fixture to which it is connected. 
Developed length: The total length of a vent pipe, measured along the centerline 
of that pipe, from point to point. 


Fixture battery: Any group of two or more fixtures that discharge into a common 
horizontal waste or soil branch. 


PLUMBING PIPING SYSTEMS C.695 


Individual vent: A vent that connects directly to only one fixture and extends 
to either a branch vent or a vent stack. 


Loop vent: A branch vent that serves two or more traps and extends from a 
point in front of the last fixture connection to a stack vent. 


Main vent: The principal vent of a building, remaining undiminished in size 
from the connection with the drainage system to its terminal. 


Relief vent: An auxiliary vent that connects the vent stack to the soil or waste 
stack in multistory buildings; used to equalize pressure between them. This 
connection will occur at offsets and at set vertical intervals determined by code. 


Revent: Another name for an individual vent. 


Stack vent: The extension of a soil or waste stack above the highest horizontal 
drainage connection to that stack. It is also the name of a method of venting 
using the stack as a branch vent connection. 


Suds venting: A method of venting in which there is a suds pressure zone. 
Trap arm: That portion of the drainpipe between the trap and the vent. 
Vent extension: The height of the vent above the roof at its terminal. 


Vent header: A single pipe at the highest level of a building connecting the 
top of vent stacks in order to penetrate the roof only once. 


Vent terminal: The open-air location where the end of the vent stack is placed, 
generally above the roof. 


Vent stack: A vertical pipe extending one or more stories and terminating in 
the outside air. 


Wet vent: A vent line that may also serve as a drainpipe. 


System Design 


General Vent System Design Considerations. Differences in pressure within drain- 
age piping are caused by the flow of water. When water is flowing under design 
conditions in a horizontal drain (approximately one-half full), the air above the 
liquid will be forced into movement by the friction between the flowing water and 
the air. In a stack, the water flows around the perimeter of the pipe, leaving a 
central core of air (except when overloaded). 


The following principles govern the design of the vent system: 


When design flow is exceeded, the pipes are completely filled with water. This 
compresses the air ahead of, and creates a vacuum behind, the solid front of water. 


The air moving in a vent pipe has friction losses similar to those of flowing water. 
This is why the longer the pipe, the larger the size. 


The amount of air displaced is proportional to the amount of water flowing in 
the drainage pipe. The flow is determined by using drainage fixture units (DFUs). 


The size of a vent stack should be a minimum of one-half the size of a drainage 
stack. The size of a branch vent should be a minimum of one-half the size of 
the branch drainage line it serves. 


In a plumbing code, where the heading for soil or waste size refers to stack size, 
it should also be used for horizontal branch soil and waste stacks. Since the 
venting requirements for a stack are more severe than those for a horizontal 
drainage line, there is a small safety factor. 
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6. All fixture vents must rise above the flood level of the fixture served so as not 
to act as a waste line in the event the drain line becomes blocked. 


Developed Length Measurement. The developed length of an individual or com- 
mon vent is measured from its point of connection with the fixture trap arm to 
where it connects with the branch vent or vent stack. The developed length of a 
branch vent is taken from the farthest connection with a waste branch from the 
point being sized. The developed length of a vent stack is taken from its connection 
with the soil or waste stack to its terminal above the roof. 


Sizing of Vent Stacks, Vent Branches, and Fixture Vents. Plumbing codes contain 
the information necessary to size a vent system. A typical vent sizing chart is 
presented in Table C13.7. 

To use Table C13.7, there are three items that must be known: (1) the total 
DFU count of the soil or waste line associated with the vent being sized, (2) the 
developed length of the vent being sized, and (3) the size of the soil or waste branch 
or stack. 


TABLE C13.7 Size and Length of Vents 


Size of Drainage Maximum length of vent, ftt 
soil or fixture size of vent, required, NPS 
waste units 
DN stack, NPT* connected 1% 1% 2 2Vo 3 4 5 6 8 
40 1% 8 50 150 
50 2 12 30 75 200 
2 20 26 50 150 
65 2% 42 30 100 300 
3 10 30 100 100 600 
80 3 30 60 200 500 
3 60 50 80 400 
4 100 35 100 260 1000 
100 4 200 30 90 250 900 
4 500 20 70 180 700 
5 200 35 80 350 1000 
125 5 500 30 70 300 900 
5 1100 20 50 200 700 
6 350 25 50 200 400 1300 
150 6 620 15 30 125 300 1100 
6 960 24 100 250 1000 
6 1900 20 70 200 700 
8 600 50 150 500 1300 
200 8 1400 40 100 400 1200 
8 2200 30 80 350 1100 
8 3600 25 60 250 800 
10 1000 75 125 1000 
250 10 2500 50 100 500 
10 3800 30 80 350 
10 5600 25 60 250 
* 1 in = 25.4 mm 
+1 ft = 0.304 m 
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Having calculated these items, enter the table with the most severe condition 
of soil pipe size or DFUs. Then read horizontally across until you come to the 
figure that meets or exceeds the developed length that you calculated. Read up to 
find the correct size of the vent. Use the following as a guide to sizing: 


1. For vent stacks, use the total DFU load for the drainage stack and the full 
developed length of the vent to find the size. Vent stacks must be undiminished 
in size for their entire length. 


2. For branch vents, use the longest developed length from the point where the 
size is being determined to the farthest connection to the waste line. 


3. For individual fixture vent size, refer to Table C13.1. 


4. For building trap vents and fresh-air inlets, the size should be a minimum of 
one-half the size of the building drain. 


Vent Terminals. The vent pipe passing through the roof must remain open under 
all circumstances. The two conditions that would cause the exposed pipe to become 
blocked are frost closure and snow closure. Local codes and authorities will specify 
or require the minimum extension of the vent pipe to avoid closure by accumulated 
snow on a roof. 

In the absence of specific code requirements, the following can be used as a 
guide to locating vent extensions. The vent extension shall not be located under, 
or within 10 ft 0 in (3.0 m) of any window, door, or ventilating opening unless it 
is 2 ft 0 in (0.6 m) above that opening. If the terminal is through a building wall, 
it shall be located a minimum of 10 ft 0 in (3.0 m) from the property line, a minimum 
of 10 ft 0 in (3.0 m) above grade, and not under any overhang. 

Experience has shown that an NPS 4 (DN 100) pipe will prevent frost closure. 


Relief Vents. Soil or waste stacks with no offsets, in buildings having more than 
10 branch intervals, shall be provided with a relief vent at each tenth interval, 
strarting at the top floor. Offsets in the drainage stacks may also be required to 
have relief vents. 

There are several acceptable configurations allowed by various codes. In general, 
the lower end of the relief vent shall connect to the soil or waste stack below the 
horizontal branch serving the floor required to have the relief vent. The upper end 
of the relief vent shall connect to the vent stack no less than 3 ft (1 m) above that 
same floor level. The size shall be equal to that of the vent stack to which it is 
connected or the drainage stack, whichever is smaller. 


Circuit and Loop Vents. These venting schemes are intended to provide a more 
economical means of venting than the individual vent. It is allowed only for venting 
of floor-mounted fixtures such as water closets, shower stalls, and floor drains and 
may not be acceptable in all code jurisdictions. Circuit venting is illustrated in 
Fig. C13.22. 

Circuit venting requires a uniformly sized drainage line with at least two, but 
not exceeding eight, fixtures connected in a battery arrangement. The circuit vent 
connects to the vent stack from the horizontal drain line from a point between the 
two most remote fixtures. In addition to the circuit vent, a relief vent is required 
to be connected to the horizontal drain line at the end of the battery, or every 
eight fixtures. The sizes of each shall be one-half the size of the horizontal drainage 
line or the full size of the vent stack, whichever is smaller. 

Loop venting is the same as circuit venting except for the connection of the 
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FIGURE C13.22 Detail of circuit vent. 


branch vent to the building system. The loop vent “loops” back to the stack vent 
instead of the vent stack. This is illustrated in Fig. C13.23. 


Wet Vents. A wet vent is a combined vent-drain line that receives drainage from 
fixtures in addition to serving as a vent pipe. Wet vents are primarily used in 
residential-type projects and are permitted only in a limited number of codes. Wet 
vents shall conform to the guidelines provided in each respective code. 
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FIGURE C13.23 Detail of loop vent. 
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Suds Relief Vents. Suds pressure zones are illustrated in Fig. C13.21. If a drainage 
connection to these zones is made, a relief vent must be installed from the base of 
the suds pressure zone of the drainage stack to a nonpressure zone. Typical suds 
pressure relief vent sizes are shown in Table C13.8. 


TABLE C13.8 Suds Pressure Relief Vents 


Drain stack size Relief vent size 
NPS DN NPS DN 
1% 40 2 50 
2 50 2 50 
2% 65 2 50 
3 80 2 50 
4 100 3 80 
5 125 4 100 
6 150 5 125 
8 200 6 150 


Sump and Ejector Vents. All codes require the venting of ejector pits, since they 
are gasketed and airtight. Many codes may also require the venting of sump pits. 
The vent pipe size is determined from the gpm discharge of the pump and the 
developed length from the pit to its connection with the building vent system or 
vent terminal. Table C13.9 shows a typical method of sizing such vents. 


TABLE C13.9 Size and Length* of Sump Vents 


Discharge 
capacity of Maximum equivalent length of vent, ft 
sump pump size of vent, NPS 
gpm I/s 1% 1% 2 2% 3 4 
10 3.04 NLt NL NL NL NL NL 
20 6.08 270 NL NL NL NL NL 
40 12.16 72 160 NL NL NL NL 
60 1824 31 75 2770 NL NL NL 
80 34.32 16 41 150 380 NL NL 
100 30.4 104 25 97 250 NL NL 
150 45.6 NP$ 10 44 110 370 NL 
200 60.8 NP NP 20 60 210 NL 
250 76.0 NP NP 10 36 132 NL 
300 91.2 NP NP 104 22 88 380 
400 121.6 NP NP NP 10° 44 210 
500 142.0 NP NP NP NP 24 130 


* Developed length plus an appropriate allowance for effects of entrance losses and friction 
due to fittings, changes in direction, and changes in diameter. Suggested allowances may be obtained 
from NBS Monograph 31 or other acceptable sources. An allowance of 50 percent of the developed 
length may be assumed if a more precise value is not available. 

+ No limit; actual values greater than 500 ft (152.5 m). 1 ft = 0.304 m. 

+ Less than 10 ft (3 m). 

§ Not permitted. 
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TABLE C13.10 Nominal Pipe Cross- 
Sectional Area, Schedule 40 Pipe 


NPS DN in? 

1% 40 1.767 
2 50 3.1416 

2% 65 4.908 
3 80 7.068 
4 100 12.566 
5 125 19.635 
6 150 28.274 


Vent Headers. When several vent stacks are combined into a common header at 
the highest level to penetrate the roof only once, various codes require that the 
combined vent pipe be sized using the combined DFUs of all the connected vents 
and the single longest developed length of all the vent stacks being combined. 
Other codes require that the combined vent stacks have a minimum cross-sectional 
area of all the separate vent pipes being combined. Table C13.10 lists the cross- 
sectional area for Schedule 40 steel pipe in square inches. 


INTERIOR STORMWATER DRAINAGE 
SYSTEM PIPING 


Purpose 


The purpose of the stormwater drainage system is to collect stormwater runoff 
from building roofs and ancillary areas exposed to the weather, and to convey the 
runoff to an approved point of disposal. Ancillary areas of a building include 
areaways, walkways, canopies, and balconies. 


Components 


Major components of the stormwater drainage system are drains and the pipe itself. 
Drain manufacturers make various types of roof and specialty drains as well as 
accessories used for the installation of drains in all areas of a project. Any pipe 
material suitable for the sanitary drainage system is also acceptable for use in the 
stormwater drainage system. 


Nomenclature 


Areaway: An enclosed excavated area below grade level and open to the 
weather. 


Canopy: A small roof protecting a window or entrance. 
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Conductor: Stormwater piping inside a building. 


Design point: The specific point in the piping network where pipe size is calcu- 
lated. 


Downspout: A vertical pipe attached to gutters installed on the outside of 
a building. 


Drain: A receptacle for the collection and removal of stormwater from surfaces 
exposed to the weather into the stormwater drainage piping network. 


Duration: A commonly used term for time of concentration. 


Flow rate: The measurement of a volume of water over time, such as cubic 
feet per second. 


Frequency: The estimated number of years that elapse between the recurrence 
of storms with a specific intensity. 


Gutter: An open horizontal channel used to collect stormwater, usually made 
of sheet metal or wood, attached to the lowest point of a pitched roof. 


Imperviousness factor: A number indicating the percent of rainfall available 
as runoff and not absorbed into the ground, absorbed by plants, left as puddles, 
or lost to evaporation during the rainstorm, expressed as a decimal. 


Inlet time: A frequently used term for overland flow time. 


Intensity: The rate at which rain falls for design purposes, measured in inches 
per hour. 


Leader: A vertical pipe carrying stormwater either inside or outside the 
building. 


Overflow: A positive and fail-safe outlet for removal of stormwater that has 
reached a predetermined height above the roof level. 


Overland flow time: The time rainwater takes to travel on the ground from 
the farthest point of an outside area to a drain, measured in minutes. 


Piping network: The entire stormwater drainage system, including all drains 
and pipe, to the point of disposal. 


Rate of rainfall: A commonly used term for intensity. 
Return period: A commonly used term for frequency. 
Runoff: The actual flow rate of stormwater discharging into the piping network. 


Scupper: A penetration through a parapet above the roof level serving as 
an overflow. 


Sidewallarea: Vertical surfaces that contribute runoff to the stormwater system. 


Stormwater: Liquid effluent resulting from any form of precipitation, such as 
rain, snow, hail, or sleet. 


Time of concentration: The length of time a rainstorm will persist for design 
purposes, usually calculated by adding the overland flow time to the time in pipe. 


Time in pipe: The length of time stormwater will take to reach one design 
point from another design point while inside the piping network. 


Tributary area: The entire area contributing runoff into any portion of the 
piping network. 
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General System Criteria 


General Information. The design of the stormwater drainage system requires that 
the following information be obtained to establish design criteria: 


. Local climatic conditions 

. Local building and plumbing code restrictions 

. Building use 

. Building construction and pitch of roof 

. Location, size, depth, type, and availability of the ultimate point of disposal 
. Total size of roof and ancillary tributary areas 


. Method of connecting to public sewers 
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. Allowable methods of disposal and permits required if public sewers are not 
available 


9. Client standards and preferences 


Design Storm. The stormwater system is designed to remove the maximum ex- 
pected runoff in a given period. The ability to calculate the flow rate is complicated 
by not being able to accurately predict many of the factors affecting the actual 
amount of runoff resulting from any given storm. To calculate the estimated maxi- 
mum runoff, an artificial “design storm" must be created. This storm will serve as 
a simulation capable of predicting runoff volume accurately enough to provide a 
basis for the design of the piping network. 

The design storm is based on actual rainfall records and is plotted in convenient 
form by the National Oceanic and Atmospheric Administration/National Weather 
Service (NOAA). 

Special consideration should be given to the degree of protection provided for 
the building and its contents by the stormwater drainage system. This depends on 
the importance of the facility or the space below the roof, the importance of 
uninterrupted service, and the value of the equipment or material installed or 
stored. Since a severe thunderstorm or hurricane may produce rainfall rates larger 
than those that the code has been based on, the property value may require the 
design engineer to select a rainfall rate greater than the minimum provided for by 
the code. 


Roof Overflows. A fail-safe method must be provided to immediately remove 
excess runoff from a roof before the water level rises to a point where damage 
could result. The most commonly used method employs scuppers that will allow 
the excess runoff to be discharged directly off the roof and down the side of the 
building. Codes often stipulate the height that scuppers shall be installed above the 
roof level and the size of the opening. One disadvantage of scuppers is that wave 
action may allow water to spill out of the scuppers before the design depth is reached. 

Various codes mandate the use of a separate overflow piping network in addition 
to the regular stormwater drainage system. This network could connect either to 
the regular system independently outside a building or directly to the point of 
disposal. Another type of overflow protection is the use of separate overflow pipes 
or drains, in addition to the regular drains, connecting to the regular stormwater 
drainage piping. Applicable codes and local authorities will provide the information 
required for design. 
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Sidewall Area Calculation. Precipitation falling on vertical walls located on roofs 
and other areas, such as penthouse walls and stair towers, will add to the total 
runoff calculated for the horizontal area. Therefore, it is necessary for these vertical 
areas to be added to the horizontal tributary area. To calculate the amount of 
sidewall area to add to the horizontal roof segment, determine the square foot area 
of the single or two largest adjacent walls that would contribute runoff to any one 
roof drain. Divide this area in half, because less rain falls on vertical surfaces than 
on horizontal surfaces. Add the calculated vertical sidewall area to the horizontal 
tributary area for each roof drain to obtain the total tributary area. 


Roof Drainage Systems. There are two types of systems used to remove stormwa- 
ter runoff: conventional and limited discharge. The conventional system removes 
runoff as quickly as it accumulates. The limited-discharge system removes only a 
portion of the runoff, storing the remainder temporarily on the roof. Selection 
of the appropriate method depends on the capacity and/or availability of 
disposal facilities and acceptance of the proposed method by local code and 
authorities. 


Roof Drainage Design Procedures 


Conventional Roof Drainage Procedure. Design of the conventional roof drain- 
age system consists of the following general steps: 


1. Locate drains on roofs and ancillary areas throughout all areas of the project 
discharging into the system. 


. Determine the code overflow requirements. 
Route the stormwater piping and overflow systems. 


. Select the rainfall intensity. This figure is generally provided in the code. 
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. Size the piping network by first calculating the total tributary area for each 
individual drain located in each specific section of the roof and other areas. For 
horizontal pipe, the sizing procedure starts at the remotest part of the system. 
Determine the pipe pitch and total tributary area for each horizontal pipe section 
from design point to design point. 


6. Use the appropriate charts to size the roof drains and the piping network. Enter 
the charts provided in the applicable code with the intensity, pitch, and total 
tributary area. Select the figure at the intersection of the criteria used for that 
specific chart, and choose a pipe size corresponding to a figure equal to or greater 
than the calculated tributary area. Notes associated with different chart types 
allow conversion to another rainfall rate if different from that of the chart. 
For vertical piping, use the tributary area discharging into the vertical leader, 
increasing the size as areas are added. Table C13.11 is a typical table used to 
size both roof drains and the vertical leaders. Table C13.12 enables sizing of 
horizontal pipes depending upon pitch and tributary area. Table C13.13 allows 
the sizing of gutters. These tables are from the National Standard Plumbing 
Code which uses 4 in/h (100 mm/h) as the basis for the tables. Local rates shall 
always take precedence over a regional value. 


7. When a very large building, such as a warehouse or factory, has a total tributary 
area in excess of that appearing in the code, other methods must be used to 
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TABLE C13.11 Size of Vertical Conductors and Leaders* 


Maximum projected 


roof area 

Diameter of leader or conductor, in ft? gpm 
2 544 23 

2% 987 41 

3 1,610 67 

4 3,460 144 

5 6,280 261 

6 10,200 424 

8 22,000 913 


* Based upon a maximum rate of rainfall of 4 in/h (100 mm/h) and on 
the hydraulic capacities of vertical circular pipes flowing between one-third 
and one-half full at terminal velocity, computed by the method of NBS 
Monograph 31. Where maximum rates are more or less than 4 in/h (100 
mm/h), the figures for drainage area shall be adjusted by multiplying by 4 
and dividing by the local rate in inches per hour. 

+ The area of rectangular leaders shall be equivalent to that of the 
circular leader or conductor required. The ratio of width to depth of rectan- 
gular leaders shall not exceed 3 to 1. 


calculate the volume of runoff and size of pipe. The most commonly used method 
for the calculation of runoff is the rational formula 


Q — AIR (C13.1) 


where Q = quantity (flow rate) of stormwater runoff, ft?/s (cfs) (1 ft?/s = 448 
gpm) 
A = tributary area, acres (1 acre = 43,560 ft^) 
I = imperviousness factor: use a value of 1.0 
R = rate (intensity) of rainfall, in/h (select the rainfall rate based on 
information contained in the previous discussion) 


The design procedure is the same as that described for a conventional drainage 
system, except that Eq. (C13.1) is used to calculate the flow rate in horizontal 
system piping. Determine the slope of the pipe, and use Table C13.12 to find the 
pipe size up to the largest areas in the chart. When a larger area is reached, use 
Table C13.14, entering the chart with the gpm value and the pitch. Table C13.15 
provides a direct conversion in both gallons per hour (gph) and gpm per square 
foot of tributary area for various rainfall rates. For rates not shown, add any lesser 
rate together to find the new rate. 

In some areas of the country, the public sewer is a combined sanitary and 
stormwater system. This requires the sanitary and stormwater systems to be com- 
bined either inside or outside the building wall. The combined system is usually 
sized on the basis of DFUs. To size the combined system, the number of square 
feet of tributary area of the stormwater system is converted to DFUs, to calculate 
the size of the combined building drainage network. Table C13.16 can be used as 
a guide for the conversion of square feet to DFUs. 
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TABLE C13.12 Size of Horizontal Storm Drains* 


Maximum projected area for drains of various slopes 


C.705 


¥-in slope 


Diameter of 


Ya-in slope 


Vo-in slope 


drain, in ft? 


ft? 


ft? 


gpm gpm gpm 

3 822 34 1,160 48 1,644 68 
4 1,880 78 2,650 110 3,760 156 
5 3,340 139 4,720 196 6,680 278 
6 5,350 222 7,550 314 10,700 445 
8 11,500 478 16,300 677 23,000 956 
10 20,700 860 29,200 1,214 41,400 1,721 
12 33,300 1,384 47,000 1,953 66,600 2,768 
15 59,500 2,473 84,000 3,491 119,000 4,946 


* Based upon a maximum rate of rainfall of 4 in/h (100 mm/h). Where maximum rates are more or 
less than 4 in/h (100 mm/h), the figures for drainage area shall be adjusted by multiplying by 4 and dividing 
by the local rate in inches per hour. 


1 ft? = 0.093 m? 
1 gpm = 0.075 l/s 


Limited-Discharge Roof Drainage Systems 


There are two reasons to select a limited-discharge roof drainage system: voluntarily 
for economic reasons or by necessity. The voluntary use of the limited-discharge 
system will allow smaller piping throughout the entire network, resulting in savings 
on the total installed cost of the piping. Job conditions may mandate the use of a 


TABLE C13.13 Size of Roof Gutters* 


Gutter diameter 


Maximum projected roof 


area for gutterst 


Ye-in slopet 


ft? m? 


DN gpm l/s 
3 80 170 16 7 0.5 
4 100 360 33 15 1.1 
5 125 625 58 26 1.9 
6 150 960 91 40 3.0 
7 175 1380 128 57 4.3 
8 200 1990 185 83 6.2 
10 250 3600 335 150 11.3 


* Based upon a maximum rate of rainfall of 4 in/h (100 mm/ 
h). Where maximum rates are more or less than 4 in/h (100 mm/ 
h), the figures for drainage area shall be adjusted by multiplying by 
4 and dividing by the local rate in inches per hour. 
t Gutters other than semicircular may be used provided they 
have an equivalent cross-sectional area. 
+ Capacities given for slope 46 in/ft shall be used when designing 
for greater slopes. 
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TABLE C13.14 Capacity of Vertical and Various Sloped Horizontal Stormwater 
Conductors and Rainwater Leaders, gpm (l/s) 


Pipe Horizontal piping slope, 
size Roof drains in/ft (cm/m) 
SS and vertical 
NPS DN piping Vs (1.0) YW (2.1) Vo (4.2) 
3 80 92 (5.8) 34 (2.1) 48 (3.0) 69 (4.3) 
4 100 192 (12) 78 (4.9) 110 (6.9) 57 (9.9) 
5 125 360 (23) 139 (8.8) 197 (12) 278 (18) 
6 150 563 (35) 223 (14) 315 (20) 446 (28) 
8 200 1208 (76) 479 (30) 679 (43) 958 (60) 
10 250 863 (54) 1217 (77) 725 (109) 
12 300 1388 (87) 1958 (123) 2775 (175) 
15 375 2479 (156) 3500 (220) 4958 (312) 


limited discharge system. Urban areas may have overloaded sewers, allowing only 
a small portion of the runoff to be discharged into the public sewer in order to 
prevent additional overloading. 

To limit the discharge, install roof drains with factory-preset grate openings that 
allow only a predetermined amount of stormwater to enter the drain. The allowable 
amount to be discharged must be given to the manufacturer in order to have the 


TABLE C13.15 Rainfall Conversion Data 


Rainfall, in/h gph per 1 ft? gpm per 1 ft’ 


3.0 1.870 0.0312 
2.9 1.808 0.0302 
2.8 1.745 0.0291 
2.7 1.683 0.0281 
2.6 1.621 0.0270 
2.5 1.558 0.0260 
2.4 1.496 0.0250 
23 1.434 0.0239 
2:2 1.371 0.0229 
21 1.309 0.0218 
2.0 1.247 0.0208 
1.9 1.184 0.0198 
1.8 1.122 0.0187 
1.7 1.060 0.0177 
1.6 0.997 0.0166 
1.5 0.935 0.0156 
1.4 0.873 0.0146 
1.3 0.810 0.0135 
1.2 0.748 0.0125 
1.1 0.686 0.0114 
1.0 0.623 0.0104 


1 gph = 0.0012 1/s 1 ft? = 0.093 m? 
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TABLE C13.16 Fixture Unit Drainage 
Square-Footage Equivalent 


Drainage area, ft? Fixture unit equivalent 

180 6 

260 10 

400 20 

490 30 

1,000 105 

2,000 271 

3,000 437 

4,000 604 

5,000 771 

7,500 1,188 
10,000 1,500 
15,000 2,500 
20,000 3,500 
28,000 5,500 

Each additional 3 ft? 1 fixture unit 


1 ft? = 0.093 m? 1 gpm = 19 ft? 


drain openings set correctly at the factory. The runoff not discharged must be 
temporarily stored on the roof or on site. 


A simplified design procedure for the limited-discharge roof drainage system 


consists of the following general steps: 


1 


2. 


Determine whether the code and local authorities will permit limited-discharge 
roof drainage for the project. 


Establish the maximum allowable flow rate, in gallons per minute, permitted 
to discharge into the ultimate point of disposal from all sources of water for 
the entire site. If the system is voluntary, some iterations will be necessary after 
the piping is run to find the optimum pipe size for the amount of stormwater 
stored on the roof. If discharge is into a sewer, the authorities having jurisdiction 
will provide the allowable discharge amount. If discharge is into a waterway, 
the existing site conditions should be calculated. The difference between the 
existing and proposed discharge volumes is the volume of water that should 
be stored on the roof. If drains in areas other than the roof are present, it is 
not generally possible to store water from those areas. The discharge from 
these drains will have to be separated from the total roof discharge to find the 
actual discharge allowed from the roof alone. 


Decide on the length of time that water is to remain on the roof. Generally 
accepted practice is to allow between 12 and 18 h, starting with as short a 
time as possible. Lengthen the time as necessary to obtain the calculated rate 
of discharge. 


Since the structural engineer must design the roof to support the additional 
load of stored water, a mutual agreement between the plumbing and structural 
engineers must be made to determine the depth. If the roof is flat, the generally 
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5. 


11. 


accepted depth is 3 in. If the roof is pitched, add 3-in water depth above the 
high point of the roof. Table C13.17 gives the weight for each inch of water. 


TABLE C13.17 Weight of Rainfall 


Amount of rain, in Weight of water, lb/ft? 


6 31.21 

5 26.01 

4 20.81 

3 15.61 

2 10.40 

1 5.20 
lin = 25.4 mm 


1 Ib/ft? = 4.88 kg/m? 


Find the total amount of rainfall, in inches, that will fall on the roof for the 
time established in step 3. The amount is obtained from Fig. C13.24, which is 
a 24-h, 10-yr return rainfall. A 10 percent reduction in the 24-h figure approxi- 
mates an 18-h rainfall. 


. Divide the figure found in step 5 by the time found in step 3 (e.g., 8 in divided 


by 12 h equals 0.67 in/h). Then determine the gpm discharge, using Table 
C13.15. Compare this figure with the maximum allowable discharge from the 
roof found in step 2. Adjust the retention time as required to match the allowable 
discharge rate. 


. Consideration must be given for a heavy rainfall occurring after the design 


storm ends, while some water remains on the roof during the drain-down time. 
This rainfall should be the actual 1-h duration, with the same return period 
selected for the project. This 1-h rainfall will deposit a number of inches of 
rain. The actual drainage rate will be the figure selected in step 2. By subtracting 
the drainage rate figure (in inches per hour) from the 1-h rainfall figure, the 
actual total allowable rainfall depth is found. This depth must not exceed the 
depth established in step 4. If it does, additional depth of storage is required, 
or the client must be willing to accept rainwater spilling out of the emergency 
overflow once during the return period selected. 


. Locate drains on roof, and find the total number of drains required. 
. Route the stormwater piping and overflow systems. 
10. 


Divide the number of drains into the total roof discharge allowed to find the 
gpm flowing out of each drain. Using Table C13.14, size the individual drains 
and branches, using the gpm and pitch of the pipe. Limited-discharge roof 
drains are set at the factory for the specified maximum flow rate established 
by the engineer. 


Size the piping network based on accumulated gpm flow at each design point 
and the pitch of the pipe. 


Conventional Roof Drainage System Considerations 


1. 


It is important that the local codes and authorities be consulted for the method 
used to connect to the public sewers. 
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FIGURE C13.24 
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2. It is good practice to place two roof drains in any area (except very small areas) 
to provide at least one drain to accept flow if the other is blocked by debris. 


3. Limit the square footage of any individual roof drain to a maximum of 5000 ft? 
(464.5 m?) of tributary area. 


Limited-Discharge Roof Drainage System Considerations 


1. Drains should be no greater than 200 ft (60 m) apart. 
2. Drains should be no greater than 50 ft (15 m) from the end of a tributary area. 


POTABLE WATER SUPPLY SYSTEMS 
AND PIPING 


Purpose 


The purpose of the potable water system is to provide water suitable for human 
consumption that has adequate purity, pressure, temperature, and volume to satisfy 
all applications for a specific project or purpose. 


Components 


The total potable water system consists of cold water, hot water, and hot water 
temperature maintenance subsystems. Major components of the various subsystems 
are water meters, treatment facilities, backflow preventers, storage tanks, pumps, 
pressure-reducing devices, water heating equipment, temperature maintenance wir- 
ing, hot water circulating pumps, system valves, and piping. 


Nomenclature 


Air gap: An unobstructed separation between a source of potable water and 
any source of contamination. 


Backflow: Any reversal of the flow of water from its intended direction. 
Back pressure: Backflow caused by an increase of normal pressure. 
Back siphonage: Backflow caused by a lowering of normal pressure. 


Booster hot water system: A secondary water heating system used to heat water 
to a higher temperature than that of the primary water heating system. 


Cavitation: A phenomenon of flowing water caused by the rapid formation 
and collapse of air cavities, which results in the pitting of surfaces on which 
they occur. 


City water: A commonly used term for potable water. 


Contaminant: Any impurity or toxic substance which, when introduced into a 
potable water supply, will create a health hazard or threaten the well-being of 
a consumer. 
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Cross-connection: Any physical connection between a potable water system 
and any potential source of contamination not protected by an approved device 
specifically designed to prevent flow between the two. 


Demand: Estimated flow rate expected under normal operating conditions, 
most often expressed in gallons per minute (gpm). 


Direct-fired: A water heater whose primary heat source is an integral part of 
the water heater assembly. 


Domestic water: Potable water primarily intended for direct human use, such 
as that supplied to plumbing fixtures. 


Evacuation-type plumbing fixtures: Plumbing fixtures, such as water closets and 
urinals, used to receive and discharge waterborne human bodily waste. 


Hot water: Water at a temperature higher than ambient, established by gener- 
ally accepted practice or code as being suitable for a specific application. 


Hydraulically remote: Farthest from the source of supply in terms of total 
pressure lost through the entire water supply piping system. 


Impurity: Any physical, chemical, or biological substance found in water mak- 
ing it undesirable for a specific use or degrading the purity of potable water. 


Indirect-fired: A water heater whose primary heat source is generated remotely 
from the water heater. 


Ion: Atoms, either singly or in groups, that have an electric charge. 


Maximum acceptable pressure: The highest pressure that will not cause a nui- 
sance or produce premature and accelerated damage to any component. 


Maximum building demand: The estimated flow of water from the maximum 
fixture demand plus highest water demand from various equipment throughout 
a building. 

Maximum fixture demand: The greatest estimated flow of water resulting from 
the probable maximum simultaneous use of intermittently operated plumbing 
fixtures. 


Minimum acceptable pressure: The lowest water pressure permitting safe, effi- 
cient, and satisfactory operation of the most hydraulically remote fixture or com- 
ponent. 


Normal pressure: The design or expected force per unit area at any point in a 
water system, usually expressed as pounds per square inch. 


Point-of-use heater: Locations immediately adjacent to the fixtures and/or 
equipment requiring hot water, compared to a remote, centralized location 
serving an entire building, area, or project. 


Pollutant: Any impurity that may create a hazard to the water supply. 


Potable water: Water of sufficient purity to meet various standards established 
as being fit for human consumption. 


Pressure zone: A water distribution system within any area of a building having 
a common source of water supply or pressure origin. 


Raw water: Water received directly from the supply source. 


Recovery rate: The amount of water capable of being heated to the design 
temperature per unit of time in a water heater. 


Residual water pressure: The pressure of water available in a piping system 
when water is flowing. 
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Service hot water: Hot water intended for commercial, industrial, or domestic 
use within a building. 


Static water pressure: The pressure of water in a piping system during the time 
no water is flowing. 


Street pressure system: A pressure zone supplied from a public water main, 
using only the pressure available in that main. 


Toxic substance: A commonly used term for pollutant. 


Ultra low flush (ULF): Used to describe water closets requiring low volume 
of water (1.6 gpm or 0.12 l/s) for discharge into the sanitary drainage system in 
lieu of the 3.5 gpm (0.26 l/s) which is currently the standard. 


Usable storage volume: The gallons of hot water available for use before the 
introduction of water into the tank faster than it can be heated lowers the water 
temperature below acceptable limits. A generally accepted value is 70 percent. 


Water hammer: A sharp, instantaneous rise in pressure of water in a pipe and 
the resulting shock wave caused by a sudden stoppage of moving water. 


Water Meters 


When water is provided by a utility company, meters are required for billing pur- 
poses. The utility company will usually require a specific location for the meter, 
such as inside the building or in a pit adjacent to the property or building; clearance 
around the meter needed for reading the meter; piping arrangement; and other 
regulations to discourage any attempt to bypass the meter. 

The water meter is usually a part of a water meter assembly that could include 
shutoff valves, strainers, a test tee for testing the accuracy of the meter by the local 
authorities, and a meter bypass. 

The selection of a meter type, if not mandated by the utility company or local 
authorities, is based on accuracy and pressure loss through the meter at the intended 
flow rates. Water meter types include the disk meter, turbine meter, and com- 
pound meter. 


Contamination Prevention 


Impurities found in potable water are divided into three general classifications: 
severe, moderate, and minor. It is necessary to evaluate each facility as a whole 
and also at specific points of use to protect against potential hazards. Local health 
and building codes and ordinances must be consulted for specific requirements, 
and for the suitability of any device for a specific application. 

There are five basic methods of preventing the contamination of a potable water 
system from cross-connections with, and backflow from, a potentially contami- 
nated source: 


1. Air gap. Suitable for severe hazards, the air gap is passive and is the only fail- 
safe method of preventing backflow. The allowable air gap dimension is provided 
in local codes and is usually 2 in (50 mm). 


2. Pressure-type vacuum breaker. Suitable for minor hazards, the pressure-type 
vacuum breaker is a mechanical device designed to prevent backflow caused 
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only by back-pressure conditions. It is designed to operate under continuous 
pressure on both sides of the device. 


. Atmospheric-type vacuum breaker. Suitable for minor hazards, the atmospheric- 
type vacuum breaker is a mechanical device designed to prevent backflow caused 
only by back-siphonage conditions. It is designed to operate with pressure on 
only one side of the device. 


SHUTOFF VALVE 
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—FIRST CHECK VALVE 
SECOND CHECK VALVE —— 


FIGURE C13.25 Double check valve backflow preventer. 


. Double check valve. Suitable for moderate hazards, a double check valve, illus- 
trated in Fig. C13.25, is a mechanical device consisting of two independently 
operating, soft seat, swing check valves. It prevents backflow from back-siphon- 
age and back-pressure conditions. 


. Reduced-pressure zone. Suitable for severe hazards, a reduced-pressure zone 
backflow preventer, illustrated in Fig. C13.26, is a mechanical device consisting 
of two independently operating, soft seat, spring-loaded check valves with the 
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FIGURE C13.26 Reduced pressure zone backflow preventer. 
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addition of an independent, differential-pressure relief valve installed between 
the check valves, in the region of the assembly called the reduced-pressure 
zone. The relief valve will open under backflow conditions and discharge all the 
upstream water under pressure until the condition is corrected. With the potential 
for large flows, it is accepted practice to direct the discharge outside a facility. 


The supplier of public potable water is responsible for protecting the public 
distribution system from contamination by a nearby contaminated water source, 
such as a pond or stream that may be used by a fire department to fight a fire at 
the project location. Depending on local regulations, it may be neccessary to provide 
backflow protection on the site main before it connects to the public source of water. 

Another aspect of contamination protection is the disinfection of the entire 
interior potable water system. A commonly referenced standard is AWWA C651, 
Standard for Disinfecting Water Mains. 


Water Velocity 


The velocity of water flowing through the piping system should be kept low enough 
to prevent objectionable noise, water hammer, and accelerated component wear 
due to erosion or nuisance splashing of water from fixtures. To avoid excessive 
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FIGURE C13.27 House tank and downfeed water distribution system. 
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noise, generally accepted practice for commercial buildings is to limit water velocity 
to between 6 and 8 fps. For industrial projects, 10 fps is acceptable in work areas 
where the noise is not noticeable. If the water supply is controlled by a quick-closing 
valve, the velocity should be limited to approximately 4 fps to avoid water hammer. 


Water Distribution Systems 


The purpose of a water distribution system is to deliver both hot and cold water, 
in an acceptable range of pressure and temperature, to fixtures and devices in all 
parts of a building. All distribution systems can be divided into either upfeed or 
downfeed systems. 

In the downfeed system, illustrated in Fig. C13.27, water is supplied down through 
vertical pipes to the lowest point in the pressure zone. In an upfeed system, illustrated 
in Fig. C1328, the water is supplied upward through vertical pipes to the highest 
point in the pressure zone. 
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FIGURE C13.28 Booster pump system and upfeed water distribution 
system. 


The decision as to which system to use is based on several factors, such as where 
enough room exists to run the hot and cold water distribution mains, origin of the 
source of supply, and economics. A downfeed system generally has smaller pipe 
sizes and is usually more economical than an upfeed system. 


Estimating Water Demand 


The calculation of maximum demand is approximate because it is not possible to 
predict exactly how many fixtures or pieces of equipment may be in use at the 
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same time. This estimate should allow for the probability that the calculated flow 
will be exceeded occasionally but not permit wasteful oversizing because the esti- 
mate will be rarely exceeded. 

The method used to calculate the maximum probable demand is based on the 
water fixture unit (WFU). Refer to Table C13.1 for WFU values for typical fixtures. 
Table C13.18 permits determination of the estimated flow rate in gallons per minute 
for accumulated WFUS at any point in the system. Interpolate to find intermedi- 
ate values. 

Table C13.18 is divided into two columns, one for systems containing flush valve- 
operated water closets in addition to other fixtures, and the other for flush tank 
water closets and any other fixtures. Use the appropriate column for the specific 


TABLE C13.18 Maximum Probable Flow, gpm (l/s) 


Water supply Tank-type Flushometer-type | Water supply Tank-type Flushometer-type 
fixture units water closets water closets fixture units water closets water closets 
1 1 (0.07) 120 25.9 (2.0) 76 (5.7) 
2 3 (0.21) 125 26.5 (2.0) 76.5 (5.7) 
3 5 (038) 130 271 (2.1) 77 (5.8) 
4 6 (0.45) 135 277 (21) 78 (5.8) 
5 7 (0.53) 27.2 (2.2) 140 283 (2.1) 78.5 (5.8) 
6 8 (0.60) 29.1 (2.2) 145 29.0 (22) 79 (5.9) 
y 9 (0.68) 30.8 (2.4) 150 29.6 (22) 80 (6.0) 
8 10 (0.70) 32.3 (2.5) 160 30.8 (2.3) 81 (6.1) 
9 11 (0.83) 33.7 (2.5) 170 32.0 (2.4) 83 (62) 
10 12.2 (0.92) 35 (2.6) 180 333 (2.5) 84 (6.3) 
12 12.4 (0.94) 37.3 (2.6) 190 34.5 (2.5) 85 (6.4) 
14 12.7 (0.96) 39.3 (2.8) 200 35.7 (2.6) 86 (6.5) 
16 12.9 (0.98) 41.2 (3.1) 220 381 (2.8) 88 (6.7) 
18 132 (1) 42.8 (3.2) 240 40.5 (3.0) 90 (6.8) 
20 13.4 (1.01) 44.3 (3.3) 260 43.0 (3.2) 92 (7.0) 
22 13.7 (1.02) 45.8 (3.5) 280 45.4 (3.4) 94 (72) 
24 13.9 (1.03) 47.1 (3.6) 300 47.7 (3.6) 96 (72) 
26 142 (1.07) 48.3 (3.7) 400 59.6 (4.5) 102 (74) 
28 14.4 (1.09) 49.4 (3.8) 500 712 (5.3) 108 (82) 
30 14.7 (1.1) 50.5 (3.9) 600 82.6 (6.3) 113 (8.6) 
35 15.3 (1.1) 53.0 (4.0) 700 93.7 (7.1) 117 (8.9) 
40 15.9 (1.2) 552 (4.1) 800 105 (8.0) 120 (9.1) 
45 16.6 (1.3) 57.2 (4.2) 900 115 (87) 123 (93) 
50 172 (1.3) 59.1 (4.3) 1,000 126 (9.5) 126 (9.5) 
55 17.8 (1.4) 60.8 (4.5) 1,500 175 (133) 175 (133) 
60 18.4 (1.4) 62.3 (4.6) 2,000 220 (16.7) 220 (16.7) 
65 19.0 (1.5) 63.8 (4.7) 2,500 259 (19.7) 259 (19.7) 
70 19.7 (1.5) 65.2 (4.9) 3,000 294 (22) 294 (22.3) 
75 20.3 (1.5) 66.4 (5.0) 3,500 325 (24.7) 325 (24.7) 
80 20.9 (1.6) 67.7 (5.1) 4,000 352 (26.7) 352 (26.7) 
85 21.5 (1.6) 68.8 (5.2) 4,500 375 (28.5) 375 (28.5) 
90 222 (1.7) 69.9 (5.3) 5,000 395 (30) 395 (30) 
95 22.8 (1.7) 71.0 (5.3) 6,000 425 (32.3) 425 (32.3) 
100 23.4 (1.8) 72.0 (5.4) 7,000 445 (34) 445 (34) 
105 24.0 (1.8) 73.0 (5.5) 8,000 456 (34.6) 456 (34.6) 
110 24.6 (1.9) 73.9 (5.6) 9,000 461 (35) 461 (35) 
115 25.3 (1.9) 74.8 (5.7) 10,000 462 (35) 462 (35) 


PLUMBING PIPING SYSTEMS C.717 


branch or system under design, with a value of 75 percent of the WFU value for 
fixtures using both hot and cold water. 


Design of the Water Supply Distribution System 
The water supply system must achieve the following basic objectives: 


1. Deliver an adequate volume of water to the most hydraulically remote fixture 
during minimum pressure and maximum flow conditions. 


2. Provide adequate water pressure to the most hydraulically remote fixture during 
minimum pressure and maximum flow conditions. 


3. Prevent excessive water velocity during maximum flow conditions. 


The process of pipe sizing and component selection is an iterative one, requiring 
the design engineer to first assume initial values and recalculatc if necessary, using 
new values if the initial assumptions prove wrong. Use the following simplified 
method as a guide to sizing. Additional criteria regarding system components are 
presented later in this chapter. 

The basic method of system design is to first establish values that are fixed, such 
as fixture operating pressure and the difference in static height of that fixture from 
the pressure source. The pipe size, which is adjustable, is then selected so that the 
remaining system pressure, in the form of friction loss of the water flowing through 
the pipe, will be used while not exceeding recommended velocity figures. For a 
pumped system, the design engineer has the ability to increase the total dynamic 
head of the pump, to provide additional pressure to the piping network if desired. 
A simplified design of a street pressure system proceeds as follows: 


1. Find the static and residual source water pressures and the elevation at which the 
pressures are obtained. The residual pressure is the basis of the sizing procedure. 

2. Determine by rough calculation whether water pressure booster or reducing 
systems are necessary. If pressure adjustment is required, select the appro- 
priate system. 

3. Locate main runs, and route the water distribution system piping. 

4. Calculate pressure losses in the distribution system as follows: 

a. Estimate the maximum flow in the building water service. This is done by 
adding all WFUs and converting them to gpm, using Table C13.18. 

b. Calculate the loss of pressure in the building water service from the source 
into the building. Add (or subtract) the height difference between source 
and height of main distribution piping inside building, friction loss of the 
service line, meter, BFP, valves, and all equipment contributing to the loss 
of pressure. Allow 5 to 10 psi (35 to 70 kPa) for future losses in water supply 
source pressure, if applicable. 

c. Find the height of the most hydraulically remote fixture from the height of 
main distribution piping. 

d. Find the pressure required to operate the most hydraulically remote fixture 
from Table C13.19. 

5. Add the results of steps b, c, and d, and subtract from the figure obtained from 

step 1. 

6. Calculate the total equivalent run of water piping to the farthest fixture. 
7. Divide the pressure calculated in step 3 into the pipe run calculated in step 4 
to find the friction loss allowable for the piping system. 
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TABLE C13.19 Minimum Acceptable Operating 
Pressures for Various Plumbing Fixtures 


Fixture Pressure, psi 
Basin faucet 8 
Basin faucet, self-closing 12 
Sink faucet, %-in (0.95-cm) 10 
Sink faucet, ¥2-in (1.3-cm) 5 
Dishwasher 15-25 
Bathtub faucet 5 
Laundry tub cock, %4-in (0.64-cm) 5 
Shower 12 
Water closet ball cock 15 
Water closet flush valve 15-20 
Urinal flush valve 15 
Garden hose, 50-ft (15-m), and sill cock 30 
Water closet, blowout type 25 
Urinal, blowout type 25 
Water closet, low-silhouette tank type 30-40 
Water closet, pressure tank 20-30 
1 psi = 6.89 kPa 


8. Using appropriate pipe friction loss charts or tables and the estimated water 
demand, size the piping at each design point. 


For a pumped system, steps 1, 3, 4a, and 4b will determine the suction pressure 
at the inlet to the pump. Steps 4c and 4d will establish the fixed-pressure require- 
ments, and the design engineer then selects a pump with enough pressure to allow 
a reasonable friction loss in the piping system. 


Adjusting Water Pressure 


If the pressure in the water source is sufficient to adequately supply the most 
hydraulically remote fixture in a building, a street pressure system is the most 
economical selection. 

When the pressure is not adequate, it must be increased. Systems used are 
elevated water tank, booster pumps, or hydropneumatic tank systems. Sizing should 
be based on accepted practices, such as those published by the American Society 
of Plumbing Engineers (ASPE). If the pressure is excessive, it must be reduced to 
an acceptable level. 


Excessive Water Pressure. Water pressure in a water distribution system is consid- 
ered excessive if it will damage, or create conditions that will damage, components 
of the water distribution system or create a nuisance such as by having water splash 
out of a fixture during use. 

There is no precise value of water pressure below which the pressure will never 
damage a water distribution system, and above which it will always damage the 
system. A widely accepted value is 70 psi (483 kPa). Often, the maximum permissible 
water pressure is stipulated by code. 
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A pressure-regulating valve (PRV) is a device used to lower a variable inlet 
pressure and automatically maintain the outlet pressure of water within predeter- 
mined design parameters for both dynamic flow and static conditions. This is done 
by a closure device that opens and closes an orifice in response to fluctuations in 
outlet (regulated) pressure. The degree of closure depends upon the ability of a 
sensing mechanism to detect changes in water pressure at the outlet side of the valve. 

Pressure-regulating valves fall into two general categories: direct-operated and 
pilot-operated. 

The direct-operated PRV has the closure member controller in direct contact 
with water pressure in the outlet (regulated) side of the valve. When the outlet 
pressure varies, the differing pressure causes the closure member to open or close 
by an amount necessary to achieve the desired outlet pressure. Direct-operated 
valves are lowest in initial cost and provide the least accuracy in regulating the 
outlet pressure. They produce a pressure reduction in proportion to the flow—the 
larger the flow, the less the pressure in the discharge line. 

A pilot-operated valve is a combination of two pressure-regulating valves in a 
single housing. It consists of a primary valve (or pilot), which is in direct contact 
with water pressure in the outlet (regulated) side of the valve, and the main valve, 
which contains the closure member. The pilot valve senses variations in the outlet 
pressure and magnifies closure member travel to achieve the desired outlet 
pressure. 

The pilot-operated valves are the highest in initial cost but provide the greatest 
degree of accuracy over a wider range of pressure and flow conditions than a direct- 
operated PRV. 


Selecting a Pressure-Regulating Valve 


Various manufacturers offer different types of PRVs. The different valves represent 
a compromise between price, capacity, accuracy, and speed of response. Such infor- 
mation is provided by the manufacturers for use in valve selection. 

The following considerations affect the selection of a pressure-regulating 
valve: 


1. Minimum flow rate: The minimum rate of flow (other than zero) expected in 
the piping section under design. 


2. Maximum flow rate: The maximum rate of flow expected in the piping section 
under design. 


3. Nature of flow: Whether the flow rate is reasonably constant or intermittent. 


4. Location of the pressure-regulating valve: Is the valve located at the beginning 
or end of a branch? 


5. Maximum inlet pressure: The highest pressure expected at the inlet of the 
pressure-regulating valve. 


6. Outlet pressure: The pressure that the regulating valve must maintain. 


7. Falloff: 'The difference between the design pressure at which the system has 
been set and the actual outlet pressure found in the piping—a difference usually 
limited to approximately 15 psi (104 kPa). 
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FIGURE C13.29 Friction loss for smooth pipe. 
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8. Pressure differential: The difference in pressure between the inlet and outlet 
of the pressure-regulating valve. If this difference is excessive, cavitation may 
result. 


9. Accuracy of pressure regulation: The degree of accuracy desired to be main- 
tained within the regulated water distribution system. 


10. Speed of response to changes in pressure: If this response is too rapid, a noise 
called chatter may result. If the response is too slow, an unacceptably wide 
variation of pressure may occur at the outlet. 


11. If flow requirements are beyond the recommended capacity of a single PRV, 


PLUMBING PIPING SYSTEMS C.721 


FRICTION LOSS IN LBS. PER SQ.IN. PER IOOFT. LENGTH 


Ol 2 34 56 8! 2 3 45680 20 30 40 60 100 
10000 j 7 7 7210000 
8000 El. ia 7| 8000 
6000 Fairly rough jer l -H L 6000 
5000 new steel pipe x f i oh — 5000 
4000 i — tH 4000 
3000 3000 
2000 ft 2000 
1000 

800 

600 
~ 500 500 n 
5 4000 o 
* 300 p A ++ 300 = 
= hes : M T 4 p | i i z 
o 200 Fr + 2005 
> : NLIS > 
r r 
5 r 
2 100 S 
E 80 xA 
m 60 a 
P 50 S 
Z 40 z 
> = 

30 z 
S e 
m 20 i "1 

i i | 
*. | 

10 N ft e LN ra peri i | 10 

8 i Le c A Tory ta 8 

6 N X Ere 6 

5 4 f %, udi 5 

4 LAU EM 4 

3 N t t KAI i wd 3 

ir MEN 

2 MN 2 

Ql 2 3456 81 2 3 456 810 20 3040 60 100 


FRICTION LOSS IN LBS. PER SQ.IN. PER IOOFT. LENGTH 
FIGURE C13.30 Friction loss for fairly rough pipe. 


multiple PRVs in parallel are commonly used to allow for low and high flows 
in a single supply branch. 


Pipe Size Selection 


Pipe sizing is accomplished by using maximum allowable pressure loss, demand, 
and velocity at the design point. Two methods of determining these values are 
available. The first uses prepared tables for each pipe size, with the velocity and 
pressure loss for various flow rates. The second method uses nomographs, where 
on a single graph, all the information is displayed. The tables are regarded as 
more accurate, and the nomographs are more convenient. The nomographs in Figs. 
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FIGURE C13.31 Friction loss for rough pipe. 


C13.29, C13.30, and C13.31 are provided for smooth, fairly rough, and rough pipes. 
Charts have been made for specific plastic pipe materials, but space limitations 
prevent reproduction in this handbook. Use Fig. C13.29 for plastic pipe. 


SERVICE HOT WATER SYSTEM 


Purpose 


The purpose of the service hot water system is to heat raw water from ambient 
temperature to a desired higher temperature and to deliver hot water to terminal 
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points with a delay of less than 20 s. A booster hot water system heats primary 
service hot water to a higher temperature for a specific purpose. 


Water Heating Methods and Equipment 


Water heaters are categorized as instantaneous, semi-instantaneous, or storage. 
They can be either directly or indirectly fired. Fuels most fregently used to heat 
water are electricity, steam, fuel oil, fuel gas, and solar energy. 

Instantaneous-type heaters consist of a unit that heats water as quickly as the 
demand flow rate requires. They have no storage and a high recovery rate. Advan- 
tages include little floor space required, low initial cost, and factory preassembly 
into a package ready to install. Disadvantages are difficult control of outlet water 
temperature and high Btu requirements for the heating medium. For instantaneous- 
type heaters, an accurate approximation for steam can be calculated by multiplying 
the gpm requirements by 50 Ib/h. This type of heater is almost always indirectly 
fired, using either steam or hot water supplied from a central heating plant, steam 
utility system, or a boiler. 

Semi-instantaneous-type heaters are similar to the instantaneous type except for 
having a limited water storage capacity, which permits easier control of outlet water 
temperature. This type of heater can be either directly or indirectly fired and is 
preferred to the instantaneous type. The far greater majority of installations are 
of the indirect-fired type. 

Storage-type heaters have a large storage capacity and lower recovery rate. This 
system consists of either a combination storage tank and a direct- or indirect-type 
immersion heater inside the tank, or separate water heater and storage tank. This 
system should be considered when high peak surge loads are encountered for short 
periods and when a limited source of heat energy exists. Disadvantages include 
large amount of floor space and high initial cost. Advantages include a low instanta- 
neous heat energy demand rate. 

Point-of-use heaters are used for isolated and remote locations where it is not 
economical to run piping from the primary service hot water system. 

The choice of a primary fuel for heating water depends on the following consider- 
ations: 


1. Availability of fuel 

2. Cost 

3. Availability of heating equipment using the desired fuel 
4. Space requirements and cost for equipment vents or flues 
5 


. Client preferences 


Acceptable Hot Water Temperature 


Generally accepted practice requires a hot water temperature to a maximum of 
140°F (60°C) at the heater to eliminate leagonella bacteria. Codes and standards, 
particularly for hospitals, schools and health care facilities, may further restrict the 
allowable temperature of the hot water supplied for various uses. 
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Water Heater Sizing 


Hot water use and flow rates are characterized by intermittent periods of peak, 
sustained, and low to no-flow conditions. The pattern and use requirements vary 
depending on building type, population, time of day, and commercial process re- 
quirements. 

When one is designing a project for a client or an agency with a preference 
for specific heater types and sizing criteria, such as cities and states, the federal 
government, and the Department of Defense, the design engineer must follow the 
methods established by the client. When no criteria exist, sizing should be based on 
accepted practices, such as those published by the ASPE and ASHRAE (American 
Society of Heating, Refrigerating, and Air-Conditioning Engineers). 


Safety Devices 


The heating of water produces pressures in the hot water piping network and 
equipment higher than those in the cold water system. This pressure may exceed 
the rating of the various components if not relieved. To accomplish this, three 
devices are provided. Temperature relief valves discharge water from the system 
in the event that water temperature is excessive; pressure relief valves discharge 
water from the system if the design pressure is exceeded; and energy cutoff devices 
are provided to stop the flow of fuel or heating medium to the heater if the 
temperature or pressure value is exceeded anywhere in the system. It is common 
practice to combine the temperature and pressure relief into a single safety device. 
The hot water discharged must be routed to a safe location. In addition, expansion 
tanks are installed in the hot water piping to accommodate the increased volume 
of water. 


Hot Water Temperature Maintenance 


Generally accepted practice requires that hot water delivered to terminal points of 
the system reach utilization temperature in 20 s or less. To accomplish this, two 
methods are used to maintain the water temperature. The first uses a separate 
water circulation pipe to return the cooler hot water from the end of the system 
to the heater for reheating, thereby keeping the primary water hot. The second 
method uses a self-regulating electric heater wire attached directly to the hot water 
pipe. This heater wire becomes hot only in response to a drop in temperature of 
the water pipe to a predetermined point. 

The electric heater strip has become the preferred method of temperature main- 
tenance because of its lower initial and operating costs compared to those of a 
recirculated system. 
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INTRODUCTION TO ASH HANDLING SYSTEMS 


Automatic ash handling systems developed as the size of coal-fired boilers increased 
beyond the sizes permitting manual handling of the quantity of ash. To remove 
ash from the boiler vicinity to a remote disposal location, conveying systems utilizing 
pipe offered the greatest flexibility for routing. The ash falling to the bottom of 
the boiler furnace for removal is known as bottom ash. The particulate carried in 
the flue gas stream to economizer, air heater, or other downstream hoppers is 
called fly ash. As environmental standards have evolved, more complete removal 
of particulate from the flue gas stream has necessitated increasing emphasis on fly 
ash collection and conveying systems. In ash-handling systems, the pipe utilized for 
conveying ash is termed the conveyor or conveyor line. 


TYPES OF SYSTEMS 


Ash is conveyed manually, mechanically, pneumatically, and hydraulically. Only 
pneumatic and hydraulic systems utilize pipe and are discussed here. Pneumatic 
systems may be positive or negative pressure, as described later. Hydraulic systems 
are also known as sluice systems and may be used independently or in combination 
with pneumatic systems. Mechanical systems typically include submerged or dry- 
flight conveyors, screw conveyors, or belt conveyors. 
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Negative-Pressure Dilute-Phase 


In negative-pressure dilute-phase systems (vacuum systems), a vacuum pump (me- 
chanical exhauster) or steam or water exhauster is used to create a vacuum, inducing 
air to flow through the conveyor line. Ash is admitted to the moving airstream and 
conveyed to the disposal point (Fig. C14.1). In systems using water exhausters, the 
ash is sometimes mixed with the water and sluiced to the disposal location. The 
pressures in these systems range from —16 in Hg (40 cm Hg) to atmospheric at 
the air intake point. 

A vacuum (negative pressure) system is a popular choice for conveying fly ash. 
Several inherent features make this an advantageous design: simple ash intake 
valves; conveyor feed sensing that provides positive ash feed control; low headroom 
requirements; and clean operation, because any joint leakage will be into the con- 
veyor. As the number of collection points in the system increases, the cost advantage 
of a vacuum system increases when compared with a pressure system. Conveying 
distance and capacity requirements sometimes limit the use of a vacuum system; the 
alternative is generally a pressure system, or a combination vacuum/pressure system. 

Advantages of negative-pressure (vacuum) pneumatic systems include their in- 
herent cleanliness, single valve requirement at the ash intake, and low headroom 
requirement. Leaks in a vacuum system are inward. Conveying capacities are gener- 
ally limited to 50 tons per hour (55 Metric Ton per hour) and conveying distances 
less than 1000 ft (305 m). 

All joints, fittings, and expansion joints are gasketed with suitable material for 
the temperature and service. Since pneumatic systems are subject to cyclical heating 
and cooling with temperature excursions as great as 1000°F (538°C), expansion 
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FIGURE C14.1 Diagram of vacuum system. 
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FIGURE C14.2 Single line drawing of crossover arrangement. 


joints are generally required in every straight run of pipe. Branch-line and crossover 
gates (Fig. C14.2) are generally automatic and are either knife gates designed for 
abrasive ash service or totally enclosed rotary slide gates. In both cases, the inside 
diameter of the pipe should be maintained through the valve with minimal interfer- 
ence which could cause turbulence and wear. The preferred method of metering 
ash is by opening and closing valves completely, as often as required. Valve position 
is not used to regulate the flow of ash. 
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FIGURE C14.3 Drawing of replaceable wearback. 


Pipe in vacuum systems is generally abrasion-resistant cast iron or carbon steel, 
particularly for long, straight systems. Fittings are chromium cast iron with cast in 
or removable, replaceable, thick-wearback sections (Fig. C14.3). Hand-hole access 
covers are often provided on the inside radius of elbows or near them to allow 
removal of foreign objects or blockages. Chromium cast-iron pipe is usually used 
for a short distance after changes in direction to better protect against the abrasion 
from turbulence downstream of fittings. 

In any pneumatic system, velocity must be carefully controlled while maintaining 
design capacity, and so the selection of pipe size is of great importance. Transitions 
to larger pipe must be located to keep ash velocities above the pickup velocity and 
below the velocity at which severe sandblasting abrasion results. Velocity increases 
as the ash/air mixture moves downstream and pressure and friction losses decrease, 
and the air volume increases due to heating. The calculations for the pipe size 
and location of transitions are partly empirical and considered proprietary by the 
manufacturers of conveying systems. Generally, the minimum velocity in fly ash 
conveyor lines should be 3800 ft/min (19 m/s), as extensive testing of a wide range 
of ashes has shown this to be the usual minimum pickup velocity. In the event that 
a system is shut down in emergency and ash falls out in the conveyor line, this 
minimum velocity ensures it will be picked up and conveyed when the system is 
restarted. Bed ash from fluidized-bed combustors varies considerably, but typically 
requires at least 4500 ft/min (23 m/s). Bottom ash, if pneumatically conveyed, may 
require 5000 ft/min (25.4 m/s) or more. Maximum velocities should be minimized, 
as previously explained, but should not exceed 6500 ft/min (33 m/s) to avoid elbow 
impact damage and severe erosion of pipe material. 

Industrial boiler houses with stoker-fired boilers, many of which are extant, 
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usually had fly ash systems that were 4 or 6 in (100 mm or 150 mm) in diameter 
and bottom ash systems that were 8 in in diameter. A small utility's pulverized coal 
boiler with a silo about 400 ft (122 m) from the first row of the precipitator and a 
conveying capacity of 30 tons per hour (33 Metric Ton per hour) might have a 
combination 8-in (200-mm), 9-in (225-mm), and 10-in (250-mm) system. A cogenera- 
tion plant burning fuel that is 50 percent ash or more might have a 50 tons/h (55 
Mt/h) system, 400 ft (122 m) long with 10-in (250 mm) 11 (275), and 12-in (300) 
pipe. A utility power plant with a remotely located silo might have a vacuum 
collection system 8 in (200 mm) and 9 in (225 mm) in diameter and a pressure 
system 2500 ft (762 m) long of 12-in (300-mm) and 14-in (350-mm) pipe. 


Positive-Pressure Dilute-Phase 


In positive-pressure dilute-phase ash handling-systems, a positive displacement 
blower is used to generate the airflow through the pipeline (Fig. C14.4). Ash is 
admitted into the conveyor through air lock devices, which bring the ash up to the 
pressure of the conveyor. As a general guideline, pressure systems are used when 
required capacities exceed 50 tons per hour (55 Metric Ton per hour) or conveying 
lengths exceed 1000 ft (305 m). Pressures are typically less than 35 psig (240 kPa) 
at the blower discharge. 
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FIGURE C14.4 Single line drawing of pressure system. 


Construction of the conveyor line is similar to that in vacuum systems, except 
that integral wearback fittings are used to minimize the amount of potential leak 
sites (gasketed area) (Fig. C14.5). Again, velocities are key to conveying capacity 
and minimizing wear, and the determination of pipe size and location of size transi- 
tions are calculated as in vacuum systems. 


Positive-Pressure Dense-Phase 


Dense-phase pneumatic systems use compressed air to push *'slugs" of ash along 
the conveyor line. In general, pressures are higher than those in dilute phase, but 
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FIGURE C14.5 Drawing of integral wearback. 


velocities are much lower, at least near the ash pickup points. Typically, ash is 
collected in a pressure vessel, which is sealed and pressurized to commence con- 
veying. A discharge valve is opened, and the slug of ash travels along the conveyor 
line. Often, additional air must be admitted to complete conveying to the discharge 
location. Dense-phase systems typically are used for shorter and lower-capacity 
systems than dilute-phase. They work best when ash is of uniform consistency. 

Typical dense-phase systems use NPS 2 to 8 (DN 50 to 200) pipe, usually carbon 
steel although cast iron may be used for the NPS 4 (DN 100) and larger systems. 
Pressures at the pressure vessel may reach 60 psig (414 kPa). For carbon-steel pipe, 
fittings and pipe may be welded, with periodic bolted flanges for access to pluggages. 
Fittings and joints for cast-iron pipe are described later. 


Hydraulic Systems 


Hydraulic (sluice) systems (Fig. C14.6) use quite a variety of pipe materials de- 
pending on the length of the run and the longevity required for the pipe. Steel or 
cast iron is normally a minimum with chromium cast-iron fittings and straight 
sections after changes in direction, when conveying fly ash. Bottom ash may require 
steel or cast iron, but basalt-lined steel, ceramic-lined steel, and fiberglass-reinforced 
epoxy with ceramic are all also used for sluice pipe. Basalt is a castable igneous 
rock with relatively low melting temperature and high abrasion resistance. 

Sluice pipe requires design consideration for freeze protection and may be 
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U C C BOTTOM ASH SLUICE SYSTEM 


FIGURE C14.6 Single line drawing of sluice system. 


pressurized to discharge or gravity flow to discharge. It is often laid directly on the 
ground for long runs to remote locations. Significant life extension can be achieved 
with regular rotation of sluice pipe, as most abrasion occurs on the bottom. 


CODES AND STANDARDS 


There are no specific codes and standards that apply to ash conveyor piping. Most 
of the major manufacturers of ash-handling systems have their own proprietary 
materials for ash conveyors with pipe sizes and materials, fittings, expansion joints, 
and specialty devices which are not readily interchangeable from one manufacturer 
to another. American manufacturers each provide conveyor pipe in nominal 1-in 
(25-mm) increments (inside diameter) from 4-in (100-mm) to 12-in (300-mm), and 
occasionally larger sizes. Dimensions are nonstandard, and Tables C14.1 and C14.2 


TABLE C14.1 Nuvaloy Pipe Dimensional Data 


Nominal Outside Inside Wall 
pipe size, diameter, diameter, thickness, Weight, 
in in in in Ib/ft 
4 5.00 4.04 0.48 21.3 
5 6.00 5.00 0.50 27 
6 7.10 6.00 0.55 353 
7 8.375 7.001 0.687 51.8 
8 9.05 TTS 0.65 53.5 
9 10.33 9.01 0.66 63.0 
10 11.10 9.96 0.57 58.8 
11 12.20 11.0 0.60 66.2 
12 13.20 11.96 0.62 76.5 


14 15.30 13.80 0.75 107 
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TABLE C14.2 Dimensions of Durite (UCC) Pipe 


SURITE PIPE 


DURITE PIPE {S CAST IN LENGTHS FROM 1/4" TO 
5'- 11- 3/4" AND CAN NOT BE CUT. SEE CHART 
BELOW FOR ACTUAL LENGTHS, 


Pipe size (Nom.) | 4" 6" a 8" 9" 10" 11" 12" 13" 14" 
Pipe I.D. | 4^ 6" T 7-3/4" 9 10" 11" 12" 13" 14" 
"A" | e-v2" | 7-5/8" | 8-3/4" | 10-7/8" | 10-7/8" 12" 13-5/16" 16" 16" 17-5/8" | 17-5/8" 


Outside diameter [ 5.50" 6.50" | 7.75" 8.87" 9.62" 11.00" 11.87" 12.875" | 14.00" | 15.75" | 15.75" 
wt./ft. empty | 45# 50: 70# 90# 100# 120# 130# 130# 1554 218i 1524 
w/ash or slurry | 54s 645 90i 1178 1334 1644 1854 2001 2344 3001 259i 


] 
] 
"B" ] ve 3/8" 3/8" 3/8" se | 1/2" 3/8" 1/2" 1/2" 1/2" 1/2" 
| 
I 


Durite Pipe Lengths Show part no. only in B/M 


Details on 

Drawing No. 2-174104-# | 2-174105-# | 2-174106-# | 2-174107-# | 2-174108-# | 2-174109-# | 3-170285-# | 2-174111-# | 3-170284-# | 2-174112-# | 2-174113-# 

Part Number 2-174104-# | 2-174105-# | 2-174106-# | 2-174107-# | 2-174108-# | 2-174109-# | 3-170285-# | 2-174111-# | 3-170284-# | 2-174112-# | 2-174113-# 
Pipe size |-NOf A" 5 6" T 8" 9" 10" 11^ +2 13" 14" 
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5-0" | -600 = 411-3/4" > 
6-0" | -720 E 5'-11-3/4" > 
FRM LGT. |-NO# Actual Pipe Length 


list conveyor pipe sizes commonly used by one major manufacturer for centrifugally 
cast and sand-cast pipe, respectively. Lengths are typically 18-ft (5.4-m) random 
length for centrifugally cast pipe, with shorter 1-ft (0.3-m) incremental lengths up 
to 12 ft (3.6 m) for sand-cast pipe. When capacity, economy, or system configuration 
permits, the pipe used may be a standard size and material, such as the use of NPS 
10 (DN 250), schedule 80, ASTM A36 carbon-steel pipe for long, straight runs of 
pneumatic conveyor line. 

The iron and chromium-iron alloys used for cast conveyor line and fittings are 
proprietary alloys specified by their similarity to ASTM alloy designations. 


DESIGN CRITERIA 


The design criteria for ash conveyor piping are based on several fundamental 
considerations. Ash is extremely abrasive, and consequently, ash conveyor piping is 
expected to wear. Whether conveying pneumatically or hydraulically, the conveying 
fluid must be induced into motion and imparted with sufficient energy to convey 
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the required quantity of ash for the required distance, in the required time. Wear 
is a function of velocity and material characteristics of both the pipe and ash. 
Accordingly, conveyor routing and sizing are key design criteria in any ash han- 
dling system. 


SYSTEM-SPECIFIC CONSIDERATIONS 


The following considerations must be clearly defined to design a specific ash han- 
dling system. 


Routing 


The arrangement of the conveyor from the ash pickup locations to the disposal 
point should be as direct and simple as possible. Every elbow adds significant 
pressure drop, which impacts the sizing of the prime mover, whether pump, mechani- 
cal exhauster, or blower. Elbows are high-wear points, as the ash impacts the 
fitting because of momentum and vorticity effects. Elbows, like any fitting, are also 
potential leak points. While leaking pressure in pneumatic and hydraulic systems will 
simply cause housekeeping problems, vacuum pneumatic systems are particularly 
sensitive to leaks which bleed air into the conveyor and dilute the airflow, causing 
lower velocity and its effects: reduced conveying capacity, ash fallout, and line 
pluggage. 

Routing in the vicinity of the ash pickup points should be as straight as possible 
to allow the ash time to reach conveying velocity before encountering changes in 
direction. This will minimize fallout and pluggage problems as well. 

Another consideration for routing is the maintainability of the conveyor line 
system. Valves, expansion joints, and fittings in particular are maintenance areas 
and will require regular access by personnel. Components are heavy and usually 
will require rigging lift devices to support steel for replacement. Adequate clearance 
for removal of wearbacks and fittings should also be provided. 


Required Conveying Capacity from Each Pickup Point 


The required ash-conveying capacity is fundamental to the conveyor system design. 
The boiler or furnace manufacturer determines the total ash production for the 
design fuels and the split of fly ash and bottom ash expected. 

Bottom ash and fly ash are usually conveyed through separate systems, with 
bottom ash handled hydraulically and fly ash pneumatically. Bottom ash may include 
slag falls and clinkers, but in general comprises larger particles than fly ash and 
falls to the bottom of the boiler because of its size and density. Water-impounded 
hoppers are traditionally employed for utility-size boilers to collect the bottom 
ash and quench and fracture it to a conveyable size. Additional sizing is usually 
accomplished with a crusher or grinder before admitting the bottom ash into a 
conveyor line. The ash typically shatters on contact with water at 140°F (60°C) or 
less, but crushers are used to make sure particles larger than about 20 percent of 
the inside diameter of the conveying pipe are reduced in size prior to conveying. 

Industrial-size boilers, stoker-fired boilers, and, where environmental factors 
dictate, utility boilers may use dry pneumatic conveying for bottom ash. Sizing is 
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critical in these systems as the ash is hot and may still be burning, and clinkers and 
large particles are common. Small boilers often require manual raking of the ash 
from the hopper through sizing grids, into the vacuum pneumatic system intake. 
Oversized chunks are forced through the grid, breaking them to conveyable size, 
manually transported to an intake with a crusher, or disposed of manually. Where 
water is scarce or treatment is expensive, economics may dictate a dry bottom ash 
system for a utility-size boiler. Manual raking and handling of large quantities of 
bottom ash are labor-intensive and dangerous, so automatic dry systems may be 
warranted. The crushers in these systems may be exposed to burning materials, 
and heat-resistant alloys and air cooling may be required to reduce the particles 
to conveyable size. The heat of the ash may be sufficient to deleteriously affect 
the heat treatment of conventional abrasion-resistant conveyor pipe and fittings, 
requiring the use of ceramics or unconventional piping systems. 

Boiler manufacturers also specify the rates of fly ash collection in the economizer 
hoppers and air heater hoppers. Precipitator, baghouse, or scrubber suppliers simi- 
larly know the collection efficiencies of their equipment and provide the collection 
rate information, even broken down by percentage of ash collected in each row of 
hoppers. Most of the fly ash will be collected in the baghouse or precipitator, the 
device designed for just that purpose. Locating the fly ash silo, the usual disposal 
point, as close to the precipitator or baghouse as possible minimizes the size of the 
blowers or exhausters required to convey the ash, and similarly minimizes support 
steel (conveyor diameter), power consumption (pressure drop), and maintenance 
(number of fittings). 

Ash handling system capacities are usually specified as an average-capacity, 
maximum conveying time per shift to convey all the ash produced or as a minimum 
average conveying rate. Here are two examples: 


* In 2 h, convey all the fly ash produced in an 8-h shift. The collection rates for 
economizer, air heater, and baghouse hoppers are provided. 


* Provide a 40 tons/h (44 Meteric t/h) vacuum pneumatic conveying system. 


Since each collection point is a different distance from the silo with different numbers 
of fittings and losses, the instantaneous capacity from each hopper will necessarily 
be different. The loading in each row of hoppers also varies considerably. The first 
row of a modern precipitator may collect as much as 90 percent of the fly ash 
collected by the entire precipitator. Specifying the average conveying capacity or 
minimum conveying time per shift allows the ash handling manufacturer to optimize 
the system design for the most efficient operation and power consumption. Guaran- 
tees should be based on this average capacity, which can be field-verified through 
capacity tests. If a minimum conveying capacity is specified, the ash handling supplier 
will design the pneumatic system based on the worst collection point in the system, 
usually the farthest hopper from the silo, allowing for pressure drop or the farthest 
hopper in the most heavily loaded precipitator row (first row). This will cause the 
average conveying capacity to be much greater than intended and the total conveying 
time to be much less. 


Ash and Ambient Temperatures and Pressure 


The temperature of ash when it enters the pneumatic conveying system has a 
significant impact on the pipe size and material selected, particularly in vacuum 
systems. Pneumatic designs are based on mass ratios of ash to air for conveying. 
The prime movers that drive the system are volumetric, usually positive displace- 
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ment blowers or vacuum exhausters. Since a vacuum exhauster moves a constant 
volume of air per time, measured at the inlet, heating of the air by introducing hot 
fly ash causes the airstream to expand, lowering the inlet mass and hence the 
conveying velocity. This is an important design consideration when the ash may be 
entering the conveyor line at 1000°F (556°C) higher than ambient. Fly ash can be 
as hot as 700°F (371°C) in a hot-side precipitator or economizer hopper. Bed 
ash—the bottom ash produced by a fluidized-bed combustor— may be 750°F (400°C) 
at the outlet of the cooling screws, or exceed 1000°F (538°C) if discharged directly 
to the conveyor. In these cases, the prime mover may be sized to pull air in sufficient 
quantity to cool the ash to adequately low temperature to avoid damage to collection 
equipment on the silo. On these hot systems, the conveyor pipe becomes an impor- 
tant cooling factor, and personnel protection is usually provided in the form of 
offset screening rather than insulating the conveyor line. As fly ash systems do not 
run continuously, thermal cycling of the pipe is also a consideration, and expansion 
joints are provided generally in every straight run of pipe. 

Ambient temperature and pressure play a related role in system design. Arctic 
or tropical ambient temperatures affect system sizing in a lesser but identical way, 
and plant elevation and corresponding atmospheric pressure affect the mass of air 
in a given volume and must be considered. 

The manufacturer of each fly ash collection device must identify the hopper 
movements expected from the cold to hot positions. The ash handling manufacturer 
will then select expansion joints and will design sufficient lateral movement in the 
conveyor lines to allow for these movements. 


Fuel and Fuel Analysis 


Different fuels produce ash with different characteristics which must be considered 
in conveyor system design, particularly in material selection. If bituminous coal ash 
from a pulverized coal boiler were considered a baseline for abrasivity, less abrasive 
ashes might include petroleum coke fly ash, wood fly ash, dry scrubber ash, municipal 
sludge fly ash, and oil soot. More abrasive ashes would include bottom ash from 
wood-fired units, anthracite ash, bagasse (sugar cane waste) ash, gob and culm ash, 
rice hull ash, and slag from cyclone-fired units. The comparison is general and not 
strict, as each fuel type may vary considerably in the constituents that produce 
abrasivity. Silicon is a common element to each of the highly abrasive ashes. Better 
than fuel analysis, if there has been a test burn or an ash analysis can be provided, 
this is obviously preferred because it eliminates the uncertainties about characteris- 
tics that will be imparted in the ash from the furnace. If samples of the ash are 
available, such as when building a duplicate unit, the major ash handling manufactur- 
ers have the ability to do their own testing to accurately determine the minimum 
velocity needed for ash pickup and to optimally size the system. 


Clean Air/Water Piping 


Clean air pipe is used in vacuum systems between the ash separating equipment 
and vacuum producer; in pressure systems, between the blower and first ash inlet 
into the conveyor; in dense-phase systems, to feed the pressure transport vessel; 
and in hydraulic systems, upstream of the ash inlet. 

For vacuum applications, schedule 10 spiral weld carbon-steel pipe is typically 
used. For other clean air or water piping, schedule 40 or 80 carbon steel as indicated 
by pressure conditions is used. 
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PIPING COMPONENTS AND MATERIALS FOR 
PIPE, FITTINGS, AND JOINTS 


Because ash handling-systems are standardized only within the design of each major 
manufacturer, there are no national or international component or material standard 
specifications. Individual suppliers may follow ASTM specifications for the alloys 
used in the manufacturing of the ash piping components, but even here, the specifi- 
cations for pipe typically resemble ASTM specifications but do not fall neatly within 
their recipe ranges. 


PIPE 


Typically, heavy wall gray cast-iron pipe, centrifugally cast, is utilized on long, 
straight runs for pneumatic systems. Sold under such trade names as Nuvaloy 
(UCC), Ashcolite (A-S-H), and Birchaloy (Beaumont Birch), this pipe is usually 
plain-end and supplied in 18-ft (5.4-m) random lengths. It can be supplied for 
field cutting or in factory-cut spool lengths. Variations include longer lengths or 
mechanical (bell-and-spigot) joints primarily for sluice lines. 

Also common in pneumatic fly ash conveying is the use of carbon-steel pipe, 
usually schedule 80. Since long, straight runs properly sized for velocity convey the 
ash primarily in the center of the pipe, there is little wear. A section of cast pipe 
approximately 10 pipe diameters long is always provided after a change in direction, 
as the turbulence after the fitting causes high abrasion. 

Chromium cast-iron alloys with trade names such as Durite (UCC) and Ashcolite 
A or B (A-S-H) are also used for pipe. Since this pipe is not centrifugally cast, it 
is provided in shorter sections as long as 12 ft (3.6 m). Older pneumatic systems 
used this pipe for negative-pressure bottom ash conveying, which requires higher 
velocities and is significantly more abrasive than fly ash; and some of these systems 
are still in service, though this is no longer the practice. 

Basalt-lined steel pipe is often used for bottom ash sluice systems where long 
life is demanded. Basalt is an igneous rock mined commercially in Europe and cast 
into annular sections assembled into carbon-steel shells. 

Other specialty pipes and fittings are used on occasion for special applications 
or experimentation and are listed in Table C14.3. Some typical system descriptions 


TABLE C14.3 Special Pipe Materials and Ash-Handling Applications 


Type of pipe Fly ash Bottom ash Dry 


Fiberglass-reinforced epoxy X 
Ceramic tile lined 

Ceramic bead impregnated 
Extruded fiberglass 
Rubber-lined steel 
Ceramic-lined steel 
Stainless steel 

AZS-lined steel 
Induction-hardened steel 


> xx 
xx» xx xx 

MOM pb bd | 
» x x 
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TABLE C14.4 Typical Pneumatic Fly Ash Systems 


Boiler System Conveying 
size Coal type type Conveying capacity distance Pipe size 
90MW Eastern Vacuum 14 tons/h (13 Mt/h) 400 ft (122 m) 8 in (200 mm) 
bituminous 
200MW Eastern Vacuum 20 tons/h (18 Mt/h) 500 ft (152 m) 6 in (150 mm) 
bituminous 
320MW Eastern Vacuum 50 tons/h (45 Mt/h) 550 ft (168 m) 7, 8, 9 in (175, 
bituminous 200, 225 mm) 
475 MW Eastern Pressure 35 tons/h (32 Mt/h) 400 ft (152 m) 10 in (250 mm) 
bituminous 
630MW Eastern Vacuum 39 tons/h (35 Mt/h) 600 ft (183 m) 9, 10 in (225, 
bituminous 250 mm) 


are referenced by boiler size, coal type, conveying capacity, conveying distance, 
and pipe size in Table C144. 


FITTINGS 


Fittings are typically made of chromium cast iron. These sand-cast components are 
heat-treated to hardnesses of 320 to 600 BHN. A complete range of elbows, tees, 
laterals, reducers, wedges, and special fittings are manufactured to allow for any 
conceivable piping geometry. Many fittings are available with replaceable wear- 
backs, which are of thicker section than the rest of the fitting and can be replaced 
repeatedly before the entire fitting wears out. Symmetric (rotatable) and two- 
piece wearbacks allow extension of the life of the wearback itself by permitting 
replacement of just the highest-wear area of the fitting. Replaceable wearback 
fittings have a considerable gasket area with leakage potential and should only 
be used on negative-pressure conveying systems. Representative tables of fittings 
available from a major supplier are provided for reference (Figs. C14.7 through 
C14.10). 


VALVES 


There are a wide variety of valve types used in ash handling piping applications. 
Typical valve applications in negative-pressure, dry ash handling include fly ash 
hopper isolation for intake maintenance, fly ash intake, branch-line air intake, 
branch-line isolation, vacuum exhauster isolation, vacuum breaking, equalizing, and 
vacuum relief applications. Positive-pressure systems include regulators, dome, and 
pressure relief valves as well. Sluice systems include high-pressure water supply, 
sluice line isolation, drain, and decant valves. Since most valving in ash-conveying 
systems is pneumatically operated, conventional solenoid valves are common with 
local test pushbuttons preferred. Descriptions of commonly used specialty valves 
follow. 
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FIGURE C14.7 Durite (UCC) fitting selection drawing, 1 of 4. 
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FIGURE C14.8 Durite (UCC) fitting selection drawing, 2 of 4. 
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FIGURE C14.9 Durite (UCC) fitting selection drawing, 3 of 4. 
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FIGURE C14.10 Durite (UCC) fitting selection drawing, 4 of 4. 
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FIGURE C14.11 Air intake photograph (UCC). 


Hopper Isolation. Typically, manual bolt-up gates, manual butterfly valves, or 
handwheel-operated knife gates are used to isolate a fly ash hopper for on-line 
maintenance of the ash conveying system. The bolt-up gates are the least expensive 
and require removal usually of four of the bolts on the typical NPS 8 (DN 200) or 
NPS 12 (DN 300) Class 150 flange on the hopper. The gate must then be hammered 
closed or open. Manually operated knife gates are common for this application, 
but care should be taken to specify the ash temperature for selection of seat and 
packing materials. Large heads of ash may make knife gate operation difficult, and 
manually operated butterfly valves have proved quite reliable in this service. Valves 
in this application are used infrequently, only for on-line service of downstream 
equipment. 


Air-Intake. At the end of each branch line in a negative-pressure conveying 
system, air must be introduced into the conveying line to establish mass flow. The 
air intake restricts the airflow into the conveyor line and controls vacuum. An 
adjustable spring-regulated check valve is preferred in this application, although 
some manufacturers use ball valves or just orifice plates (Fig. C14.11). In the event 
of a leaking fly ash intake, the check valve prevents spillage of the ash out the end 
of the branch line. 


FlyAsh-Intake. Fly ash intakes vary widely in design from one manufacturer to 
the next. While some horizontal slide gate styles are occasionally used, preferred 
is the swing gate design where the gate swings completely out of the flow of ash 
to open and closes against a replaceable sharp-edged seat (Fig. C14.12). Valves 
may be hand, air cylinder, or power chamber actuated with manual operators rarely 
used. Fly ash intakes should not regulate the flow of ash by throttling, but rather 
by opening and closing completely as often as required to minimize wear and leakage 
in this extremely abrasive application. Intakes are made of cast iron, chromium cast 
iron, fabricated steel, stainless steel, and ceramic-lined cast iron. The most common 
intakes consist of three sections: inlet hopper, valve assembly, and intake tee. The 
inlet hopper connects to the fly ash hopper or isolation valve and provides a 
transition to the intake valve assembly. The valve assembly includes the gate, seat, 
and operator, and it should be easily removable for service, as this is the primary 
wearing part of the intake. The intake tee is a tee in the conveyor branch line that 


ASH HANDLING PIPING SYSTEMS C.745 


Fly ash intake valves are air-powered operated 
for automatic remote control and dependable, 
trouble-free operation. This valve provides a 
transition from the collection hopper to the 
conveyor line and isolates the hopper from the 
line while the hopper is filling. The tight valve 
and seat assembly is designed to prevent 
leakage, which helps assure good system 
performance. The swing disc inside the valve 
rotates out of the ash flow path to minimize 
wear, while the seat provides positive shutoff. 
For high system capacities (above 45 tons 
per hour), gravity flow alone may not be 
sufficient to achieve the full capacity of the 
system. In this situation, a fluidized intake is 
used to assure high capacity flow of ash into 
the conveying line. 


FIGURE C14.12 Fly ash intake cutaway drawing. 


adapts to the intake valve assembly. It often contains a gasketed covered port called 
a handhole, which may be opened to remove obstructions in the valve assembly. 
Care must be taken when this operation is performed, as hot ash may be present. 
Variations on fly ash intakes include diffuser feeders, which incorporate air fluidizing 
media to permit high ash flow capacities. 

Branch-line isolation valves are usually cylinder-operated knife gates or cylinder 
or power chamber operated, totally enclosed, rotary slide gates (Fig. C14.13). Hand 
or chain operators are occasionally used on ash systems at small industrial plants. 
Knife gates are specially designed to seal against the pressure differential, depending 
on whether they are used on positive or negative pressure systems; i.e., they are 
unidirectional. Flow cones and liners of abrasion-resistant materials are options to 
be specified or recommended by the manufacturer. Also, the gate should be designed 
to self-purge the slide cavity so that ash does not become packed, preventing sealing. 
All branch-line gates should be totally enclosed to avoid spillage. Totally enclosed 
rotary slide gates include a slide that has a full pipe diameter hole in it for the 
open position. The gate cavity has a small orifice, which either allows atmospheric 
air to bleed in, purging the cavity of ash, or is connected to a source of compressed 
air to accomplish the same purpose in a positive-pressure system. Branch-line 
isolation gates typically require less than 4 in (100 mm) of pipe length for installation, 
but must be protected from pipe growth or weight due to thermal expansion or 
deadweight in risers, which may pinch and prevent proper operation. 

Sluice valves are designed with similar considerations. Knife gates are most 
common and typically have aluminum bodies with stainless-steel or elastomer liners 
and are usually cylinder-operated for branch-line isolation but may be handwheel- 
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FLOW THROUGH 
FULL ORIFICE DESIGN 


ROTARY SLIDE GATE 
FIGURE C14.13 Totally enclosed rotary slide gate drawing. 
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FIGURE C14.14 Knife gates for sluice service photograph (UCC). 


ASH HANDLING PIPING SYSTEMS C.747 


operated for maintenance isolation (Fig. C14.14). Slurry knife gates are available 
with standard designs rated to 300 psig (2070 kPa). Rotary slide gates are available 
rated to 100 psig (690 kPa). Balanced valves such as butterfly valves were also 
common but are rarely employed today. 

Most of the valves used in clean air or water applications are standard configura- 
tions of knife gates or butterfly valves with consideration given to high-tempera- 
ture requirements. 


COUPLINGS 


Couplings for ash piping take a variety of forms, again specific to the manufacturer 
and pipe and fitting material (Fig. C14.15). To connect plain-end cast-iron pipe, 
clamp-type couplings are sometimes employed that also serve as expansion joints. 
This method wears quickly and should be avoided. Preferred are gasketed clamp- 
on flanges, which are then bolted together normally. Fittings typically have plain- 
end, raised-bevel, or square flanges, and each manufacturer has a gasket and clamp- 
ing system to assemble them. Common are flange clamp halves or thirds which are 
held together by the through-bolts at the end of each clamp section. Sluice piping 
is similar except for the gasket materials. 
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FIGURE C14.15 Typical coupling drawing (UCC). 
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FIGURE C14.16 Cross section of bellows expansion joint (UCC). 
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FIGURE C14.17 Cross section of sleeve-type expansion joint (UCC). 
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EXPANSION JOINTS 


Expansion joints take several common forms in pneumatic ash-conveying piping. 
The bellows type, with a stainless-steel bellows to seal against atmospheric pressure 
and an internal cast-iron sleeve for abrasion resistance, is quite common and allows 
for several degrees of angular misalignment (Fig. C14.16). A gasketed, machined 
cast-iron expansion joint, as shown in Fig. C14.17, is also widely used. The use of 
Dresser-type couplings for expansion joints should never be permitted, as they are 
not designed for wear and will soon leak in service, creating housekeeping problems 
and reducing capacity. It should be remembered in designing pipe supports that 
every straight run of conveyor piping will need an expansion joint, and typically it 
requires 1000 Ib (454 kg) of axial force for every 1 in (25 mm) in diameter to actuate 
the expansion joint. 


PIPE SUPPORTS 


Pipe supports are of standard configurations, but nonstandard sizes because of the 
unusual outside diameters of ash piping. Most pneumatic conveyor lines will have 
one fixed support in each horizontal run with sliding (U-bolt) types of supports 
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FIGURE C14.18 Rigid pipe support. 
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10 9/16" 


PLAN SECTION A-A 


GUIDE TYPE 


FIGURE C14.19 Sliding pipe support. 


supplementary. Risers will have a fixed support at the bottom and allow expansion 
upward. Fixed supports are to be located on each side of branch-line isolation gates 
to prevent pinching. Some ash conveyor line in bottom ash service is installed on 
roller supports to allow for the large potential thermal expansion. Typical support 
configurations are shown in Figs. C14.18 through C1421. 


INSTRUMENTATION 


Because of the highly abrasive nature of ash, instrumentation is usually relegated 
to the clean portions of ash conveyor piping, i.e., upstream of the first ash intake 
point or downstream of separating equipment. Pressure and vacuum transmitters 
are used to control ash flow into pneumatic conveyor lines, and maximize capacity 
without plugging the line. Opacity and temperature are usually monitored upstream 
of vacuum exhausters to protect them from excessive ash in the case of broken 
bags in the separating equipment, or temperature excursions that could damage 
their precision components. Pressure taps are occasionally used in conveyor lines 
to help locate pluggage when it occurs. Valving typically employs limit switches to 
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FIGURE C14.20 Hanger in ash conveyor service. 


monitor system configuration from a remote control panel or cathode-ray tube 
(CRT) screen. 


FABRICATION AND 
INSTALLATION CONSIDERATIONS 


Ash conveyor piping usually uses bolted couplings except when carbon-steel pipe 
is utilized, which may be welded for straight sections. Even then, two bolted flange 
connections should be provided in every straight section of pipe to remove foreign 
objects that may be inadvertently introduced into the conveyor or to remove plug- 
gages. Contractors should be familiar with the gasketing systems and torque require- 
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ments of the couplings and fittings, which are provided by the ash-handling system 
manufacturers with the system installation instructions. Some gaskets require sili- 
cone or other gasket cements to be mixed and applied, and may require a cure 
time. Cast-iron conveyor pipe is extremely heavy and relatively brittle, and care 
must be taken accordingly during handling. Cast-iron pipe can be field-cut with an 
abrasive saw, but permanent welding to it is not advisable. Owners may prefer to 
have the conveyor line completely designed and shipped from the manufacturer as 
spool pieces, marked for specific assembly per installation drawings. 


EXAMINATION AND TESTING OF 
ASH HANDLING PIPING SYSTEMS 


Visual inspection for leaks is the normal mode of examination on a new system 
before start-up and during operation. Positive-pressure and sluice systems will be 
obvious when they leak. Leaks in vacuum systems can be detected by “walking 
down" the system while it is operating and listening for leaks. Any noticeable 
increase in required conveying time is an indication of wear or leakage. Smoke 
testing is also effective in finding leaks. Some users have employed commercially 
available ultrasonic thickness testers to measure internal wear on cast-iron and 
ceramic-lined ash conveying pipes. 


OPERATION AND MAINTENANCE 


While critical components may be replaced on a time schedule to improve system 
availability, ash conveyor lines can typically be patched or repaired temporarily 
until maintenance can be scheduled. Systems are usually designed to operate only 
one-half the time or less, to allow maintenance during the remaining period. Pneu- 
matic systems' condition can be monitored by use of a pressure strip chart recorder, 
and considerable specific detail about the conveyor condition can be learned from 
analysis of the charts, such as overall system condition, intake valve wear, and 
valve leakage. 

Ash conveyor systems are forgiving in the short term, but if sufficient leaks and 
wear occur, conveying capacity is quickly impaired. A leaky system has reduced 
capacity and must be run longer to empty the hoppers and convey all the ash. In 
the extreme case, the system will be run continuously, and a large amount of flue 
gas will be pulled from empty hoppers. In condensing in the conveyor and collecting 
equipment as sulfuric acid, corrosion becomes a significant factor in shortening 
service life. 

The useful life of sluice piping can be extended by periodically rotating the pipe 
one-quarter turn, since most of the abrasion occurs on the bottom of the pipe. With 
basalt-lined pipe, it may be possible to extend the life of the conveyor to the life 
of the plant, usually 30 years. 


EXPERIENCE FEEDBACK — PROBLEMS 
AND SOLUTIONS 


Problems with ash conveyor piping result from improper design or specification, 
fuel switching and hence ash changes after installation, unexpected high-wear areas, 
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or unacceptable maintenance levels. Whatever the reason, if unacceptable wear or 
failure is occurring, the options for remediation are repair in kind, reconfigure the 
problem area, or replace with different materials or equipment. A user finding one 
particular elbow to require too frequent replacement may install one of harder 
material, longer or shorter radius, or different design, such as with a replaceable 
wearback. 

The major ash-handling system manufacturers maintain staffs of field service 
engineers to examine the operation and condition of installed systems and to recom- 
mend improvements in components, operation, or maintenance procedures. Once 
the system has been in operation, it may be determined that a harder (and more 
expensive) material will provide a significantly longer life in a specific location, to 
justify its replacement. 


CHAPTER C15 


COMPRESSED AIR 
PIPING SYSTEMS 
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INTRODUCTION 


Compressed air is an often-used utility system found in facilities. It is used to do 
work by producing linear motion and actuation through a piston and cylinder or 
a diaphragm for air-actuated valves, doors, dampers, brakes, and so forth. Atomizing 
and spraying as well as providing the moving force for hard-to-pump fluids are 
other applications. Compressed air can be bubbled up to measure fluid levels, 
agitate liquids, and inhibit ice formation in bodies of water. Air circuits also satisfy 
complex problems in automatic control, starting/stopping, and modulation of valves 
in machines and processes. This chapter will discuss centrally distributed compressed 
air piping used in various types of facilities for light industrial and control purposes. 
Compressed gases for laboratories are discussed in Chap. C16. 


GENERAL 


Air is a fluid. The two types of fluids are liquids and gases. A gas has a weaker 
cohesive force holding its molecules together than does a liquid. Air is a mixture 
of gases, and its main components are oxygen and nitrogen, with many other gases 
in minor concentrations. Air is the standard from which specific gravity is calculated, 
and which can be found by dividing the molecular weight of the subject gas into 
the molecular weight of air (which is 29). 

The actual solid volume that the atomic structure of gas occupies in relation to 
the total volume of a gas molecule is quite small, so gases are mostly empty space. 
This is why gases can be compressed. Pressure is produced when molecules of a 
gas in an enclosed space rapidly strike the enclosing surfaces. If this gas is confined 
into a smaller and smaller volume, molecules strike the container walls more fre- 
quently, producing a greater pressure. 
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DEFINITIONS AND PRESSURE MEASUREMENTS 


Definition of Compressed Gases 


A compressed gas is any gas stored or distributed at a pressure greater than atmo- 
spheric. 


Definitions of Basic Compressed Air Processes 


An isobaric process takes place under constant pressure. 

An isochoric process takes place under constant volume. 

An isothermal process takes place under constant temperature. 

A polytropic process is a generalized expression for all of the three above 
processes when variations in pressure, temperature, or volume occur during the 
compression cycle. 

An adiabatic process of compression allows a gas to gain temperature. This is 
the most commonly used process in facility compressed-air production. 


Units of Measurement 


Pressure measurements are made using force acting upon an area. In metric (SI) 
units, the most common method of measuring pressure is in kilograms per square 
centimeter (kg/cm?) and kilopascals (kPa). In inch pound (IP) units, pressure is 
expressed as pounds per square inch (psi). For low-pressure measurements in IP 
units, inches of water column (in WC) is a commonly accepted standard. SI units 
use kPa. 


Standard Reference Points 


The two basic reference points for measuring pressure are standard atmospheric 
pressure and a perfect vacuum. When the point of reference is taken from standard 
atmospheric pressure to a specified higher pressure this is called gauge pressure. In 
SI units, this is expressed as either the preferred kPa or the lesser-used Bars. In 
IP units it is expressed as pounds per square inch (psi). If the reference pressure 
level is measured from barometric pressure, it is referred to as psi gauge pressure 
(psig). From a perfect vacuum, the term used is psi absolute pressure (psia). Refer 
to Fig. C15.1 for a graphical relationship between gauge and absolute pressure 
measurements. For the relationship between SI and IP units to theoretical standard 
barometric pressure at sea level, refer to Table C15.1. One note of caution: local 
barometric pressure, which is the prevailing pressure at any specific location, is 
variable and should not be confused with standard atmosphere, which is mean 
theoretical barometric pressure at sea level. 


Normal Air (SI Units) and Standard Air (IP Units) 


The terms standard air and normal air are interchangeable, and are a set of conditions 
intended to provide design professionals with a common reference that will allow 
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Any pressure above atmospheric 


Gauge pressure 


Atmospheric pressure level—variable 


gauge + barometic pressure 


Any pressure below atmospheric 


Barometric pressure 


Absolute pressure 


Absolute zero of pressure—perfect vacuum 


FIGURE C15.1 Standard reference points. 


comparison of various parameters of the air and air compressor performance. 
Standard and normal air conditions are not universal, and in fact are different for 
various disciplines. 

The most commonly used standard in the United States is that established by 
the Compressed Air and Gas Institute, having a relative humidity of 0.0 percent 
(dry), a temperature of 60°F (15.6°C), and a pressure of 14.7 psig (101.4 kPa). For 
the ASME Performance Test Code (PTC-9) and the chemical industry, standard 
air has a relative humidity of 36 percent, a temperature of 68°F (20°C), and a 
pressure of 14.7 psig (101.4 kPa). Some manufacturers use a relative humidity of 
36 percent, a temperature of 68°F (20°C), and a pressure of 14.2 psig (98 kPa) for 
performance test ratings. It is imperative that the conditions under which a com- 
pressor rating and flow rate are calculated by the manufacturer be obtained when 
selecting a compressor. 

All references in this chapter to standard air, unless specifically noted otherwise, 
shall mean those established by the Compressed Air and Gas Institute (0.0 percent 
relative humidity, 60°F [15.6°C] temperature, and 14.7 psig [101.4 kPa] pressure). 


TABLE C15.1 Relationship of Pressure in Various SI and IP Units to Theoretical 
Standard Barometric Pressure at Sea Level 
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Free Air 


Free air is air at ambient conditions at a specific location. The term free air is 
not complete unless the ambient temperature, moisture content, and barometric 
pressure conditions at the specific location are stated. To convert free air to com- 
pressed air equivalents at different pressures, refer to Fig. C152. 


Flow Rate Measurement 


The most common measurements of flow rate in SI units are cubic meters per 
minute (m?pm), liters per minute (lpm), and liters per second (l/s). IP units generally 
use cubic feet per minute (cfm). If the flow rate is low, cubic feet per hour (cfh) 


Multiplication factor to find number of 
cu. ft. of free air at O P.S.I. gage at 14.7 psi absolute 


(scfm) 


|. |] JILIIXTIIIIII 
0 HHHH 
20 40 60 80 100 120 140 160 180 200 
1cu. ft. air gage pressure (acfm) in PSIG 1 


To find the free air equivalent for 100 acfm of compressed air refer to the vertical line at 
100 psi, go up to the diagonal, then horizontal to the left, to find the multiplier of 8. 
Then, 100 x 8 = 800 scfm 


1. Multiply psig by 6.9 to obtain KPa 
2. Multiply scfm by 0.5 to obtain nl/s 


FIGURE C15.2 Ratio of compression-free air to compressed air. 
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is commonly used. It is mandatory that all equipment selection flow rate criteria 
be in the same units. 

In order for the flow rate measurement to have any validity, it must reference 
standard air conditions. For SI units, these reference terms are normal liters per 
second (nlps) and normal liters per minute (nlpm). Some manufacturers use normal 
cubic meters per minute (nm?m) or normal liters per minute (nlm). For IP units, 
standard cubic feet per second (scfs) and standard cubic feet per minute (scfm) are 
most commonly used. 


Actual Cubic Liters (feet) per Minute — aclm (acfm) 


Actual cubic liters per minute aclm (acfm) is a volume measurement of standard 
air after being compressed. The terms aclm and acfm are not complete unless the 
pressure is stated. 


PHYSICAL PROPERTIES OF AIR 


Because free air is less dense at higher elevations, air at the same pressure will 
occupy a greater volume at higher elevations. A correction factor must be used to 
determine the equivalent volume of air. Refer to Table C15.2 for the elevation 
correction factor. To use this table, multiply the volume of standard air at sea 
level by the correction factor to find the equivalent volume of standard air at the 
higher elevation. 


TABLE C15.2 Elevation Correction Factor 


Altitude, ft Meters Correction factor 


0 0 1.00 
1600 480 1.05 
3300 990 1.11 
5000 1500 1.17 
6600 1980 1.24 
8200 2460 1.31 
9900 2970 1.39 


Temperature is also a consideration. Because an equal volume of free air at a 
higher temperature will exert a higher pressure (or occupy a greater volume at the 
same pressure) than air at a lower temperature, a correction factor must be used 
to determine the equivalent volume of air at different temperatures. Refer to Table 
C15.3 for the temperature correction factor. To use this table, multiply the volume 
of standard air at 0 psig sea level by the correction factor to find the equivalent 
volume of standard air at the higher elevation. 

The volume relationship of air compressed to a higher pressure to that of free 
air can be found in Fig. C15.2. 
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TABLE C15.3 Temperature Correction Factor 


Temperature of Correction Temperature of Correction 
intake, ^F °C factor intake, °F "C factor 
—50 —46 0.773 40 4 0.943 
—40 —40 0.792 50 10 0.962 
—30 —34 0.811 60 18 0.981 
—20 —28 0.830 70 22 1.000 
—10 —23 0.849 80 27 1.019 
0 —18 0.867 90 32 1.038 
10 =o 0.886 100 38 1.057 
20 =5 0.905 110 43 1.076 
30 -1 0.925 120 49 1.095 


WATER VAPOR IN AIR 


Air contains varying amounts of water vapor depending on its temperature and 
pressure. When a given volume of free air is compressed, an increase in temperature 
generally occurs. Increased temperature results in an increased ability of air to 
retain moisture. An increase in pressure results in a decreased ability to hold water. 
With each 20°F (12°C) increase in temperature, the ability of air to accept water 
vapor doubles. Because of the high temperature given to air in a compressor during 
the compression cycle, no water will be precipitated inside the compressor, but it 


Moisture Content Of Saturated Air 
Temperature °C 


4 18 27 38 49 60 71 
70 


60 


(Grains/ft?) 


Moisture Content In Saturated Air 


40 60 80 100 120 140 160 
Temperature °F 
FIGURE C15.3 Moisture content of saturated air. 
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Dew point conversion chart 
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Dew point at atmospheric pressure, ?F. 
Note: 1 multiply pressure in psig by 6.9 to obtain kPa Courtesy-Hankison Corp. 


Dew point conversion: 
To obtain the dew point temperature expected if the gas were expanded to a lower pressure proceed as follows: 
1. Using "dew point at pressure", locate this temperature on scale at right hand side of chart. 
2. Read horizontally to intersection of curve corresponding to the operating pressure at which the gas was dried. 
3. From that point read vertically downward to curve corresponding to the expanded lower pressure. 
4. From that point read horizontally to scale on right hand side of chart to obtain dew point temperature at the 
expanded lower pressure. 
5. If dew point temperatures at atmospheric pressure are desired, after step 2 above read vertically downward to 
scale at bottom of chart which gives "Dew point at atmospheric pressure". 


FIGURE C15.4 Dew point conversion chart. 
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TABLE C15.4 Weight of Water Vapor in Air* 


Temp. RH% 

°C °F 10 20 30 40 50 60 70 80 90 
-1 30 3 5 7 9 12 14 17 19 21 

4 40 4 7 10 14 16 18 20 22 24 
10 50 6 10 14 20 26 32 38 42 48 
18 60 8 16 22 30 39 48 54 62 70 
22 70 11 21 34 44 55 66 78 88 100 
21 80 16 30 46 62 78 92 108 125 140 
32 90 21 42 65 85 108 128 158 173 195 
38 100 29 58 87 116 147 176 208 


* Grains of moisture/Ib of dry air and standard barometric pressure. 


will precipitate in the piping system after the cycle has been completed. There are 
various methods of expressing the amount of water vapor present. 


Relative Humidity 


Relative humidity is the amount of water vapor actually present in air, expressed 
as a percent of the amount capable of being present when the air is saturated. 
Relative humidity is dependent on both pressure and temperature. The moisture 
content of saturated air at atmospheric conditions is shown in Fig. C15.3. 


Dew Point 


The dew point is that temperature at which water in the air will start to condense 
on a surface and is the preferred method to express the dryness of compressed air. 
The dew point of compressed air is not affected by its temperature. The lower the 
dew point, the dryer the air. Since the dew point of air varies with the air pressure, 
it must be referred to as the pressure dew point. Fig. C15.4 is a conversion chart 
to convert from one pressure dew point to another. 

The relationship of dew point to weight of water per cubic meter (foot) of air 
at a constant temperature is about the same for all different pressures in the range 
common to facility compressed air systems. Refer to Table C15.4 for the weight of 
water vapor in air at different temperatures and relative humidity values. For a 
conversion table giving different methods expressing moisture content of air and 
their numerical values, refer to Table C15.5. 


IMPURITIES AND CONTAMINATION 


The level of protection from various impurities and contaminants in compressed- 
air systems depends upon the proposed use of the air. Performance criteria for 
each individual system must be determined prior to selection of any equipment, 
along with identification and quantifying of pollutants. There are four general classes 
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of contamination in compressed-air systems: (1) liquids (oil & water), (2) vapor 
(oil, water, and hydrocarbons), (3) gas, and (4) particulates. 


Liquids 


Water enters a system with the intake air, passes through the compressor as a 
vapor, and condenses afterwards into liquid droplets. Most liquid oil contamination 
originates at the intake location or in an oil-lubricated compressor. As liquid mole- 
cules are swept through the system at velocities approaching 4000 feet per minute, 
ft/min (1240 meters per minute, m/min) they gradually erode obstructions in their 
path by repeated collisions; when water settles on pipes, corrosion begins; at end 
use, it ruins machinery and tools, and causes product rejection and product contami- 
nation. At high temperatures, oils break down to form acids. With particulates, oil 
will form sludge. Oil can also act like water droplets and cause erosion. Liquid 
chemicals react with water and corrode surfaces. Water also allows microorganisms 
to grow. 


Vapor 


Oil, water, and chemical vapors enter the system in the same manner as liquids, 
and contribute to corrosion of surfaces in contact with the air. Oil vapor reacts 
with oxygen to form varnish buildup on surfaces. Various chemicals cause corrosion 
and are often toxic. 


Gas 


Gases such as carbon dioxide, sulfur dioxide and nitrogen compounds react with 
heat and water to form acids. 


Particulates 


Particulates enter the system from the air intake, originate in the compressor due 
to mechanical action, or are released from some air drying systems. These particles 
erode piping and valves or cause product contamination. However, the most harmful 
effect is clogged orifices or passages of tools and so forth at end-use points. These 
particulates include metal fines, carbon and Teflon particles, pollen, dust, rust, and 
scale. Organisms enter through the inlet and reproduce in a moist warm envi- 
ronment. 


Combating Contamination 
The following principles apply regarding contamination in compressed-air systems: 


1. There is no safe level of liquids in the air stream. They should be removed com- 
pletely. 


2. The level of acceptable water vapor varies with end-use requirements. A dew 
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TABLE C15.5a Moisture Content of Air* 
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Grains Grains Vol. 
Dew Dew moisture # Moisture moisture per 
point, °F point, °C Ib air Ib air cu/ft air PPM cent 
110 44 .0600 60,000 
400 25 9 
.0500 50,000 8 
7 
100 38 300 20 
.0400 40,000 
6 
15 
90 33 5 
.0300 
200 
4 
80 27 
150 .0200 10 20,000 
9 3 
70 22 8 
100 .0150 15,000 
90 7 2 
80 6 
60 18 
70 .0100 10,000 
60 .0090 9,000 1.5 
.0080 8,000 
50 10 
50 .0070 7,000 1 
40 .0060 3 6,000 9 
40 4 
T" 0050 5,000 $ 
.0040 2 4,000 6 
30 -1 
20 .0030 1.5 3,000 3 
A 
20 -5 
.0020 1 2,000 3 
10 8 
10 -9 
8 .0010 .6 1,000 2 
6 .0008 800 
0 —15 
.0006 4 600 A 
4 .08 
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TABLE C15.5b Moisture Content of Air 


Grains Grains Vol. 
Dew Dew moisture # Moisture moisture per 
point, ^F point, °C Ib Air Ib air cu/ft air PPM cent 
—10 —23 
.0004 400 .06 
2 2 
—20 —28 .04 
.0002 200 
—30 —34 1 aT 
8 .08 02 
6 .0001 .06 100 
—40 —40 .00008 80 
4 .00006 .04 60 .01 
.008 
—50 —46 .00004 40 
2 .02 .006 
.004 
—60 -52 
.00002 20 
Al .01 
.08 .008 .002 
—70 —58 .00001 10 
.06 .000008 .006 8 
.04 .000006 .004 6 .001 
—80 —67 .0008 
.000004 4 .0006 
.02 .002 .0004 
—90 —78 
.000002 2 
.01 .001 .0002 
—100 —86 .008 
.000001 .0008 1 


Source: Hankison Corp. 


point of —30°F (—34°C) is required to minimize corrosion in pipelines. For 
critical applications a dew point of —100°F (—73°C) may be required. Oil vapor 
remaining in the air should be as close to zero as practical. Chemical concentration 
should be reduced to zero, where practical. 


3. Gases in any quantity that are potentially harmful to the system or process 
requirements should be reduced to zero, or to a point that will cause no harm, 
depending on practical considerations. Condensable hydrocarbons should be 
removed as completely as practical. 


4. Particulate contamination must be reduced to a level low enough to minimize 
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end-use machine or tool clogging, cause product rejection or contaminate a 
process. These values must be established by the engineer and client, and will 
vary widely. The general range of particle size in a typical system are between 
10 to .01 u (10 in) in diameter. All organisms, living and dead, can be removed 
with a 0.20 micron absolute filter. 


When selecting appropriate and specific components for contaminant removal, 
there is nosingle type of equipment or device that can accomplish complete removal. 
Objective performance criteria must be used to determine the desired reduction 
level and the means to achieve such removal. Such criteria must include pressure 
drop, efficiency, dependability, service life, energy efficiency, and ease of mainte- 
nance. Contaminant removal will also be discussed under individual system compo- 
nents. 


AIR COMPRESSORS 


The purpose of an air compressor is to concentrate free air into a smaller volume, 
thereby increasing its pressure. There are two general categories of air compressors; 
the positive displacement and the dynamic types. Positive displacement compressors 
can be further separated into reciprocating and rotary machines. Typical reciprocat- 
ing compressors include piston and diaphragm types. Rotary compressors include 
sliding vane, liquid ring (or liquid piston), and screw types. The most widely used 
dynamic compressors are the centrifugal and axial flow types. 

The positive displacement compressor is essentially a constant volume, variable 
pressure machine capable of operating over a wide range of discharge pressures at 
a relatively constant capacity. Positive displacement compressors include sliding 
vane, liquid ring, and helical lobe compressors. 

Dynamic compressor characteristics are the opposite to those just described. 
Dynamic compressors operate over a relatively wide range of capacity at a relatively 
constant discharge pressure. 


Reciprocating Compressor 


A reciprocating compressor is a positive displacement machine. This is accomplished 
by a moving piston in a cylinder. When compression occurs on only one stroke it 
is called a single-acting cylinder, and when air is compressed on both strokes the 
machine is called a double-acting compressor. The cylinders can be horizontal, 
vertical, or angled. The cylinders can be sealed and lubricated with oil when traces 
of oil in the discharge air will cause no problems. Oil-free machines are also available 
at a higher cost. 


Sliding Vane Compressor 


Sliding vane compressors operate by utilizing vanes mounted eccentrically in a 
cylindrical rotor which are free to slide in and out of slots. As the rotor turns, 
the space between the compressor casing and the vanes decreases, and the air 
is compressed. 

The best application is for use where small, low-capacity compressors are re- 
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quired, generally in the range of 100 cfm and up to 75 psi (2830 lpm and up to 
518 kPa). 


Liquid Ring Compressor 


Liquid ring compressors, sometimes referred to as liquid piston, are rotary positive 
displacement units that use a fixed blade rotor in an elliptical casing. The casing is 
partially filled with liquid. As the rotor turns, the blades set the liquid in motion. 
As they rotate, the blades extend deeper into the liquid ring, compressing the 
trapped air. 

The resulting air is completely oil-free. This type of compressor will also handle 
wet, corrosive, or explosive gases. This unit is well-suited for hospital and laboratory 
use, with a practical limitation of 100 psi (690 kPa). 


Straight Lobe Compressor 


Straight lobe compressors function in a manner similar to a gear pump. A pair of 
identical rotors, each with lobes shaped like the figure 8 in cross section, are mounted 
inside a casing. As they rotate, air is trapped between the impeller lobes and pump 
casing, carrying it around without compression. 


Rotary Screw Compressor 


Rotary screw compressors use a pair of close-clearance helical lobe rotors turning 
in unison. As air enters the inlet, the rotation of the rotors causes the cavity in 
which air is trapped to become smaller and smaller, increasing pressure. The air 
reaches the end of the screw at high pressure and flows out smoothly at the dis- 
charge port. 


Centrifugal Compressor 


Centrifugal compressors are dynamic machines that utilize impellers to impact 
kinetic energy to the air stream by centrifugal action. The velocity of the air is 
increased as it passes through each impeller. A diffuse section decelerates the high- 
velocity, air, converting the kinetic energy into potential energy. The volute increases 
the pressure further and directs the air into the discharge piping. 

Centrifugal compressors typically produce large volumes of air at relatively low 
pressures. Higher pressures can be attained by additional stages with intercooling 
between stages. 


AFTER COOLERS 


An aftercooler is a device used to lower the temperature of compressed air immedi- 
ately after the compression process. A secondary function, due to the lower tem- 
perature, is to remove moisture that would otherwise condense elsewhere in the 
system as the air cools to ambient conditions. The unit is installed as close to the 
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compressor discharge as practical. An aftercooler is also useful to first precondition 
air where additional conditioning is necessary. There are three general types of 
aftercoolers: 


1. Water-cooled 
2. Air-cooled 


3. Refrigerant cooled 


If a facility has a plentiful supply of reusable and/or recirculated cooling water, 
the first choice would be a water-cooled aftercooler. These units are selected on 
the basis of maximum inlet compressed air temperature, highest temperature and 
quantity of cooling water available, desired outlet compressed air temperature, and 
maximum flow in cfm of compressed air. Typical cooling capacity will bring the 
compressed air to within 10 to 15°F (6 to 9°C) of the water temperature used for 
cooling. This figure is often called the approach temperature because of how close 
the temperature of the compressed air comes to, or approaches, the temperature 
of the cooling medium. 

A refrigerant type of aftercooler is rarely used. If, due to job conditions, one is 
required, consult manufacturer's literature for applications. Used for this purpose, 
a refrigerated aftercooler will follow the same principles for air dryers, which will 
be discussed later in this chapter. 

Since large amounts of water are usually removed from the air in an aftercooler, 
a moisture separator is often provided. The separator could be either an integral 
part of the aftercooler or a separate unit. A typical aftercooler and separator are 
illustrated in Fig. C15.5. 


outlet 
Warmer water outlet 


Moisture 
Separator 


Cold water 
inlet 


Hot, wet air 
inlet 


to drain 


FIGURE C15.5  Aftercooler and moisture separator. 
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COMPRESSED AIR RECEIVERS 


The primary purpose of a receiver is to store air. A secondary purpose is to even 
out pulsations from a compressor. The determination as to the need for a receiver 
is always based on the type of regulation the system will use. If the compressor 
runs 100 percent of the time and has constant blow-off, an air receiver will not 
be required. 

For most applications, an air compressor is regulated by starting and stopping, 
with a receiver used to store air and prevent the compressor from cycling too often. 
Generally accepted practice for reciprocating compressors is to limit starts to about 
10 per hour, with a maximum running time of 70 percent Centrifugal, screw, and 
sliding vane compressors are best run 100 percent of the time. 

An air receiver serves the following purposes: 


1. Storage of air 
2. Equalize pressure variations (pulsations) 
3. Collects residual condensate 


Piping connections should be made in such a way that the incoming air is forced 
to circulate and mix with the air already inside the tank before being discharged. 
Receivers should be designed in accordance with Section VIIL, Pressure Vessels 
Division 1, of the ASME Boiler and Pressure Vessel Code. An automatic drain 
valve is required for the receiver. Manufacturers have standard receiver sizes, 
measured in gallons of water capacity. 

There is no generally accepted method of sizing receivers. They should be sized 
on the basis of system demand and compressor size, using the starts per hour and 
running time best-suited for the project. The design engineer must keep in mind 
that the compressor will operate to satisfy the pressure switch rather than the use 
of air, and the receiver is an integral part of the system that must function in 
respect to load conditions, amount of storage, and pressure differential. Often, the 
manufacturer has a standard size receiver for specific compressor models. An often- 
used formula to find the receiver size is: 


V x (P1— P2 
pete ES) 


(C15.1) 
C x Pa 
where T = time receiver will go from the upper to lower pressure limits, min 
V = volume of tank, ft 
P1 = maximum tank pressure, psia 
C — free air needed, scfm 
Pa — atmosphere pressure, psia 
P2 = Minimum tank absolute pressure, psia 


COMPRESSED AIR DRYERS 


Large volumes of water consisting of larger droplets are removed from compressed- 
air systems by a moisture separator. If additional reduction of water vapor content 
is desired, it must be accomplished by the use of an air dryer. There are five general 
methods of drying compressed air: (1) high pressurization of the compressed air, 
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(2) refrigeration (condensation), (3) absorption, (4) adsorption, and (5) heat of com- 
pression. 


High Pressurization Dryer 


High pressurization reduces water vapor by compressing air to greater pressures 
than that required for actual use. When pressure is increased, it decreases the ability 
of air to hold moisture. Since pressurization requires large amounts of energy, this 
process is rarely used. 


Typical refrigerated dryer 


Air out 


separator 


LA 


Condensate to drain 


Major components 

of the refrigerated air dryer 
1. Refrigeration compressor: A hermetically sealed motor 
driven compressor operates continuously. It generates a high 
pressure refrigerant gas. 
2. Hot gas condenser: The high pressure refrigerant gas 
enters an air cooled condenser where it is partially cooled by 
a continuously running fan. 
3. Automatic expansion valve: The high pressure liquid 
enters an automatic expansion valve where it thermo- 
dynamically changes to a subcooled low pressure liquid. 
4. Heat exchanger: A system of coils where dry air is pro- 
duced. 


FIGURE C15.6 Typical refrigerated dryer. (Courtesy Arrow Pneumatics.) 
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Refrigeration (Condensation) Dryer 


Commonly called a refrigerated air dryer, the condensation-type dryer utilizes the 
principle of lowering the temperature of the airstream through a heat exchanger, 
producing a lower dew point. The lower dew point reduces the capacity of air to 
retain moisture. Moisture condenses out of the air onto the coils of the dryer, and 
then drains out of the unit by gravity. The cooling medium in the coil could be 
water, brine, or a refrigerant. The most common type uses a refrigerant. A schematic 
diagram of a refrigerated air dryer is shown in Fig. C15.6. 

To be most effective, a refrigerated dryer requires operation within a narrow 
range of temperature, pressure, and flow rate. All cycling refrigerated air dryer 
ratings and capacity are based on National Fluid Power Association manual T/3.27.2 
(Recommended Practice for Refrigerated Air Dryers), with saturated entering inlet 
air at 100°F (38°C) and 100 psig (690 kPa), with 100°F (38°C) ambient temperature. 
At these standard conditions, the dryer must be capable of producing outlet air 
with a dew point in a range of between 33° to 39°F (0° to 5°C) and a pressure drop 
of 5 psig (34 kPa), or less. For correction factors when selecting a unit based on 
other factors, refer to Table C15.6. To select a refrigerated dryer based on pressure 
drop and rated flow, refer to Fig. C15.7, entering with the actual pressure of the 
compressed air and an allowable pressure drop through the unit. 

The advantages of refrigerated air dryers are that they have a low operating 
cost and do not introduce impurities into the airstream. The greatest limitation is 
that they cannot practically produce a pressure dew point lower than 35°F, (2°C); 
otherwise the condensed moisture would freeze on the coils. For practical purposes, 
a figure of between 37° to 40°F (3° to 4°C) is generally used. In some cases, reheating 
of the dried air may be necessary because the low air temperature may produce 
condensation on the discharge pipe exterior. General operating cost is moderate. 
An adjacent floor drain is necessary to remove condensate. Initial cost is moderate. 


Absorption Dryer 


Also known as deliquescent dryers, absorption dryers use either solid or liquid 
medium, and operate on the principle of having the airstream pass through or over 


TABLE C15.6 Correction Factors for Refrigerated Air Dryers 


Inlet air pressure Inlet air temperature Ambient air temperature 


Pressure Correction Temperature Correction Temperature Correction 
psig* factor °F/°C factor ?F/C factor 


50 1.19 80/27 .66 80/27 92 


75 1.06 90/32 82 90/32 95 


1.00 100/38 100/38 


95 110/43 110/43 


94 


92 120/49 ; 120/49 


* Multiply psig by 6.9 to obtain kPa. 
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Capacity of refrigerated air dryers 
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FIGURE C15.7 Capacity of refrigerated air dryers. 


a deliquescent medium. This medium changes state (or dissolves) in the presence 
of water. The resulting solvent is then drained away, removing the water and 
reducing the amount of material available for absorption. Solid absorbers are much 
more common than liquid. The advantage of this type of dryer is that it requires 
no outside source of power or connection to any other system. Only a floor drain 
is required to drain off the moisture. A deliquescent dryer using a solid medium 
is illustrated in Fig. C15.8. 

The deliquescent dryer is the least efficient method of drying compressed air, 
but it requires no power to operate, and the initial cost is the lowest of any type 
of dryer. It has a moderate operating cost, since only the drying medium must be 
replenished at regular intervals. This type of dryer loses efficiency if the inlet air 
temperature is over 100°F (38°C), and so an efficient aftercooler is mandatory. The 
type of deliquescent material used will effect the quality of air. Salt-type deliquescent 
dryers normally reduce dew points about 12° to 20°F (7° to 12°C), while potassium 
carbonate will lower the dew point about 30°F (18°C). A filter is necessary after 
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FIGURE C15.8 Solid-type deliquescent dryer. 


the dryer to prevent any drying medium carryover (fines) from entering the pip- 
ing system. 


Adsorption Dryer 


Adsorption dryers, also known as desiccant dryers, use a porous, nonconsumable 
material that causes water vapor to condense as a very thin film on the material's 
surface. This material is called a desiccant. There is no chemical interaction, and 
the adsorption process is reversible. Desiccant dryers will produce the lowest pres- 
sure dew points, often as low as —100°F (—73°C). A typical twin-tower desiccant 
dryer is illustrated in Fig. C15.9. 

The method of regeneration is the primary way of distinguishing between types 
of desiccant dryers. The two general types of regeneration method are duplex 
bed pressure swing (heatless) dryers and heat-activated (internal-or external-type 
heaters). Pressure swing types use approximately 15 percent of the compressor 
capacity to dry one bed while the other is operating. The addition of heat reduces 
the amount of purge air necessary. 

Desiccant materials include silica gel, activated alumina, and aluminosilicate 
(molecular sieve). Each material also has application for removal of specific impuri- 
ties other than water. Desiccant materials will age in use over a period of years, 
which may affect capacity. In addition, care must be taken to avoid contamination 
of the material by impurities in the air stream, particularly oils. An aftercooler is 
usually recommended for most dryer installations because it is an economical way 
to reduce the moisture content of air, and should be selected in conjunction with 
the dryer. 

The twin-tower (pressure swing) desiccant dryer will produce the lowest dew 
points. They are the highest in initial cost and the highest in operating cost. The 
pressure-swing purge is the fastest, but it uses about 15 percent of system air for 
purging. Too high an incoming air temperature is detrimental to the desiccant 
material. An aftercooler is usually recommended for most desiccant dryer installa- 
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FIGURE C15.9 Pressure swing twin-tower desiccant dryer. 


tions because it is an economical way to reduce the moisture content of air, and 
should be selected in conjuction with the dryer. 


Heat of Compression Dryer 


This type of dryer also uses a desiccant to adsorb the moisture in the compressed 
air stream. The material is housed in a rotating shell that uses the hot air directly 
discharged from the compressor before it goes into the aftercooler. The desiccant 
material in one portion of the drum is regenerated while the air stream from the 
compressor is dried in the other portion. The difference between this and the 
pressure-swing type is that for continuous duty the pressure swing regenerates one 
whole bed at once, requiring a second bed to dry the air stream. The heat of 
compression dryer has only one bed that rotates and regenerates a portion of the 
desiccant material on a continuous basis, leaving the remainder of the bed to dry 
the air also on a continuous basis. The air used to regenerate the desiccant is then 
returned into the main air stream. There are no regeneration air losses or electric 
heaters used. This dryer could be cooled by a fan (air cooled) or water cooled. 
Units that are cooled with ambient air at 95°F (35°C) often give a compressed air 
pressure dew point of —10°F (—23°C). 


SLLS 


TABLE C15.7 General Performance of Different Types of Air Dryers 


Inlet air capacity at 100°F (38°C) 


Outlet air at 100°F ambient (38°C) 


Flow, Press? Max. Moisture, ^ Pressure? Moisure, Power 
Dryer type scfm! psig temp. °F % RH psig °F pdp Cooling required Prefilter Afterfilter Installation 
Deliquescent 5-30,000 100 100 Saturated 95 80 None None (requires Recommended Required* Indoor 
38°C (27°C) replenishment of and 
drying medium) outdoor 
Refrigerated 5-25,000+ 100 130 Saturated 95 35 to 50 Air at 100°F (38°C) Electrical Recommended Not required Indoor 
(2 to 10°C) or water at 
85°F 
(30°C) 
Desiccant, 1-20,000 100 120 Saturated 95 —40 to None Electrical + 796 Required§ Recommended Indoor 
regenerative —100 purge air, steam + and 
(—40 to 7% purge air, or dry air outdoor 
—86°C) (15 to 35% of system 


capacity) 


* Some deliquescent dryers have built-in afterfilters. Do not add an additional filter (energy consumer) to the system if unnecessary. 
+ Higher flow rates will not damage, but air quality is reduced and pressure drop incresed. Not sensitive to oil and particulate. 
t The thermal refrigeration type of refrigeration dryer is the only one that does not run continuously. A thermostatically controlled 


switch turns the refrigeration unit on as needed. 


! Multiply scfm by 0.5 to obtain nl/s. 
? Multiply pressure in psig by 6.9 to obtain kPa. 


PDP = pressure dew point. 
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The heat of compression dryer does not require additional compressor capacity. 
It does require an electrical supply for a fan that is used for additional cooling. 


Dryer Selection Considerations 


The single most important requirement in the dryer selection process is to determine 
the lowest pressure dew point required for the intended application. This may 
eliminate some types of dryers. An excessive flow rate may eliminate other dryer 
types. The economics of initial and operating costs between various units will also 
be determining factor. Space conditions should also be considered. When different 
degrees of dryness are required in a facility, it is more economical to use a point- 
of-use dryer at the specific location rather than to dry the air used by the entire 
facility to the lower figure. 

The following information shall be obtained or calculated in order to select 
a dryer. 


1. Determine the lowest required pressure dew point. This information is usually 
supplied by the facility based on the equipment that will be used. 


2. Obtain from the compressor manufacturer the temperature of the air at the inlet 
of the dryer. 


. Determine maximum system pressure. 
. Determine maximum flow rate for the system. 
. Determine whether electrical power is available where the dryer is to be installed. 


. Refer to a manufacturers catalog to select the required dryer capable of meeting 
these requirements. Consideration should be given to initial and operating costs. 


A comparison of the general performance for different types of dryers is given 
in Table C15.7. 


FILTERS AND SEPARATORS 


The purpose of any filter or separator is to reduce or remove impurities or contami- 
nants, other than water vapor, in the airstream to an acceptable or predetermined 
level. Filters operate by having the air stream pass through a porous, granular, or 
other type of medium. A separator is generally a passive mechanical device that 
removes large particles of a liquid, such as water and oil. 


Filter Nomenclature 


Filter nomenclature has been developed based on the individual type of filter 
medium and generally where it is placed in a compressed air system. Inlet filters, 
prefilters, afterfilters, and point-of-use filters are some examples. Generally speak- 
ing, nothing prevents any kind of filter from being used for any application, provided 
that the required reduction of contaminants is achieved and it is suitable for the 
intended purpose. Following is a brief discussion in general terms of various types 
of filters. 
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Inlet filters of some type are required for every installation to protect the com- 
pressor from damage. They remove large amounts of contaminants at the inlet to 
the air compressor. These filters are integral in compressors that draw air from the 
room they are installed in, and separate units for compressors that take air from 
the outside. 

Prefilters are generally used before air enters a dryers, to remove various contami- 
nants that might foul the unit. These filters are usually of the coalescing type so as 
to remove particulates and vapors such as oil, hydrocarbons, and water. When 
combined with separators at this point, these filters may be called separator/filters. 

Afterfilters are generally used after the drying process to remove smaller particu- 
lates than those handled by a prefilter. Some dryers produce a very-small-diameter 
dust (fines) that must be removed from the airstream. These filters remove particu- 
lates only. 

Point-of-use filters are generally used immediately prior to any individual tool 
or piece of equipment that requires removal of particulates of a smaller size than 
an after-filter. 

Oil removal filters are special filters used only for removal of unwanted amount 
of oil aerosols too small to be removed by coalescing. 

Activated carbon filters are used to remove gaseous oil and other hydrocarbons 
as well as particulates too small to be removed by coalescing. 

Separators are a type of filter used to remove large quantities of liquid water 
or oil, individually or in combination with each other, from the air stream. Oil and 
water often form an emulsion inside the compressor and are discharged together. 


CONTAMINATION REMOVAL 


Contaminants are removed from compressed-air systems by (1) mechanical separa- 
tion (interception), (2) coalescence, (3) adsorption, or (4) a combination of all 
these principles. 


Mechanical Separation 


Mechanical separation, often referred to as a depth or membrane-type filter, is used 
to remove solid particles from the airstream. The filter element is a thick material 
or a thin sheet or membrane whose passages are smaller than the particles to be 
retained. Dirt, scale, dust, and other solid particles are intercepted and held in the 
matrix of the filter element. 


Coalescing 


Coalescing filters are used to remove aerosols from the airstream. This is accom- 
plished by impingement of the small-diameter aerosols onto a passive portion of 
the device that causes them to randomly collide and merge into larger droplet that 
drain from the filter by gravity. 
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Adsorption 


Adsorption is used to remove vapors from the airstream by causing the contaminant 
molecules to be trapped into the small pores of the filter medium. To be effective 
this medium should have a very high surface-to-volume ratio. 


Combination Filters 


Combination filters use two or more filtration principals in a single unit. Manufactur- 
ers should be consulted to obtain the most effective combinations to remove spe- 
cific contaminants. 


Specialized Filters 


Intake Air Filters. | Intake air filters are required for every installation to protect 
the compressor from damage. A properly selected air filter will return dividends 
in the form of reduced wear and maintenance by assuring that sufficiently clean 
air is supplied to the compressor. 

Intake air can be taken from either the outside or from the room where the 
compressor is installed. The air must be clean and free of foreign matter such as 
leaves or insects, solid and gaseous impurities, and abrasive dust particles. In addi- 
tion, the air should be as cold as possible in order to increase compressor efficiency. 
In certain urban locations and industrial applications, air is often contaminated 
with corrosive and acid gases, which might damage the compressor. Unusual volumes 
of any objectionable contaminant gas in vapor or aerosol form must be considered. 
Filters should have the following characteristics: 


1. High efficiency. The filter should remove large amounts of particulates from 
intake air and allow them to accumulate on the filter elements while keeping a 
low pressure drop. 


2. Large storage capacity of particulates before requiring replacement due to re- 
duced flow of intake air. 


3. Low resistance to flow of intake air. 


4. Mechanically and structurally sound. Filters must be capable of withstanding 
any possible air pressure surge as well as resistance to physical damage. 


Filters for intake air fall into the following general categories: 


1. Paper filters. These are dry and disposable, consisting of corrugated paper, usually 
impregnated by some material to improve performance. Filter efficiency is high 
with low pressure drop when new. Paper filters are not recommended for inlet 
air temperatures greater than 150°F (64°C) or where strong air pulsations may 
occur (as with some piston compressors). They are recommended for air compres- 
sors of any capacity. 


2. Felt Filters. These are dry, reusable, pleated felt elements, often reinforced with 
wire screens. These filters have a large particulate capacity. They are cleaned 
by using compressed air or by washing, as per manufacturers' instructions. Rec- 
ommended for oil-free air and other compressors of any capacity. 


3. Oil-wetted labyrinth filters. These are reusable, of metal construction, and use 
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the principle of separating particulates by rapid changes of direction, causing 
particles to adhere on surfaces wet by a film of oil. These filters require careful 
maintenance to ensure that the oil surface neither drys out nor becomes saturated. 
Recommended for small-capacity units of up to about 100 cfm (2.9 cmm) and 
where large amounts of particulates are present at inlet. 


4. Oil bath filters. These filters are reusable, with an improved type of wetted 
labyrinth, using a surface of liquid oil to trap particulates. This filter has large 
capacity of particulates, usually equal to the weight of oil in the filter. Careful 
maintenance is required to regularly change the oil. If an unloader is used on 
the air compressor, there is a potential for the oil to be blown out of the filter. 
These filters are recommended where large amounts of particulates are present 
at inlet. 


For most installations, the design engineer would select the inlet location, and 
investigate known and potential pollutants based on the intended use of the air. 
This is ideally obtained from many tests of air at the proposed intake location taken 
over several months spanning the different seasons and at different times of the 
day. This is rarely possible. In some urban areas, tests have already been taken by 
some authority such as the state or federal Environmental Protection Agency (EPA) 
or a health department. In actual practice, during the design phase of a project, 
tests could be taken and analyzed if required. Then the purity of air for final use 
should be determined. With this criteria, the inlet filter, based on the type of 
compressor used, can be selected. manufacturers, with a knowledge of their own 
product line, should be consulted to recommend filter types capable of meeting the 
established criteria. Refer to Table C15.8 for typical inlet air filter characteristics. 

For outdoor installations, provide a weatherproof rain cap and an insect screen 
around and over the actual inlet. Do not locate close to any exhausts or vent pipes. 


TABLE C15.8 Inlet Air Filter Characteristics 


Filtration Maximum drop 
efficiency | Particle when clean Comments 
Filter type —% size wm —in. H,O (see key) 


Dry 100 3-8 (1) 
99 75-200 Pa 
98 


Viscous 100 Y4-2 (2) (3) 
impingement 95 6-50 Pa 
(oil-wetted) 


Oil bath 6-10 = nominal (150-250 Pa) | (2) (3) (4) 
2 = low drop 50 Pa 


Dry with si- 5 (125 Pa) 
lencer 7 (175 Pa) 


(1) Recommended for non-lubricated compressors and for rotary vane compressors in a high dust 
environment. (2) Not recommended for dusty areas or for non-lubricated compressors. (3) Performance 
requires that oil is suitable for both warm and cold weather operation. (4) Recommended for rotary vane 
compressors in normal service. 
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The inlet should be mounted no less than 3 ft (1 m) above roof or ground level, 
or above possible snow level. 


Separators. Separators are a type of filter used to remove large quantities of liquid 
water or oil, individually or in combination with each other, from the air stream. 
Oil and water often form an emulsion inside the compressor and are discharged 
together. The purpose of an oil separator is to remove oil present in the air stream, 
regardless of the quantity or form (drops, aerosol, or vapor). An oil separator can 
be selected to obtain any degree of removal. Separators can be combined with 
integral air filters to increase the efficiency of the combined unit. They can also be 
provided with integral drain traps. If not, a separate drain trap shall be provided. 
Oil and moisture separators should never be considered similar types of units, as 
their functions are quite different. 

There are two general types of separators: passive and active. The passive type 
uses no moving parts and depends on the impaction of the liquid on internal surfaces, 
along with coalescence, for its effectiveness. Active units use moving internal parts 
(often centrifugal action) to remove liquid drops. 

Since suspended liquids are present in air leaving the aftercooler or compressor, 
the best location to prevent the liquids from entering the piping network is at 
that point. 


Filter Selection 


Just as the degree of contamination in compressed air varies, so do the requirements 
for purity of the system and at various points of use. These requirements must be 
established prior to the selection of filters in the system. 

Filters should be selected by their ability to meet established design criteria. 
The manufacturer, who is the most knowledgeable about specific conditions, should 
be consulted as part of the selection process. The following items must be considered: 


1. Maximum flow rate expected 

2. Desired pressure drop across filter 
Temperature of air stream 
Contaminants to be removed (requirement for filter type and housing material) 
Pressure rating 


3. 
4. 
5. 
6. Is drain trap required? (automatic type preferable) 
7. Is a sampling port required? 

8. 


Filter efficiency 


Filter Selection Procedure 


1. Calculate the maximum flow rate of air expected. This figure should be in the 
same units as the manufacturer's rating units, usually in scfm. 


2. Determine the lowest pressure that the filter can be expected to operate with 
during operation. This pressure must be used in conjunction with the pressure 
lost in other system equipment. 


3. Based on the filter's position in the system, determine what the contaminant or 
contaminants to be removed will be. 
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4. Determine the maximum pressure drop across the filter. Manufacturers often 
use such values as “wetted pressure drop" and “‘dry pressure drop" that do not 
take into consideration dirty elements. The average pressure drop ranges between 
6 and 10 psig (41 to 69 kPa). 


5. Determine whether monitoring of the filter element for replacement (such as 
watching for a color change) be required. 


6. Select the appropriate filter from a manufacturer's catalog. 


The two most important factors to consider when selecting a filter are effective- 
ness and pressure drop. Do not specify a filter that will produce cleaner air than 
actually necessary. If one station or process requires a purity much higher than all 
other points, use a point-of-use filter for only that area and a less restricted filter 
for the main supply. It is possible for a filter to have the largest pressure drop of 
any equipment in the system. In general, a filter will produce a 3 to 10 psig (21 to 
69 kPa) pressure drop when dirty. If the actual figure proves to be too high, it 
would be a good idea to oversize the filter to cut down the pressure drop, or to 
use two filters in parallel. In most cases, it would be more economical to pay the 
added initial cost of a larger or second filter than to increase energy requirements 
to compress air to a higher pressure for the life of the system. 


SILENCERS 


With today's emphasis on noise control, the installation of an intake silencer will 
probably be necessary for most projects. There are two types of silencers: reactive 
and absorptive. The reactive type is used to attenuate (reduce) low-frequency sound 
in the order of 500 cycles per second (cps), which is most often found on reciprocating 
compressors. The absorptive type is often used on centrifugal and screw type com- 
pressors, where frequencies are above 500 cps. There is no practical limit in cfm 
for either type. 

The selection of a silencer should be made in conjunction with the manufacturer. 
In order to accomplish this, it will be necessary for the engineer to determine two 
things: (1) the sound power level of the compressor (which data must be obtained 
from the compressor manufacturer) and (2) the highest level of sound permitted 
by the Occupational Safety and Health Administration (OSHA), local authorities, 
or facility personnel. With the establishment of this design criteria, selection of a 
silencer can be made if the final level of sound desired is included in the specifica- 
tions. This will allow the various manufacturers to suggest the correct silencer for 
that purpose, for final acceptance by the engineer. 

Silencers may be combined with the inlet filter for a more economical installation. 
They could also be mounted directly on the compressor or at the roof level as 
separate units. 


COMPRESSOR REGULATION 


If the total system demand for both air pressure and volume exactly matched the 
compressor output for as long as the compressor is operating, no regulation would 
be required. This does not usually happen, however, as whenever system demand 
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varies it will be necessary to regulate the compressor. Some means must be found 
to adjust output to match the variable demands of the system. 

Compressor capacity can be regulated either by continuous or discontinuous 
methods. Continuous means would require control of the compressor by using 
either an adjustable speed coupling or control of the drive motor speed. Another 
method would be to bleed compressed air from the discharge either to atmosphere 
or back into the inlet. This is called unloading or blow-off, and is wasteful of energy. 
Yet another would be alteration of the internals of a compressor; by adjusting 
valves, clearances, and so forth. The last method is the least desirable of all, because 
the correct speed and the adjustment of the compressor internal can only be deter- 
mined and accomplished by the manufacture for specific projects. This makes it 
almost impossible for maintenance personnel to repair in the field. 

Discontinuous regulation is the most common method of controlling compressor 
capacity. This is accomplished by using a pressure-regulating device (either mechani- 
cal or electro mechanical) arranged to stop the compressor at a preset high pressure 
and start it again a preset low pressure. A receiver (tank) is used to store air. This 
gives a reserve capacity to keep the compressor from starting too often. Often, a 
compressor is allowed to run a predetermined minimum time each time it is started 
to avoid potential problems. 


STARTING UNLOADER 


The starting unloader is used only when starting a compressor. After the first time 
pressure has been established in the system and the compressor has stopped, the 
system remains pressurized. When the compressor must start again, it has to over- 
come the force exerted by the air remaining under pressure inside the casing. There 
is not enough power in the drive motor to overcome this pressure. Therefore, a 
means must be provided to vent only the air under pressure in the compressor 
casing to atmosphere, and to allow the compressor to start under no load. This is 
done with a starting unloader. 


PIPING NETWORK DESIGN 


General 


The compressed air system must be controlled, regulated, and sized to ensure 
that an adequate volume of air, at a pressure and purity necessary to satisfy user 
requirements, is delivered to the most remote outlet during the period of heaviest 
anticipated use. Some safety factor must be also incorporated into the system design 
to accommodate additional pressure drop for some period of extremely high use 
if appropriate for the facility. 

The design process is an iterative one, because the performance of one or several 
components may have an effect on the performance of other equipment. Therefore, 
various adjustments will usually be necessary as the design progresses. 


Design Sequence 


1. Locate and identify each process, work station, or piece of equipment using 
compressed air. This is known as the total connected load. These elements 
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should be located on a plan, and a complete list should be made to simplify 
record keeping. 


2. Determine volume of air used at each location. 


e 


. Determine pressure range required at each location. 


4. Determine conditioning requirements for each item, such as allowable moisture 
content, particulate size, and oil content. 


5. Establish how much time the individual tool or process will be in actual use 
for a specific period of time. This is referred to as the duty cycle. This information 
will help determine the simultaneous-use factor by eliminating some locations 
during periods of use at other locations. 


6. Establish the maximum number of locations that may be used simultaneously 
on each branch, main, and for the project as a whole. This is known as the 
use factor. 


7. Establish the extent of allowable leakage. 
8. Establish any allowance for future expansion. 
9, Make a preliminary piping layout, and assign preliminary pressure drop. 


10. Select the air compressor type, conditioning equipment, equipment and air inlet 
locations making sure that consistent scfm (scmm) or acfm (acmm) is used for 
both the system and compressor capacity rating. 


11. Produce a final piping layout, and size the piping network. 


DISCUSSION OF ITEMS IN THE 
DESIGN SEQUENCE 


Project Air-Consuming Device Locations 


This speaks for itself. In order to accomplish this task, the location of all air- 
consuming devices and their requirements should be marked on a plan in order to 
facilitate the piping layout. For future reference prepare a list of all devices noted 
on the plans, their location, and actual flow rates. 


Pressure and Flow Rate Requirement 


All tools use air either through an orifice or to drive a piston to do work. The data 
relative to pressure and flow rate parameters for individual equipment and tools 
are usually obtained from the manufacturer, end-user, facility planner, or owner. It 
is quite common for this information to be incomplete, with additional investigation 
required to find the specific values needed. Very often, it is useful to assign prelimi- 
nary pressure and flow rate requirements of the system, in order to arrange equip- 
ment space and give preliminary mechanical data to other disciplines. Table C15.9 
lists general air requirements for various tools. For equipment that may have only 
orifice size and/or piston information, Table C15.10 gives the amount of air in cfm 
passing through an orifice at various pressures, and Table C15.11 provides the actual 
volume of air required to drive a single-acting piston. The figures should be doubled 
for double-acting pistons. 
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PIPING SYSTEMS 


The best method is to obtain actual equipment cuts from the proposed equip- 


ment manufacturer. 


Compressed-Air Purification 


The selection of purification and conditioning equipment depends upon end-use 
requirements, usually obtained when items 2, 3, and 4 in the design sequence are 


TABLE C15.9 General Air Requirements for Tools 


Air pressure, 


Air consumed, 


Tools or equipment Size or type? psi scfm? 
Hoists 1 ton 70-100 1 
Blow guns 70-90 3 
Bus or truck lifts 14,000-Ib cap 70-90 10 
Car lifts 8,000-Ib cap 70—90 6 
Car rockers 70-90 6 
Drills, rotary Ya-in cap 70—90 20—90 
Engine, cleaning 70-90 5 
Grease guns 70—90 4 
Grinders 8"-in wheel 70—90 50 
Grinders 6"-in wheel 70—90 20 
Paint sprayers Production gun 40—70 20 
Spring oilers 40—70 4 
Paint sprayers Small hand 70—90 2-7 
Riveters Small to large 70—90 10-35 
Drills, piston ¥-in cap, 3-in cap 70—90 50-110 
Spark plug cleaners Reach 36-45 70-90 5 
Carving tools 70-90 10-15 
Rotary sanders 70-90 50 
Rotary sanders 70-90 30 
Tire changers 70-90 1 
Tire inflaters 70-90 1% 
Tire spreaders 70-90 1 
Valve grinders 70-90 2; 
Air hammers Light to heavy 70-90 30-40 
Sand hammers 70-90 25-40 
Nut setters and runners Ya-in cap to ?4-in cap 70—90 20-30 
Impact wrenches/screwdrivers Small to large 70-90 4-10 
Air bushings Small to large 80-90 4-10 
Pneumatic doors 40-90 2 
File and burr tools 70-90 20 
Wood borers 1-2 in 70-90 40-80 
Rim strippers 100-120 6 
Body polishers 70-90 2 
Vacuum cleaners 100-120 6 
Carbon removers 70-100 3 
Sand blasters Wide variation 90 6-400 


* ] inch = 24.5 mm 


^1 cubic foot — 0.0283 m? 
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TABLE C15.10 Air Volume Passing through an Orifice, scfm* 


Gauge Orifice size, inches diameter! 
pressure 

psi Yea Y2 Yea Ye Y82 Vs 34s V4 
50 0.225 0.914 2.05 3.64 82 14.5 32.8 582 
60 0.26 1.05 2.35 42 9.4 16.8 37.5 67 
70 0.295 1.19 2.68 4.76 10.7 19.0 43.0 76 
80 0.33 1.33 2.97 5.32 11.9 212 47.5 85 
90 0.364 1.47 3.28 5.87 13.1 23.5 52.5 94 

100 0.40 1.61 3.66 6.45 14.5 25.8 58.3 103 

110 0.43 1.76 3.95 7.00 15.7 28.0 63 112 

120 0.47 1.90 4.27 7.58 17.0 302 68 121 

130 0.50 2.04 4.57 8.13 182 324 73 130 

140 0.54 2.17 4.87 8.68 19.5 34.5 78 138 

150 0.57 2.33 5.20 9.20 20.7 36.7 83 147 

175 0.66 2.65 5.94 10.6 23.8 42.1 95 169 

200 0.76 3.07 6.90 12.2 27.5 48.7 110 195 


11 inch = 25.4 mm 
?1 psig = 6.9 kPa 
51 scfm = 0.472 nl/s 


obtained. Conditioning equipment includes dryers, filters, lubricators, and pres- 
sure regulators. 

Dryer selection is based on the most demanding user requirement except where 
special, dedicated equipment may be required. If a very low dew point is required, 
the only selection possible is a desiccant-type dryer. However, if a high dew point 
is acceptable, several different types of dryers can be considered. Refer to discussion 
under “Air Dryers" for specific characteristics. 


Duty Cycle 


The duty cycle is how long a tool or device will be available for use during any 
specific period of time or production operation. In order to determine the duty 
cycle, the end-user should be consulted, for in most cases end users are the ones 
most capable of discussing the actual operations of their processes. In most industrial 
applications, tasks of a similar nature are usually grouped together. This will allow 
sections or branches to be calculated independently. 


Use Factor 


The use factor is the maximum number of connected load devices or pieces of 
equipment that will actually be used at the same time. Experience indicates that it 
is almost impossible to accurately determine a use factor. Therefore, sufficient 
receiver capacity or larger compressor capacity to allow for possible variances must 
be made. For laboratories, air is used mostly for chemical reactions, and is not used 
as much as in industrial applications. 
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TABLE C15.11 Volume of Air Used by Single-Acting Piston 
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Piston Length of stroke in inches! 
dia. in 
inches! 1 2 3 4 5 6 7 8 9 10 11 12 
1% .00139  .00278 .00416  .00555 .00694  .00832 .00972 .0111 0125 0139 .0153  .01665 
1% .00158 .00316 .00474 .00632 .0079 .00948 .01105 .01262 .0142 0158 .0174 .01895 
2 00182  .00364 .00545 .00727 .0091 .0109  .0127 0145 .01636 .0182 .020  .0218 
2% 00205 .0041 .00615 .0082 .0103  .0123 0144 0164 0185  .0205 .0226 .0244 
2% 0023 0046 .0069  .0092 0115  .0138 0161 .0184  .0207  .0230 .0253 = .0276 
2% 00256 .00512 .00768 .01025 .0128 01535 .01792 .02044 .0230 .0256 .0282 .0308 
2% 00284 .00568  .00852 .01137 .0142 0171  .0199 0228 .0256 .0284 .0312 .0343 
2% 00313 .00626 .0094 .01254 .01568 .0188  .0219 .0251  .0282 .0313 .0345 .0376 
2% 00343  .00686 .0106 .0137 .0171 .0206  .0240 .0272  .0308 .0343 .0378 .0412 
2% 00376 .00752 .0113  .01503 .01877 .0226  .0263  .0301  .0338  .0376 .0413 045 
3 00409 .00818 .0123 .0164 0204 .0246 0286  .0327 .0368 .0409 .0450 .049 
3% 00443 .00886  .0133 0177  .0222  .0266  .0310  .0354  .0399  Á.0443 .0488  .0532 
3% 0048 0096 0144 0192 .024 0288 .0336 .0384  .0432 .0480 .0529 .0575 
3% 00518 .01036 .0155 .0207  .0259  .031 0362 0415 .0465 .0518 .037 .062 
3% 00555 .0112 0167  .0222  .0278  .0333  .0389  .0445  .050 .0556 .061  .0644 
3% 00595 .0119 0179  .02388  .0298  .0357  .0416  .0477  .0536  .0595 .0655 .0715 
334 0064 0128 .0192  .0256 .032 0384  .0447  .0512  .0575  .064  .0702  .0766 
3% 0068 01362 .0205  .0273 .0341 .041 .0477  .0545  .0614  .068  .075  .082 
4 00725 .0145  .0218 .029 0363  .0435  .0508  .058 .0653  .0725 .0798  .087 
4% 00773  .01547  .0232  .0309  .0386  .0464  .0541  .0618  .0695  .0773 .0851 .092 
44 0082 0164 .0246  .0328  .041 0492 .0574  .0655  .0738  .082  .0903 .0985 
4% 0087 0174 .0261  .0348 .0435  .0522 .0608 .0694 .0782 .087  .0958 .1042 
4% 0092 0184 .0276 0368 — .046 .0552 .0643  .0735  .0828  .092 101 105 
456 0097 0194 .0291 .0388  .0485  .0582  .0679  .0775  .0873  .097  .1068 .1163 
494 01025  .0205 0308 — .041 0512 .0615 .0717  .0818  .0922 1025 .1125 .123 
475 0108  .0216 .0324  .0431  .054 .0647 — .0755  .0862  .097 108 — .1185  .1295 
5 0114  .0228  .0341 .0455 0568 .0681 .0795  J.091 4023 114. .125  .136 
54% 01193  .0239 0358 | .0479 .0598 .0716  .0837  .0955 1073  .1193 .1315 1435 
5% 0125 0251 .0376 0502 .0627  .0753  .0878  .100 .4128 | 125 4138 151 
5% 0131 0263 = .0394  .0525  .0656  .0788 .092 105 118 .131  .144  .158 
5% 01375 .0275  .0412 .055 .0687 | .0825  .0962 110 .4235  .1375 44851 165 
5% 0144 0288 .0432 .0575 .072 0865 . .101 115 1295 144  .585 173 
5% .015 030 .045 .060 .075 .090 .105 .120 35 150  .165 180 
576 .0157 0314 = .047 0628 .0785 .094 110 1254 42 .157 .1725 .188 
6 0164 032 .0492 .0655  .082 .0963 .1145 131 .147 .164 — .180 97 
These volumes are for single acting cylinders. For double acting cylinders, multiply by two and subtract the 
volume of the piston rod. 


11 in = 25.4 mm 
21 cf = 0.0283 m? 
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Allowable Leakage 


This is an often-overlooked waste of air for facilities. No method exists for accurately 
determining a reasonable figure. Leakage is a function of the number and type of 
connections, the age of the system, and the quality of pipe assembly. Many smaller 
tools and operations will generally have a greater total leakage of air than a few 
larger use-points. A well-maintained system will have a leakage of about 2 percent 
to 5 percent. Average conditions in aged facilities may have 10 percent leakage. 
Poorly maintained systems have been known to have a leakage factor as high as 
25 percent. The facility maintenance or engineering department should be consulted 
when selecting a value. The leakage should be considered when the selected com- 
pressor capacity barely meets system requirements. 


Future Expansion 


The owner must give guidance as to the possibility and extent of any future expan- 
sion. Consideration should be given to oversizing some components (such as filters, 
dryers, and main pipe sizes) in anticipation of expansion, to avoid costly replacement 
in the future, and to save downtime while expansion is under way. 


PIPING SYSTEM DESIGN 


Piping layout on the plans shall be reasonably complete, with checking for space, 
clearances, interferences, and equipment drops. Also, the following information 
must be available: 


. A list of all air-consuming devices 
. Minimum and maximum pressure requirements for each device 
. Actual volume of air used by each device 


. Duty cycle and use factor 


Un RU N = 


. Special individual air-conditioning equipment requirements. 


It will now be possible to start sizing the piping network using the following se- 
quence: 


1. In order to use pressure drop tables, it is necessary to find the equivalent length 
of run from the compressor to the farthest point in the piping system. The reason 
for this is that the various pipe sizing tables are developed for a pressure drop 
using friction loss for a given length of pipe. Measuring the actual length is the 
first step. In addition to the actual measured pipe length, the effect of fittings 
must be considered. This is because fittings and valves hinder the flow of air. 
This degree of obstruction has been converted to an equivalent straight length 
of pipe in order to make calculations easy. Table C15.12 has been developed to 
provide the equivalent pipe length for fittings and valves, which should be added 
to the actual measured run to establish a total equivalent run. Instead of actually 
counting the number of valves and fittings, it is accepted practice to add between 
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TABLE C15.12 Loss of Pressure Through Various Fittings as Equivalent Length, in Feet, of 
Straight Pipe! 


Standard ell 
Nominal pipe See note 2 Long radius | or on run of 
size! all or on run | tee reduced Close Tee 

Actualinside | Gate | of standard in size Angle | return through Glove 
NPS DN diameter (in.) | valve tee 50 percent valve bend | side outlet | valve 
L^ 15 0.622 0.36 0.62 1.55 8.65 347 3.10 173 
94 20 .824 48 82 2.06 114 4.60 4.12 22.9 
1 25 1.049 61 1.05 2.62 14.6 5.82 5.24 29.1 
1% 32 1.380 81 1.38 3.45 19.1 7.66 6.90 38.3 
1% 40 1.610 94 1.61 4.02 22.4 8.95 8.04 44.7 
2 50 2.067 1.21 2.07 5.17 28.7 11.5 10.3 57.4 
22 65 2.469 1.44 2.47 6.16 34.3 13.7 12.3 68.5 
3 80 3.068 1.79 3.07 6.16 42.6 17.1 15.3 85.2 
4 100 4.026 2.35 4.03 7.67 56.0 22.4 20.2 112.0 
5 125 5.047 2.94 5.05 10.1 70.0 28.0 252 140.0 
6 150 6.065 3.54 6.07 152 841 33.8 30.4 168.0 
8 200 7.981 4.65 7.98 20.0 111.0 44.6 40.0 222.0 
10 250 10.020 5.85 10.00 25.0 139.0 55.7 50.0 278.0 
12 300 11.940 6.96 11.00 29.8 166.00 | 66.3 59.6 332.0 


Note1 1ft — 0.304 m 
Note2 1” = 25.4 mm 


40 and 50 percent of the actual measured run to get an approximation of the 
total equivalent run. 


Determine the actual pressure drop that will occur only in the piping system. 
Generally accepted practice is to allow 10% of the proposed system pressure for 
pipe friction loss. For example, in a 100 psi (690 kPa) system, start using a 
figure of 10 psi (69 kPa). Since the air compressor has not been selected yet, 
this figure is variable. A smaller pipe size may lead to higher compressor horse- 
power. It is considered good practice to oversize distribution mains to allow for 
future growth and also to allow for the future addition of conditioning 
equipment that may add a pressure drop not anticipated at the time of original 
design. 


Size the piping using the appropriate charts, having calculated the SCFM and 
the allowable friction loss in each section of the piping being sized. Since all 
pipe-sizing charts are formulated on the loss of pressure per some length of 
piping (usually 100 ft), it will be necessary to arrive at the required value for 
the specific chart you are using. Tables C15.13 through C15.16 present friction 
loss of air in psi for a 100 ft (31 m) length of pipe, and from 50 to 125 psig (345 
to 862 kPag) line pressure. Use the highest system working pressure to determine 
pipe size. 

The temperature used to calculate the friction loss is 60°F (16°C). For 100°F 
(38°C), increase drop figures in the tables by 7.7% for greater accuracy. 


The charts were calculated using the following formula: 


P = 0 — (C15.2) 
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TABLE C15.13 Pressure Drop of Air in Pounds Per Square Inch Per 100 Feet of Pipe 


(30 m) for Air at 50 psig (345 kPa) 


cfm at 60°F, Pipe size (NPS) 
14.6 psia Vo 9A 1 1% 1% 2 2% 3 4 5 6 
1 .006 
2 .024 .006 
3 .055 .012 
4 .098 .022 .006 
5 .153 .034 .009 
6 220 .050 .013 
8 .391 .088 .023 .006 
10 .611 .138 .036 .009 
15 1.374 .310 .082 .020 .009 
20 2.443 551 146 .035 .016 
25 3.617 .861 227 .055 .024 .007 
30 5.497 1.240 .328 .079 .035 .010 
35 1.688 .446 .108 .047 .013 .005 
40 2.205 .582 .141 .062 .017 .007 
45 2.791 37 .178 .078 .021 .009 
50 3.445 -910 220 .097 .026 011 
60 4.961 1.310 317 .140 .038 .016 .005 
70 1.783 .432 .190 .052 .021 .007 
80 2.329 564 248 .068 .028 .009 
90 2.948 413 314 .086 .035 011 
100 3.639 881 388 .106 .044 014 
125 5.686 1.376 .606 .165 .068 .022 
150 1.982 .872 .238 .098 .031 .007 
175 2.697 1.187 .324 .133 .043 .010 
200 3.523 1.550 .423 174 056 .013 
225 4.459 1.962 .536 220 .070 .016 
250 5.505 2.423 .662 1272. .087 .020 .006 
275 2.931 .801 .329 .105 .024 .007 
300 3.489 .953 .392 125 .029 .009 
325 4.094 1.118 .460 .147 .034 .010 
350 4.748 1.297 .533 .170 .039 .012 
375 5.451 1.489 .612 195 045 014 .005 
400 6.202 1.694 .696 222 .051 .015 .006 
425 1.912 .786 251 .057 .017 .007 
450 2.144 .881 281 .064 .019 .008 
475 2.388 .982 313 .072 .022 .009 
500 2.464 1.088 .347 .079 .024 .010 
550 3.202 1.317 .420 .096 .029 .012 
600 3.811 1.567 .500 114 .035 .014 
650 4.473 1.839 .587 .134 .041 .016 


Where P = Pressure loss due to friction, psi for 100 ft of pipe run 


F — Friction factor (use 4000 as average figure) 
V = Velocity in ft/sec 


g = Acceleration due to gravity—32.2 ft/sec 


D = Pipe diameter, ft 
Q = Specific weight of air in lb/ft? 
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TABLE C15.14 Pressure Drop of Air in Pounds Per Square Inch Per 100 Feet of Pipe 


For Air at 75 psig (517 kPa) 


cfm at 60°F, Pipe size (NPS) 

14.6 psia Vo Sa 1 1% 1% 2 2Vo 3 4 5 6 

1 

2 .018 

3 .040 .009 

4 .070 .016 

5 .110 .025 

6 .159 .036 .009 

8 282 .064 .017 

10 441 .099 .026 

15 .991 224 059 .014 

20 1.762 .398 .105 .025 .011 

25 2.753 .621 .164 .040 .017 

30 3.965 .895 .236 .057 .025 

35 5.396 1.218 322 .078 .034 .009 

40 7.048 1.590 .420 .102 .045 .012 

45 8.921 2.013 .532 .129 .057 .015 

50 2.485 .656 .159 .070 .019 .008 

60 3.579 .945 229 101 .027 011 

70 4.871 1.286 311 137 037 .015 

80 6.362 1.680 .407 .179 .049 .020 

90 8.052 2.126 515 226 .062 .025 .008 

100 2.625 .635 280 .076 .031 .010 

125 4.101 .993 437 119 .049  .016 

150 5.906 1.429 .629 .172 .071 .023 

175 8.039 1.946 .856 .234 .096 .031 

200 2.541 1.118 .305 .126 .040 .009 

225 3.216 1.415 387 .159  .051 .012 

250 3.971 1.747 AT] 196 .063 .014 

275 4.804 2.114 577 237 .076 .017 

300 5.718 2.516 .687 .283 .090 .021 

325 6.710 2.953 .807 332 106 .024 

350 7.782 3.425 .935 385 123 .028 .008 
375 8.934 3.932 1.074 441 141 .032 .010 
400 4.473 1.222 502 .160 .037 .011 
425 5.050 1.379 567 .181 .041 .013 
450 5.662 1.546 636 .203 .046 .014 
475 6.308 1.723 .708 .226 .052 .016 
500 6.990 1.909 .785 .251 .057 .017 
550 8.458 2.310 .950 .303 .069 .021 .008 
600 2.749 1.130 .361 .082 .025 .010 
650 3.226 1.326 .423 .097 .029 .012 


The following general design parameters for end-use equipment can be used as 
a guide when calculating a piping systems total pressure drop: 


1. Equipment drop leg: 2 psi loss (1 psi if possible) 
2. Hose allowance: refer to Table C15.17. 


3. Quick disconnect coupling: 4 psi loss 
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TABLE C15.15 Pressure Drop of Air in Pounds Per Square Inch Per 100 Feet of Pipe 


For Air at 100 Pounds Per Square Inch Gauge Pressure and 60°F Temperature 


Cubic feet of free air Pipe size (NPS) 
at 60?F, 14.6 psia Ve 34 1 1% 1% 2 2⁄2 3 4 5 
1 
2 .014 
3 .031 
4 .055 .012 
5 .086 .019 
6 .124 .028 
8 .220 .050 .013 
10 .345 .078 .021 
15 us .175 .046 O11 
20 1.378 311 .082 .020 
25 2.153 .486 .128 .031  .014 
30 3.101 .700 .185 .045  .020 
35 4.220 .952 1251 .061 .027 
40 5.512 1.244 .328 .079  .035 
45 6.976 1.574 .416 101  .044 .012 
50 8.613 1.943 .513 124 .055  .015 
60 12.402 2.799 .739 179 .079  .021 
70 3.809 1.006 243  .107 029  .012 
80 4.975 1.314 318 140 4.038  .016 
90 6.297 . 1.663 402  .177  .048  .020 
100 7.774 = 2.053 .497  .219 060  .025 
125 12.147 3.207 776 .342 .0903  .0838 .012 
150 4.619 1.118 .492 134  .055 .018 
175 6.287 1.522 .670 .183  .075 .024 
200 8.211 1.987 .875 239 .098 .031 
225 10.3922 2.515 1.107 .302  .124 .040 
250 12.830 3.105 1.367  Á.373 153 .049 .011 
275 3.757 1.654 .452  .186 .059 .014 
300 4.471 1.968  .537 221 .071 .016 
325 5.248 2.300  .631  .259 .083 .019 
350 6.086 2.678  .731 .301 .096 .022 
375 6.987 3.075  .840 .345 .110 .025 
400 7.949 3.498  .955 . .393 125 .029 
425 8.974 3.949 1.079 .443 .142 .032 
450 10.061 4.428 1.209  .497 .159 .036 .011 
475 11.210 4.933 1.347 .554 .177 .040 .012 
500 12.421 5.466 1.493 .614 .196 .045 .014 
550 6.614 1.806 .743 .237 .054 .016 
600 7.871 2.150  .884 .282 .064 .020 
650 9.238 2.523 1.037 .331 .076 .023 


4. Lubricator: 1 to 4 psi loss 


5. Point-of-use filter: 1⁄2 to 2 psi loss 


Selecting the Air-Compressor Assembly 


The first step will be to calculate the air-compressor capacity. To start, the following 


information shall be available: 
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TABLE C15.16 Pressure Drop of Air in Pounds Per Square Inch Per 100 Feet of Pipe 


For Air at 125 Pounds Per Square Inch Gauge Pressure and 60°F Temperature 


cfm at 60°F, Pipe size (NPS) 
14.6 psia Vo 3A 1 1% 1% 2 2⁄2 3 4 5 

1 

2 

3 .025 

4 .045 

5 .071 .016 

6 .102 .023 

8 .181 .041 

10 .283 .064 .017 

15 .636 .144 .038 

20 1.131 .255 .067 .016 

25 1.768 .399 .105 .025 

30 2.546 574 152 .037 .016 

35 3.465 782 .206 .050 .022 

40 4.526 1.021 270 .065 .029 

45 5.728 1.292 341 .083 .036 

50 7.071 1.596 421 102 045 

60 10.183 2.298 .607 147 .065 .018 

70 13.860 3.128 .826 .200 .088 .024 

80 4.085 1.079 261 115 .031 ..013 

90 5.170 1.365 .330 .145 .040 .016 

100 6.383 1.685 .408 .180 .049  .020 

125 9.973 2.633 .637 281 .077 .031 

150 14.361 3.792 .918 .404 110 .045  .014 

175 5.162 1.249 .550 150 .062  .020 

200 6.742 1.632 718 196 .081 .026 

225 8.533 2.065 .909 248  .102 ..033 

250 10.534 2.550 1.122 306 .126  .040 

275 12.746 3.085 1.358 371 1152  .049 

300 15.169 3.671 1.616 .441 181 .058  .013 
325 4.309 1.896 518 .213 .068 .016 
350 4.997 2.199 .601 .247 .079 .018 
375 5.736 2.525 .689 283 .090 .021 
400 6.527 2.872 .784 .323 4.103 .024 
425 7.368 | 3.243 886 .364 .115 .027 
450 8.260 3.635 .993 408 .130 .030 
475 9.204 4.050 1.106 .455 145 .033 
500 10.198 4.488 1.226 .504  .161  .037 
550 12.340 5.430 1.483 .610 .195 .044 .013 
600 14.685 6.463 1.765 .726 4.232 .053 .016 
650 7.585 2.071 .852 272 .062 .019 


1. Total connected cfm of all air-using devices, including flow to the air dryer system 
if applicable 


hw N 


. cfm leakage and future expansion allowance 


. Maximum worst-case pressure these devices require 


. Duty cycle and use factors giving maximum expected use of air by devices 


£672 


TABLE C15.17 Recommended Hose Sizes Pressure Drops in psi For Air-Operated Tools 


g g 
MI E ee ell] Sao] Be ee) ee) ee Ee! cee) eke) ae 
AE We E | E a ek | geal ie) a) UM E 
ios | 1 | 1 | & d d Lf rud bal aal 49 5 
flow i rz rz rz & A e pn d d Bw E Mm de 
—dm | 42 d m E b s 4 F 5 S8 NE EE 
2 3.5 1.2 13 
3 45 2.7 2.8 
4 12.5 4.4 4.6 
5 6.7 6.9 
6 9.3 9.7 1.2 
yi 12.4 1.3 12.9 1.6 
8 1.6 2.1 
10 2:5 32 
12 3.5 L3 4.5 
15 (53 2.0 1.1 6.9 
20 9.0 3.4 1.4 1.0 1.9 11.8 
25 13.8 51 2.2 1.5 3.0 1.3 1.5 
30 7.3 3.1 1.1 2.1 4.2 1.8 2.1 
35 9.8 4.1 1.5 2.9 _5.6 2:5 2.8 
40 12.5 53 2.0 3.7 7.1 1.0 3.2 3.7 
45 6.6 2.5 4.6 8.9 1.2 4.0 4.6 
50 8.1 3.0 5.6 10.9 1.5 49 _5.6 
55 9.7 3.6 “6.7 13.0 1.8 5.9 6.8 
60 11.5 4.3 7.9 141 2.1 7.0 8.0 
70 ST 10.6 1.4 2.8 9.4 10.7 
80 7.3 13.6 1.9 3.6 12.1 13.9 
90 9.2 23 4.5 
100 11.2 2.8 5.5 
120 4.0 77 
140 _5.4 10.3 
160 6.9 13.3 
180 8.7 
200 10.6 
220 12.7 
Based on 95 psig air pressure at hose inlet, includes normal couplings (quick connect couplings will increase 
ream from 


pressure losses materially). Hose is assumed to be smooth. Air is clean and dry. If an airline lubricator is ups 
the hose pressure loss will be considerably higher. Pressure loss varies inversely as the absolute pressure (approximately). 
Probable accuracy is believed to be +10%. Selections should be made from above the heavy lines for best economy. 


Note 1 psi X 6.9 = kPa 
Note 2. cfm X .47 = l/s 
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5. Allowable pressure drops for entire system, including piping and conditioning 
equipment 


6. Altitude, temperature, and contaminant removal corrections 
7. Location of air compressor and all ancillary equipment 


Having completed the above work, first design the inlet piping system if neces- 
sary. Since air-compressor performance depends on inlet conditions, this system 
deserves special care. The air intake should provide a supply of air to the compressor 
that is as clean, cool, and dry as possible. The proposed location should be studied 
for the presence of any type of airborne contamination, and positioned to avoid 
the probability of contaminated intake. 

Whenever reasonable, use outside air because it is colder. For an external installa- 
tion, the inlet should have a rain cap and a screen. An inlet filter should always be 
provided inside the building. If the manufacturer of the selected compressor indi- 
cates that noise may be a problem, a silencer shall be installed. Each compressor 
(if a duplex) should have an independent air intake. 

The pressure loss of air through the intake piping should be held to a minimum. 
Velocity of intake air should be limited to about 1000 ft/min (310 m/min) to avoid 
noise problems, and friction loss limited to about 4 in (100 mm) of water. Table 
C15.18 gives a recommended inlet pipe size. Inlet louver velocity should also be 
low enough to avoid drawing in rainwater. In general, if air requirements are less 
than 14 scmm (500 scfm), the intake can be indoors. If indoor air temperature is 
usually higher than 100°F (38°C) the intake should be outdoors. Provide an auto- 
matic drain on the line leading to the compressor, and pitch the intake piping to 
the drain point. 


TABLE C15.18 Inlet Pipe Size 


Maximum Minimum size 
cfm free-air 
capacity l/s NPS DN 
50 25 2% 65 
110 55 3 80 
210 105 4 100 
400 200 5 125 
800 400 6 150 


Source: James Church 


Uncontrolled piping pulsations can harm inlet piping, damage the building struc- 
ture, and affect compressor performance. Air flow into a reciprocating compressor 
pulsates because of the cyclic intake of air into the compressor cylinder. The variable 
pressure causes the air column in the pipe to vibrate, which creates a traveling 
wave in the pipe moving at the speed of sound. The inlet pipe itself vibrates at 
some natural frequency depending on its length. If the air column vibrates at or 
near the same frequency as the length of pipe, the system is said to be resonant. Large 
pressures could result when this occurs. Resonant pipe lengths can be calculated by 
the compressor manufacturers, and the critical length given to the engineer. As an 
example, with a 600 RPM compressor, avoid a length of pipe 3.2 to 12.5 ft, (1 to 
3.8 m) 5.2 to 8.1 m (16.8 to 26.2 ft and (8.1 m), 32.3 to 41.5 ft, 10.0 to 12.8 m. A 
surge chamber can also be used to eliminate this problem. 
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Many different factors are involved in selection of compressor type: 


Space limitations 


Noise limitations 


Compressor pressure capability 
Maximum flow rate 


Availability, cost, and quality of cooling water 


Need for oil-free air 


. Electrical power limitations 
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. Costs—both initial and long-term 


The following reasons should be considered when in doubt as to the selection 
of a duplex unit rather than a simplex unit. 


1. The cost of downtime. The owner may request two 100% capacity machines to 
eliminate the possibility of a shutdown. 


2. Where a facility has a steady requirement (called a base load) and in addition 
there are substantial variations due to periodic or intermittent use. 


3. When electrical starting requirements would overload the system. Two units 
starting at different times will eliminate the problem. 


4. Where floor space is not available for one large compressor and ancillary 
equipment. 

5. Where widely separated concentrations of heavy use exist, two compressors or 
possibly two sets of compressors are a good idea. 


Experience has shown that a properly sized, constantly working compressor 
usually requires less maintenance than one running intermittently. 
A schematic detail of a typical air compressor assembly is shown in Fig. C15.10. 


Dryer vent to atmosphere 


Constant pressure valve 


inlet cap and 
screen 


Solenoid valve 


Nacuum breaker 
Strainer 


Cooling water supply 


Roof ~ 


Inlet filter and 


Air compressor: 


Alternate dryer location 


FIGURE C15.10 Typical air compressor assembly. 
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Most of the power input to a compressor is rejected through the various cooling 
systems into the space where the compressor is located. This information must be 
relayed to the HVAC systems engineer for space-conditioning if necessary. Good 
ventilation is mandatory in the area where the compressor is installed. 

Vibration isolation is achieved by the proper selection of resilient devices be- 
tween the pump base and the building structure. This is accomplished by placing 
isolators between the pump and the floor, flexible connections on all piping from 
the compressor, and spring-type hangers on the piping around the compressor for 
a distance of about 20 ft (6 m). 


INSTRUMENT AIR 


Instrument air is a general term used to describe compressed air used to operate 
pneumatic controllers, valves, actuators, pressure transmitters, and other similar 
devices. Instrument air also operates automatic temperature control (ATC) systems 
and associated heating, ventilating, and air-conditioning (HV AC) devices used to 
control and condition air for comfort in facilities. The largest volume of instrument 
air in a manufacturing facility is used to operate valve actuators. 


Instrument Air System Codes and Standards 


The Instrument Society of America (ISA) is the major organization writing and 
issuing standards for instrument air. The principal standards concerning the creation 
and use of instrument air are: 


1. ANSI/ISA S7.3 Quality Standard for Instrument Air 
2. RP S7.7 Recommended Practice for Producing Quality Instrument Air 


Based upon the type of facility and its location, the applicable code may be one 
ofthe sections of the ASME Pressure Piping Code or the ASME Boiler and Pressure 
Vessel Code. For example, an instrument air system in a fossil-fueled power plant 
would have to comply with the requirements of the ASME B31.1 Power Piping 
Code, whereas a similar system in a chemical or refinery facility will be constructed 
in accordance with the ASME B31.3 Process Piping Code. 


Instrument Air Quality Standards 


There are four elements of quality that must be considered in instrument air piping: 
(1) moisture content, (2) oil content, (3) particulate size, and (4) other toxic contami- 
nation. 

If any instrument air lines are located outside a building, the maximum allowable 
moisture content that will permit instruments to continuously function satisfactorily 
is to have a dew point 18°F (10°C) below the lowest temperature that any part of 
the instrument air system will be exposed to. When the instrument air system is 
completely indoors, the dew point shall not exceed 35°F (2°C). 

The oil content in instrument air systems shall be as close to zero as possible, 
with the maximum allowable content of 1 ppm under normal operating conditions. 
This requires that an oil-free compressor be used to generate the compressed 
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air rather than trying to use filters to reduce the oil content from another type 
of compressor. 

The maximum allowable particulate size shall be 3u. 

The intake shall be free from all corrosive, flammable, and toxic contaminants. 
If the intake cannot be located in an area free from this kind of contamination, 
these impurities shall be removed before entering the compressor. 

The instrument Society of America has established the following general require- 
ments: 


1. Pressure Dew Point: Maximum 35°F, (2°C), or 20°F (12°C) below the lowest 
winter ambient temperature expected anywhere (inside or outside) the instru- 
ment air lines will be installed at the facility. 


. Particulate size: Maximum 3 microns. 
. Oil Content: Maximum 1 PPM but as close to zero as possible. 
. Misc. contaminants: No corrosive or hazardous gases. 


Un Aa OU NY 


. Pressures required are generally in the 15 to 50 psi (103 to 345 kPa) range. 


Instrument Air Pressure Requirements 


The pressure normally required for actuation devices is 100 psig (690 kPag). Since 
the exact, final number of devices connected is rarely known during the design 
phase of a project, it is common practice to provide an instrument air header of 
sufficient size to satisfy the anticipated load. To allow connections to the header, 
a valved branch line should be provided every 10.0, or 20.0 ft, (3 or 6 m), based 
on the information received from the process engineers as to the proposed number 
and location of devices. 

There are two ranges of pressures used in pneumatic pressure transmission for 
building control purposes. The preferred nominal pressure is 12 psig (80kPa), with 
an operating range (span) of between 3 and 15 psig (20 and 100 kPa). The air 
supplied to this system shall have a range of between 19 and 22 psig (130 and 150 
kPa). Another commonly used nominal working pressure is 24 psig (166 kPa), with 
an operating range of between 6 and 30 psig (40 and 210 kPa). The air pressure 
supplied to this system is in the range of between 38 and 44 psig (260 and 300 kPa). 


Generation of Instrument Air 


Instrument air can be generated by means of a dedicated air compressor assembly 
or obtained from an air compressor serving other purposes. When obtained from 
other than dedicated sources, the supply air pressure must be adjusted to system 
requirements and the air stream further conditioned as necessary to achieve the 
required purity requirements. It is highly recommended that instrument air be 
produced by dedicated compressors. In order for the actuators to have the ability 
to go their fail-safe position if power fails, it is recommended that the instrument 
air receiver have a minimum of a five-minute reserve of air available for shut-down 
purposes if the compressor is not on emergency power. 

To calculate the capacity of the compressor and piping system, generally accepted 
practice for preliminary calculations is to use 3 scfm (1.5 nl/s) for each device and 
an average 30 percent use factor for the system. This figure is only an approximation 
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and must be verified. Approximate general usage is 35 scfh for each diaphram 
device and 180 scfh for piston-operated devices. 


Instrument Air Pipe, Fittings, and Joints 


There are several materials that could be used for instrument air system pipe, 
tubing, fittings, and joints. Material selection must be based on the quality of air, 
type of compressor, and overall quality requirements for the service, in addition 
to the design requirements for the system. Use of pipe or tubing, and the type of 
joints, depends on the location of the system, underground or above ground. For 
example, it is advisable to use pipe with brazed joints for underground applications. 
On the other hand, use of tubing with solder joints is customary for above- 
ground service. 

For instrument air systems, copper tubing complying with ASTM B 819 is recom- 
mended because this standard copper tube is factory-cleaned and shipped capped. 
This eliminates any particulates and grease that may be found in other copper 
tubing or pipe. However, if due precautions and necessary steps are taken to assure 
that the copper tubing is clean for instrument air application, ASTM B 88 tubing 
may be used for industrial applications. Copper fittings conforming to ASME B16.22, 
Wrought Copper and Copper Alloy Solder Joint Fittings, are to be used. These 
fittings contain phosphorus and do not require flux. Joints are usually brazed with 
no added flux, and the joint purged with nitrogen to prevent the buildup of copper 
oxide. Pressure-sensing branch lines are usually PE tubing and fittings. PE tubing 
is available in long lengths, minimizing joints. Sizes are % in (6.3 mm) and % in 
(10 mm) diameters. Also used are copper, aluminum, and PE clad copper. When 
multiple lines of PE are used, they are often bundled together. When they must 
be protected, it is common practice to have them run in metallic conduit. Pneumatic 
lines serving smoke dampers shall be rigid copper or aluminum tubing. 

The soldered joints between copper tubing and fittings shall be made by using 
ordinary solder. Joints for underground copper pipe, conforming to ASTM B42, 
and fittings conforming to ASTM B61 or B62 shall be brazed joints. Copper pipe 
can be used above ground also. 

Sometimes stainless steel pipe, ASTM A312, Gr. 304L, or 316L along with 
stainless steel fittings A403, Gr. WP304L, or WP316L and A182 TP 304L or 316L, 
are used for instrument air system piping, especially when air is expected to contain 
moisture. Refer to App. E5 and App. E6 for piping and tubing material specifica- 
tions. In general, NPS 2-12 (DN 65) and larger piping is joined together using butt- 
welding joints, and NPS 2 (DN 50) and smaller piping is welded by using socket 
welds. Threaded joints may be used only when permitted by the applicable code. 
Other types of joints have been developed and qualified for air systems and other 
services. Refer to Chap. A9 for a stainless steel piping system called Pressfit, which 
is suitable for air applications. 

At times when the quality of air is not a concern, the piping could be constructed 
by utilizing carbon steel pipe, ASTM A106, Gr. B or A53, Gr. B and carbon steel 
fitings per A105 and A224, Gr. WPB or WPBW. Galvanized carbon steel piping 
may be considered when measures for filtering Zinc flakes are incorporated. 

It is cautioned that some industry codes and standards do not permit use of 
certain plastic pipe and fittings for air services. Compliance to applicable code 
requirements and the safety considerations must take precedence over cost-related 
considerations of installed piping system. 
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CHAPTER C16 
COMPRESSED GASES AND 
VACUUM SYSTEMS FOR 
LABORATORIES 


Michael Frankel, CIPE 


Utility Systems Consultants, Somerset, New Jersey 


GENERAL 


This chapter will describe piping for vacuum, compressed air, and specialty com- 
pressed gas systems typically found in general, teaching, chemical, pharmaceutical, 
biological, and physics laboratories. 

Compressed gases used in laboratories are characterized by low delivery pressure, 
low to intermittently high volume, and high purity requirements of the gas and of 
the piping distribution system. The usual working pressure is in the range of 50 to 
55 psig (345 to 380 kPa). The primary source of pure gases is from cylinders, since 
it is extremely rare that the quantity of pure gases used for laboratory and research 
purposes would justify large bulk storage. 

Principal uses of vacuum are drying, filtering, fluid transfer, and evacuating air 
from apparatus. The usual working pressure of vacuum systems is in the range of 
15 to 20 in Hg vacuum (50 to 35 kPa abs). In some cases, there is a local need for 
“high” vacuum in the range of 24.0 to 29.6 in Hg vacuum (20 to 0.1 kPa abs), which 
is usually produced with a separate vacuum pump. 


CODES AND STANDARDS 


There are no building codes directly regulating the installation of these systems. 
The building codes impacting the installation of various laboratory vacuum and gas 
systems are concerned with safety and health of operating personnel and building 
occupants, and requirements concerning fire and structural consequences of acci- 
dents. Standards—which are generally consensus standards published by interested 
organizations—are concerned with the purity of a gas for specific uses and standard 
dimensions of pipe, fittings, and connectors. There are no mandated code sizing re- 
quirements. 
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Compressed Gas Association (CGA) 


Minimum purity requirements for various gases are addressed in CGA publications 
called Commodity Standards, which also contain material, pressure, and dimensional 
standards for pipe connections to terminals. 


National Fire Protection Association (NFPA) 


The NFPA has various standards for the storage of flammable gases in tanks and 
cylinders both inside buildings and on the site. 

Compressed gas systems for laboratories within a facility are often required to 
conform to NFPA99, Standard for Health Care Facilities, even though this standard 
does not apply to laboratories outside of health care facilities. 


Environmental Protection Agency (EPA) 


There are EPA health hazard classifications, fire hazard classifications, and a sudden 
release-of-pressure hazard classification. All of these ratings are available from a 
material safety and data sheet (MSDS). There are gases that fall under a classification 
of Reactive Hazard, which requires separation of gases that react with one another. 
There are also EPA Threshold Limit values for the concentration of any particular 
gas in air for breathing purposes. 

For gases not covered by NFPA and CGA standards, accepted engineering 
practice is used to adequately locate the tanks, piping, and other system components. 


COMPRESSED GAS FUNDAMENTALS 


Fundamentals for compressed gases are given in Chap. C15 of this handbook. 


VACUUM FUNDAMENTALS 


The performance of any vacuum system is based on three factors: (1) flow rate, 
(2) initial vacuum pressure at the source, and (3) the minimum acceptable vacuum 
level required at the farthest point of the system. The minimum level of vacuum 
requires that all pressure lost in the system be taken into consideration, including 
pressure lost in vacuum source devices, the pressure lost from the friction of fluid 
flow through piping, and the pressure lost through the resistance of valves and 
fittings to the flow of fluids. 

For vacuum systems to function, air is the transporting medium, and the negative 
vacuum pressure provides the energy for transportation. These two essential factors 
operate in inverse proportion—as the airflow increases, the vacuum pressure de- 
creases. The system must be designed to produce specific vacuum pressure and 
airflow levels that have been determined, often by experience and experimentation, 
to be most effective in performing the task required in the laboratory. 
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Vacuum Definition 


Vacuum is defined as an air pressure less than atmospheric. The vacuum level (or 
pressure) is the difference in pressure between that in the evacuated system and 
the atmospheric pressure. 

While the definition of vacuum is straightforward, measuring a vacuum level 
is not. The method and units of measurement depends on different reference 
points. 


Units of Measurement and Reference Points 


Units of Measurement. Flow rates in Inch Pound (IP) units are most commonly 
measured in cubic feet per minute (cfm). When referring to standard conditions 
the prefix “s” is used, meaning standard cubic feet per minute (scfm). For System 
International (SI), or metric units, liters per second (l/s) is the most commonly 
used value. When referring to standard conditions the prefix “n” is used, meaning 
normal liters per second (nl/s). 

Vacuum is used by having air at atmospheric pressure enter a piping system 
that has a lower pressure than atmospheric. Gas at standard atmospheric pressure 
will then expand to fill the piping system. The expanded air in the vacuum piping 
system is called actual cubic feet per minute or actual liters per second (acfm or 
al/s). Acfm or al/s is greater than scfm or ml/s. 

In order to compute vacuum pressure and changes in volume, conversion to 
negative gauge pressure in pounds per square inch (psig), absolute pressure pounds 
per square inch (psia) or kilopascals (kPa) will be required. Other units commonly 
used are inches of mercury (in Hg), millibar (mbar), microns (u) and torr. 


Standard Reference Points. The two basic reference points for measuring vacuum 
are standard atmospheric pressure and a perfect vacuum. When the point of reference 
is from standard atmospheric pressure to a specified vacuum pressure it is called 
gauge pressure and is recorded as a minus pressure reading. It is general practice 
that gauge pressure is the intended unit of measurement when no specific reference 
is used. If the reference pressure level is measured from a perfect vacuum, the term 
used is absolute pressure. 

On the dials of most pressure gauges, atmospheric pressure is assigned the value 
of zero. Vacuum measurements will then have a value of less than zero. Negative 
gauge pressure is the difference between the system vacuum pressure and atmo- 
spheric pressure. Absolute pressure is the positive pressure above a perfect 
vacuum. 

These units originate from the use of a barometer. The basic barometer is an 
evacuated vertical tube with its top end closed and the open bottom placed in an 
container of mercury open to the atmosphere. The pressure or “weight” exerted 
by the atmosphere on the open container forces the mercury up into the tube. For 
standard conditions at sea level, this pressure will support a column of mercury 
29.92 in (759.92 mm) high. In pressure units, this becomes 14.69 psi and 101.4 
kPa. For practical purposes and ease of calculations in the United States, 29.92 is 
commonly increased to read 30.00 in (760 mm). 

Local barometric pressure, which is variable, is the prevailing pressure at any 
specific location. This should not be confused with standard atmospheric pressure, 
always a constant, which is mean barometric pressure at sea level. 
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TABLE C16.1 Basic Vacuum Pressure Measurements 


Units 


Negative gauge KiloPascals 
pressure, psig Absolute pressure, psia Inches of mercury, absolute 


14.7 101.4 
Atmospheric pressure at sea level 
94.8 
87.5 
74.9 
59.5 
46.2 
32.5 
17.5 
10.0 
1.0 
0 


Perfect vacuum (zero reference pressure) 


Vacuum pressures in IP units generally used in the United States fall into three 
general categories: 
1. Rough (or course) vacuum, up to 28 in Hg 
2. Medium (or fine) vacuum, up to 1 micron 
3. Ultrahigh vacuum, greater than one micron 


Inother parts of the world, the categories are often classified as follows in SI units: 


Rough vacuum, 760 to 1 torr 


1. 
2. Medium vacuum, greater than 1 to 10? torr 
3. High vacuum, 10 to 107” torr 

4. 


Ultrahigh vacuum, greater than 1077 


Conversions. Tables C16.1 and Table C16.2 presents different basic IP and SI 
vacuum pressure conversion units commonly used for calculations and by equipment 
manufacturers. Table C16.3 gives numerical conversion multipliers for converting 
torr into various other vacuum pressure units. 


Conversion of SCFM to ACFM (NL/S TO AL/S) 


For the most accurate method of converting scfm to acfm in IP units with a given 
pressure of in Hg (kPa) and temperature in F? (°C), use the following formula: 


30.00 T +460 
acfm — scfm — — X IT (C16.1) 
P 520 


where P — Actual pressure, in Hg, for the scfm being converted. 
T = Actual temperature in °F for the scfm being converted. 


COMPRESSED GASES AND VACUUM SYSTEMS FOR LABORATORIES C.805 


TABLE C16.2 Basic Vacuum Pressure Conversion 


KPa ABS In Hg abs. psia KPa ABS | In Hg abs. 


101.4 
97.9 
94.5 
91.5 
87.77 
84.39 
81.01 


e 


29.92 14.70 43.71 12.92 
28.92 14.2086 40.33 11.92 
27.92 13.7173 36.95 10.92 
26.92 13.2260 33.57 9.92 
25.92 12.7347 30.20 8.92 
24.92 12.2434 26.82 7.92 
23.92 11.7521 2327 6.92 
77.63 22.92 11.2608 19.99 5.92 
74.19 21.92 10.7695 16.61 4.92 
70.81 20.92 10.2782 13.23 3.92 
67.43 19.92 9.7869 9.85 2.92 
64.05 18.92 9.2955 6.48 
60.67 17.92 8.8042 3.10 
57.29 16.92 8.3129 2.36 
53.91 15.92 7.8216 1.35 
50.54 14.92 7.3303 0.61 
47.09 13.92 6.8390 0 


CADNPWNFR 


For practical purposes, a numerical method for solving Eq. C16.1 can be used 
if the temperature is assumed to be 60°F (18°C). At that temperature, the second 
part of the equation becomes unity. Table C16.4 gives numerical values for 29.92/ 
P. To find acfm, multiply the scfm by the value found opposite the calculated result 
of 29.92/P. Table C16.5 is a direct ratio for converting scfm to acfm knowing only 
the pressure. 

To convert acfm into nl/s, multiply acfm by 0.472. 


General Vacuum Criteria 


Adjusting Vacuum Pump Rating for Altitude. The vacuum pressure rating of a 
pump at altitude is a lower percentage of its rating at sea level. For each 1,000 ft 


TABLE C16.3 Conversions From Torr to 
Various Vacuum Pressure Units 


0.0010 torr = 1 micron (umHg) 

0.0075 torr = 1 pascal (Pa) 

0.7501 torr = 1 millibar (mbar) 

1.000 torr 1 mm mercury (mmHg) 
1.868 torr 1 in. water at 4°C (in. H,O) 


25.40 torr 1 in. mercury (in. Hg) 

51.71 torr 1 Ib/in? (psi) 

735.6 torr 1 tech. atmosphere (at) 
750.1 torr 1 bar 

760.0 torr = 1 standard atmosphere (atm) 
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TABLE C16.4 Expanded Air Ratio (29.92/P) as a Function of Pressure, P, in Hg 


29.92 29.92 
P P 


3.0161 37.40 
3.3542 42.0742 
3.7777 49.8667 
4.3236 59.84 


5.0540 f 74.80 

6.0813 : 99.7334 

7.6326 149.60 
10.2465 299.20 
15.5833 
32.5217 


1 in Hg = 3.38 KPa 


(304 m) increase in altitude, atmospheric pressure drops by approximately 1 in Hg 
(3.38 kPa). Refer to Table C16.6 for actual barometric pressure at various altitudes. 

As an example, for the city of Denver at 5,000 ft (1520m), the local atmospheric 
pressure is 24.90 in hg (84.1 kPa). Dividing 24.90 (local barometric pressure into 
30 gives a percentage of 83.3 percent. If a pump is rated at 25 in Hg (84.25 kPa) 
at sea level, 83.3 percent of 24.90 (84.1 kPa) equals 20.8 in Hg (70 kPa) at 5,000 
feet (304 m). Therefore, a pump rated by the manufacturer at 25 in Hg at sea level 
would be rated at 20.8 in Hg at Denver. 

At altitudes above sea level, there is a reduction in the flow rate delivered 
because of the difference in local pressure compared to standard pressure. The 
flow rate must be increased to compensate for this difference. Table C16.7 presents 
a multiplication factor to accomplish this. To find the adjusted scfm (nl/s), multiply 
the actual scfm (nl/s) by the factor found opposite the altitude where the project 
is located. 


TABLE C16.5 Direct Ratio for Converting scfm to acfm (nl/s to al/s) 


inHg KPa abs. Factor inHg KPa abs. Factor 

1 16 47.09 2.15 
2 94.5 1.1 17 43.71 2.3 
3 91.15 1.1 18 40.33 25 
4 87.77 1.15 19 36.95 2.73 
5 84.39 12 20 33.57 3 
6 81.01 1.25 21 30.20 3.33 
7 77.63 1.3 22 26.82 3.75 
8 74.19 1.35 23 23.37 4.28 
9 70.81 14 24 19.99 5 

10 67.43 1.5 25 16.61 6 

11 67.05 1.55 26 13.23 7.5 

12 60.67 1.62 27 9.85 10 

13 57.29 1.75 28 6.48 15 

14 53.91 1.85 29 3.10 30 

15 50.54 2.0 29.92 0 60 
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TABLE C16.6 Barometric Pressure in Inches of Mercury (kPa) 
Corresponding to Altitude 


Altitude 
(sea level equals zero) Barometric Pressure 


Inches of mercury KPa 


31.00 104.5 
30.50 102.8 
sea level 29.92 100.8 
29.39 99.0 
28.87 97.3 
28.33 95.5 
27.82 93.7 
27.31 92.0 
26.81 
26.32 
25.85 
25.36 
24.90 
24.43 
23.98 
23.53 
23.10 
22.65 
22.22 
21.80 
21.39 
20.98 
20.58 


TABLE C16.7 Factor for Flow Rate Reduction Due to Altitude 


Meters Altitude (feet) Factor used for required scfm 


0 1.0 
152 500 1.02 
304 1,000 1.04 
456 1,500 1.06 
608 2,000 1.08 
760 2,500 1.10 
912 3,000 1.12 
1064 3,500 1.14 
1216 4,000 1.16 
1520 5,000 1.20 
1824 6,000 1.25 
2128 7,000 1.30 
2432 8,000 1.35 
2736 9,000 1.40 
3040 10,000 1.45 
3344 11,000 1.51 


1 CFM = 0.472 l/s 
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Time for Pump to Reach Rated Vacuum. The time a given pump will take to 
reach its rated vacuum pressure depends on the volume of the system in cubic feet 
and the capacity of the pump in scfm at the vacuum rated pressure. But simply 
dividing the system volume by the capacity of the pump will not produce an accurate 
answer. This is because the vacuum pump does not pump the same quantity of 
air at different pressures. There is actually a logarithmic relationship that can be 
approximated by the following formula: 


r N (C16.2) 
Q 
where T = time in minutes 
V = Volume of system in cubic feet (cubic meters) 
Q = Flow capacity of pump in scfm (l/s) 
N = Natural log constant 
for vacuum up to 15 in Hg - N = 1 
for vacuum up to 22.5 in Hg — N = 2 
for vacuum up to 26 in Hg - N = 3 
for vacuum up to 28 in Hg — N = 4 


In order to obtain the most accurate answer, obtain pump curves from the 
manufacturer and substitute the scfm capacity for the pump at each 5 in Hg (17 
kPa) increment. Add them together to find the total time. The selection of the 
value for N depends on the highest level of system vacuum pressure and is constant 
throughout the several calculations. 


Adjusting Pressure Drop for Different Vacuum Pressures. The chart for friction 
loss in a vacuum pipe presented later in this section is based on 15 in Hg. For a 
given scfm and pipe size, the pressure loss at any vacuum pressure other than the 
15 in Hg the medical/surgical vacuum sizing chart was developed for can be found by 
dividing the pressure drop in the chart by the ratio found from the following formula: 


30 — new vacuum pressure 
15 


(C16.3) 


Simplified Method of Calculating Velocity. Use the following formula to find the 
velocity of a gas stream under a vacuum in IP units: 


V-CxQ (C16.4) 


where V — Velocity in fpm 
C = Constant based on pipe size (refer to Table C16.8) 
Q = Flow rate in acfm, based on an absolute vacuum pressure 


As an example, calculate the velocity of 100 scfm through a NPS 2 (DN50) pipe 
with a pressure of 20 in Hg: 


1. First, find the equivalent absolute pressure of 20 in Hg. Using Table C16.2, read 
9.92 in Hg abs. 

2. Convert 100 scfm to acfm at a pressure of 9.92 in Hg abs by using Table C16.5 
Opposite 10 in Hg read 1.5. 


100 x 1.5 = 150 acfm 
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TABLE C16.8 Constant for Finding Mean Air Velocity 


Schedule 40 Schedule 40 


DN DN 


(12) (65) 
(15) (80) 


(20) (90) 
(25) (100) 
(32) (125) 
(40) (150) 
(50) (200) 


3. Refer to Table C16.8 to obtain C. This table has been developed from flow 
characteristics of air in schedule 40 steel pipe. Opposite NPS 3 (DN80) pipe 
read 19.53. When using copper pipe, increase velocity by 5 percent. 


4. V = 150 x 19.53 
V (steel pipe) — 2930 fps. 
V (copper pipe) 2,930 x 1.05 = 3076 fps 


Vacuum Work Forces. The total force of the vacuum system acting on a load is 
based on the vacuum pressure and the surface area on which the vacuum is acting. 
This is expressed in the following formula: 


F=PxA (C16.5) 


Where F = Force, lbs (Newtons) 
P — Vacuum pressure, in psia (kPa abs) 
A — Area, in square inches (mm) 


Since this formula is theoretical, it is common practice to use a safety factor in 
the range of 3 to 5 times the calculated force to compensate for the quality of the 
air seal and other factors such as configuration of the load and outside forces such 
as acceleration. 


CLASSIFICATION OF SPECIALTY 
COMPRESSED GASES 


Compressed gases are classified into the following general categories: 


1. Oxidizers. These gases are nonflammable but support combustion. No oil or 
grease is permitted to be used with any device that uses these gases. Combustibles 
shall not be stored near these gases. Oxygen is an example. 

2. Inert gases. These are gases that do not react with other materials. If released 
into a confined space, they will reduce the oxygen level to a point that asphyxia- 
tion could occur. Storerooms should be provided with oxygen monitors and be 
well-ventilated. 


3. Flammable gases. These are gases that, when combined with air or oxidisers, 
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will form a mixture that will burn or possibly explode if ignited. Flammable 
mixtures have a range of concentration below which they are too lean to be 
ignited, and above which the mixture is too rich to burn. The most often used 
figure is the lower explosive level (LEL), which is the minimum percent, by 
volume, that will form a flammable mixture at normal temperatures and pres- 
sures. The high level setting for alarms is generally one half of the LEL, with 
warnings issued at one forth of the LEL. The area where flammable gases 
are stored must be well ventilated, use approved electrical devices suitable for 
explosive atmospheres, and restrict all ignition sources. Flammability limits and 
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specific gravity for common gases are given in Table C16.9. 


TABLE C16.9 Flammability Limits and Specific Gravity for 


Common Gases 


Flammability 
in air, 
% volume 

Gas Specific gravity Low High 
Acetylene 0.906 25 100 
Air 1.00 — — 
Ammonia 0.560 15 28 
Argon 1.38 — — 
Arsine 2.69 5.1 78 
Butane 0.600 1.8 8.4 
Carbon dioxide 1.52 — — 
Carbon monoxide 0.967 12.5 74 
Chlorine 2.49 — — 
Cyclopropane 0.720 2.4 10.4 
Ethane 1.05 3.0 12.4 
Ethylene 0.570 2.7 36 
Ethyl chloride 222 3.8 15.4 
Fluorine 1.31 — — 
Helium 0.138 — — 
Hydrogen 0.069 4.0 75 
Hydrogen sulfide 1.18 4 44 
Isobutane 2.01 1.8 9.6 
Isopentane 2.48 
Krypton 2.89 — — 
Methane 0.415 5.0 15 
Methyl chloride 1.74 10.7 17.4 
Natural gas 0.600 
Neon 0.674 — — 
Nitrogen 0.966 — — 
Nitrous oxide 1.53 — — 
Oxygen 1.10 — — 
Phosgene 1.39 — — 
Propane 1.580 2.1 9.5 
Silane 1.11 1.5 98 
Sulphur dioxide 2.26 — — 


Xenon 


4.53 
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TABLE C16.10 Gas Categories 
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Compressed | Liquefied 
Gas gas gas Oxidant | Inert | Corrosive | Toxic 

Acetylene (1) 
Air X X 
Allene X 
Ammonia X X X 
Argon X X 
Arsine X (3) 
Butane X 
Carbon dioxide X X (2) 
Carbon monoxide X X 
Chlorine X X (2) (3) 
Cyanogen X (3) 
Cyclopropane X 
Deuterium X 
Ethane X 
Ethyl chloride X 
Ethylene X 
Ethylene oxide X (4) 
Fluorine X X (3) 
Helium X X 
Hydrogen X 
Hydrogen bromide X (2) (3) 
Hydrogen chloride X (2) (3) 
Hydrogen fluoride X X (3) 
Hydrogen sulfide X (3) 
Isobutane X 
Neon X X 
Nitric oxide X X (2) (3) 
Nitrogen X X 
Nitrogen dioxide X X (2) (3) 
Oxygen X X 
Phosgene X (3) 
Phosphine X (3) 
Propane X 
Propylene X (3) 
Silane X (3) 
Sulfur dioxide X (2) (3) 
Vinyl bromide X X 
Vinyl chloride X (5) 
Xenon X X 

(1) Dissolved in solvent under pressure. Gas may be unstable and explosive above 15 psig. 

(2) Corrosive in presence of moisture. 

(3) Toxic—it is recommended that the user be thoroughly familiar with the toxicity and other properties 


of this gas. 


(4) Cancer suspect agent. 
(5) Recognized human carcinogen. 
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4. Corrosive gases. These are gases that will attack the surface of rubber, metals 
and other substances and also damage human tissue upon contact. 


5. Toxic and poisonous gases. These are gases that will harm human tissue by 
contact or inhalation. Protective clothing and equipment must be used. 


6. Pyrophoric gases. These are gases which spontaneously ignite upon contact with 
air under normal conditions. 


7. Cryogenic. Gases that are stored as a cold liquid under pressure and vaporized 
in order to be used as a gas. 


The categories of various gases are given in Table C16.10. 


GRADES OF SPECIALTY GASES 


There are many grades of pure and mixed gases available. Since there is no industry- 
recognized standard grade designation for purity, each supplier has their own indi- 
vidual designations. It is possible for the same gas used for different purposes to 
have a different designation for the same purity. The end-user must be consulted 
for the maximum acceptable level of the various impurities based on the proposed 
type of instrument used and the analytical work to be performed. The supplier 
must then be informed of these requirements in order to determine the grade of gas 
they will supply that meets or exceeds the allowable presence of various impurities. 

The following list, although not complete, covers some manufacturers' designa- 
tions for different grades of gases available. There are additional grades for specific 
instruments, such as “Hall” grades of gases. 


. Research grade 

. Carrier grade 

. Zero gas 

. Ultra zero 

. Ultra high purity plus 
. Ultra high purity 

. Purified 

USP 


P doo Und o nE 


STORAGE AND GENERATION OF GASES 


Cylinder Storage 


Where the anticipated gas usage does not require the installation of a cryogenic 
bulk supply, it is more convenient and less expensive to have gases compressed 
and stored in cylinders. Cylinders are available in various pressure ratings, with 
nomenclature different between the several manufacturers. The high-pressure cylin- 
der has gas stored at pressures ranging to 6000 psig (410 bar), with the most 
common pressures between 2000 and 2500 psig (140 and 175 bar). The low-pressure 
cylinder has gas pressures up to about 480 psig (34 bar). The most common size 
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high-pressure cylinder contains about 350 cubic feet (10.5 cubic meters) of gas, with 
the exact amount depending on the actual cylinder volume and specific gas 
stored. 

Cylinders do not have a standard designation from one supplier to another. If 
the actual cylinder capacity of any compressed gas must be determined in terms 
of the actual free air stored at a higher pressure, it can be found by using the 
following formula for IP units: 


CP 
VG -——xCV (C16.6) 
14.7 


where VG = volume of gas stored at the higher pressure, in cubic feet 
CP = actual cylinder pressure, psig, obtained from the supplier 
CV = actual cylinder volume, in cubic feet. 


Cylinders are available in many sizes and pressure ratings. Refer to manufactur- 
ers’ catalogs for exact dimensions. They are available in four general categories. 
The first is plain carbon steel. The second is called the ultraclean tank, which is 
made of a slightly different alloy steel and in addition, has been completely cleaned, 
prepared, and dried to reduce contaminants in the cylinder. The third classification 
is aluminum tanks. The tank interior has been specially prepared, and the walls 
treated to maintain stability and reduce particulates. Aluminum is used for cleanli- 
ness and for gases that will react with steel. In many cases, the exterior is also 
treated in order to be more easily kept clean, such as required for clean room 
installations. The fourth type of cylinder is made of stainless steel, which is often 
used for ultrapure gases. 

The following are general recommendations for the installation and storage 
of cylinders: 


1. The room or area in which cylinders are placed shall have adequate ventilation, 
be free of combustible material, and be separated from sources of ignition. 
Generally, a one- or two-hour fire rated wall is required around flammable gas 
storage. Check with local authorities for requirements. 


2. Consideration should be given for additional space required for storage of 
empty cylinders. 


3. Enough room should be allowed for the easy changing of cylinders. They are 
brought in on a hand truck or cart, and room should be allowed for maneuver- 
ing. 


4. Gas cylinders shall be individually secured against falling by means of floor 
stands, wall brackets, or bench brackets. These brackets use straps to attach the 
cylinder to the bracket. Also available are floor racks and stands that can be 
provided for the installation and support of cylinders that can't be located 
near walls. 


5. When toxic or reactive gasses are used, the cylinders should be placed in a gas 
cabinet. The basic purpose of the cabinet is to isolate the cylinder(s), contain 
gases in the event of a leak, and direct those gases away from the immediate 
vicinity of the cylinder and cylinder storage area to a point outside the building 
where they are diluted with the outside air. The cabinet could also contain panel- 
mounted manifolds, purging equipment, and other devices to allow some degree 
of control of operating parameters. Typical cabinet construction is 11-gauge 
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painted steel or thicker to give a one-half-hour fire rating. They could also be 
provided with vertical and horizontal adjustable cylinder brackets. The following 
options are available for a cylinder cabinet: 


Automatic shutoff of the gas in the event of a catastrophic failure. 
Purging of gas lines after cylinder changes. 


Mechanical cabinet exhaust. A typical system is designed for 13 air changes per 
minute with the access window open. 


A sprinkler head for flammable gases. A typical head should be rated at 135°F 
(55°C), with a minimum water pressure of 25 psig (172.5 kPa). 


For toxic and reactive gases, a small operable access window could be provided 
to operate valves without having to open the main door and compromising the 
exhaust system. A fixed access window is acceptable for inert gases. 


When more than one cylinder is used to supply a system, the multiple arrange- 
ment is referred to as a bank of cylinders. The bank of cylinders actually supplying 
the facility is called the primary bank. A second bank that will be used when the 
primary bank is exhausted is called the secondary bank. If there is another bank 
that is used only for emergency purposes, those cylinders are called the reserve bank. 

Cylinders in a bank are connected together by a header and controlled by a 
manifold assembly.'The arrangement of the cylinders is chosen by the space available 
for the installation and the relative ease desired for the changing of cylinders. The 
space typically required for various cylinder arrangements is shown in Fig. C16.1. 
Any additional space between banks of cylinders required for specialized devices 
such as manifold controls, purging devices, filters, and purifiers should be added 
to the cylinder-bank dimensions. These additional dimensions shall be obtained 
from the equipment manufacturer. 


Specialty Gas Generators 


In some cases, it is more desirable for a small facility to generate its own high- 
purity specialty gases rather than have them supplied in cylinders. There are a 
limited number of gases for which anticipated volume allows this choice in laboratory 
or research facilities. Among them are nitrogen, hydrogen, helium, and compressed 
air. The generating units have their own filters and purifiers that can create gases 
of ultrahigh purity. In particular, the use of these units for generation of hydrogen 
eliminates flammable cylinders in the laboratory or separate storage areas, and 
keeps the actual amount of gas stored below that capable of exploding. 

Depending upon the type of generator and the type of gas generated (except 
compressed air), pressures are available to about 60 psig (414 kPa), and flow rates 
of up to 300 cubic centimeters per min are common. Compressed air generators 
are available that will deliver up to 20 scfm (9.5 l/s) and 100 psig (690 kPa). 

This type of unit is ideally suited for analytical purposes in widely separated 
areas of use, where the installation of cylinders is inconvenient and the changing 
of cylinders may cause disruption of continuing work. The operating cost is low, 
but the initial cost is high. However, the payback period is short compared to 
using cylinders. 

Depending on the type of gas generated, many of these units take their air 
supply from the room they are installed in, and others require a connection to a 
separate compressed air supply. 
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ARRANGEMENTS 


-——— 5'84" To Wall 


5-0" To Wall -~< 


Straigh! Type Staggered 
Manifold Type Manifold 


DIMENSIONAL DATA, FT? 
CYLINDERS PER BANK DIMENSION “B” 


2 Banks Of 2 Each 50" 4-6" 
2 Banks Of 3 Each 6-8" 5-8" 
2 Banks Of 4 Each 8'-4" 6'-10" 
2 Banks Of 5 Each 10-0" 80" 
2 Banks Of 6 Each 11-8" 9-2" 
2 Banks Of 7 Each 134" 104" 
2 Banks Of 8 Each 15-0" 116" 
2 Banks Of 9 Each 16*-8" 12'-8" 
2 Banks Of 10 Each 18'-4" 13'-10" 
2 Banks Of 12 Each 218" 16'-2" 


a 1 FT = 0.304 m 
FIGURE C16.1 Typical arrangements dimensions for cylinder installations. 


GAS DISTRIBUTION SYSTEM COMPONENTS 


Manifolds 


A manifold is an assembly used to connect multiple cylinders or banks of cylinders 
together. This assembly usually contains regulators, changeover devices, shut-off 
valves, gauges, and so forth. Manifold components shall be compatible with any 
specific gas being used. A header (a pipe undiminished in size) manifold with 
individual shut-off valves and connecting pigtail is used to physically connect several 
cylinders to a changeover manifold. The most-often-used materials for the header 
manifold, interconnecting pipe, and fittings are brass and stainless steel, with stain- 
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cylinder cylinder 

bank bank 


Courtesy Scott 
FIGURE C16.2 Typical manifold assembly. 


less steel flexible connections connecting the cylinders to the header. Changeover 
can be accomplished by manual, semiautomatic, or fully automatic methods. 

A typical manifold assembly is illustrated in Fig. C16.2. Exact manifold dimen- 
sions vary and should be obtained from the manufacturer. A typical single-cylinder 
installation detail is shown in Fig. C16.3. 


Regulators 


A regulator is a device used to reduce a variable high inlet pressure to a constant 
lower outlet pressure. There are two broad categories of regulators: cylinder regula- 
tors and line regulators. Cylinder pressure regulators are used on high-pressure 
cylinders to reduce high-pressure gases, generally in the range of 2000 to 6000 
psig (140 to 410 bar), to a lower pressure. Line regulators are used to reduce an 
intermediate pressure, generally in the range of 150 to 250 psig (1035 to 1725 kPa) 
to the working pressure of the distribution system. They are also used on cryogenic 
tanks to reduce the pressure of the vapor above the cold liquid. Depending on the 


purity of the gas, an integral inlet filter should be considered to keep particulates 
from entering the regulator. 
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Note: Not all accessory devices are required for all 
installations 


FIGURE C16.3 Typical single-cylinder installation. 


The following are considerations used in the selection of a regulator for a 


specific purpose: 


1. 
2. 
3. 


4. 


The regulator should have a positive gas vent. 

The regulator must be rated for the highest possible working pressure. 

The operating temperature must be compatible for the environment where the 
valve is located. 


The valve body and internal materials should be selected for the specific purity 
of the desired gas. High-purity regulators shall have little dead space internally 
and diaphragm seals consistent with the required purity. 

The pressure range of the gauges must be compatible with the pressures expected. 
As an ideal, the working pressure should be one-half the maximum outlet 
gauge reading. 


Filters and Purifiers 


Filters and purifiers are necessary to reduce or eliminate specific unwanted contami- 
nants and particulates in the gas stream. The most common purifiers are those used 
to remove oxygen, water vapor, hydrocarbons, and particulates. They are also used 
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to eliminate other unwanted trace elements. There are a number of materials used 
for filters: 


1. To remove hydrogen, palladium filters are used. 


2. Ceramic, fiberglass, sintered metal, and other adsorbent materials are used to 
remove oil, moisture, and other trace contaminants. 


3. A molecular sieve is a synthetically produced crystalline metal powder that has 
been manufactured specifically for adsorption. 


4. The 0.2 micron size filter to remove particulates is the most commonly used 
filter in laboratory service. This size absolute filter will also remove all living or 
dead organisms. 


5. The housing has to be compatible with the gas being filtered and the pressure in- 
volved. 


6. Pressure drop through the filter medium is a critical factor in the selection of 
the material used. 


7. It is not possible to improve the purity of a gas with the use of purifiers. If a 
gas of a certain purity is required, a gas of that grade must be used from the outset. 


The exact arrangement of purifier devices shall be obtained from the various 
manufacturers. Not all of the devices dicussed will be required for all installations. 


Gauges 


Gauges for pressures up to 10 psig (69 kPa) are usually the diaphragm-sensing- 
element type. For pressures over 10 psig (69 kPa), use the bourdon type. They 
should be cleaned for oxygen service and the materials must be compatible with 
the intended gas. Provide a small gas cock between the pipeline and the gauge to 
shut off the flow and allow the gauge to be replaced without having to shut down 
the system. 


Relief Valves 


Relief valves are used to protect a system from overpressure. A relief valve must 
be provided between the regulator and the first shutoff valve in the system, with 
the discharge independently piped outdoors, Multiple discharges from a single gas 
source, including the manifold and regulators, may be connected together but shall 
not be connected to the relief discharge from any other system. The discharge pipe 
should be a minimum size of NPS ?4 (DN 20). The relief valve shall be located at 
the first point in the system that could be subject to full cylinder pressure if the 
regulator should fail. There shall be no valve between the relief valve and the 
regulator. The relief valve set point should be set to 25 percent over working 
pressure. This is a safe figure because the system test pressure is 50 percent over 
working pressure. Typical relief vent piping is illustrated in Fig. C16.4. 


Flow Limit Shutoff Valve 


A flow limit shutoff valve automatically shuts off the flow from a cylinder if that 
flow rate exceeds a predetermined limit, usually about 10 times the highest expected 
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FIGURE C16.4 Typical relief vent arrangement. 


flow rate. This valve must be manually reset after operation. A typical flow limit 
valve location is shown in Fig. C16.3. 


Flash Arresters 


Flash arresters are required when the gas being used is flammable, particularly 
hydrogen and acetylene. They are mounted in-line to prevent any flame from going 
back into the tank in the event that gas in the delivery piping system has ignited. 
It is standard procedure that a check valve be made an integral part of a flash 
arrester. A typical flash arrester location is shown in Fig. C16.3. 


Manifold and Regulator Purge Devices 


The replacement of cylinders introduces unwanted room air into the piping manifold 
assembly and the connecting cylinder pigtails. When maintaining high purity is 
necessary, purge valves are installed to run system gas through the contaminated 
parts of the system to replace all such air. The purge valve outlet should be vented 
outside the building. If the gas is suitable and low enough in volume, and the storage 
room is large enough and well ventilated, it could discharge into the room since 
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the purge volume used is generally quite small. The regulator often requires special 
purging techniques recommended by the manufacturer. 


Flow Measurement Devices 


Flow rates are measured by two types of meters; mechanical or electronic. The 
mechanical type is called a variable area type, and uses a small ball as an indicator 
in a variable-area vertical tube. 

The electronic meters are often called mass flow meters. They operate by using 
the difference in temperature that gas creates when flowing over a heated element. 


Gas Warmers 


On occasion, some gas in cylinders is withdrawn so fast that the temperature is 
lowered, causing the regulator to ice up because of the sudden change in tempera- 
ture. To prevent this, an electrically heated gas warmer is available that is installed 
in-line, and which heats the gas leaving cylinder before it reaches the regulator. If 
a gas is subject to ice-up, a warmer should be considered if the flow rate exceeds 
35 acfm (16.5 nl/s). The actual figure should be based on experience with the specific 
type of gas being used. Ask the supplier what their experience has been. Carbon 
dioxide is of particular concern. 


Low-Temperature Cutoff 


On occassion, the temperature of the delivered gas is a critical factor. If low tempera- 
ture could harm instruments or interfere with procedures being conducted, a low- 
temperature cutoff should be installed with a solenoid valve to stop the flow of 
gas. If this happens often, a gas warmer might be required. 


Alarms 


Alarms are necessary for the user to be made aware of immediate or potential 
trouble as well as normal operation. They could be visible and/or audible. Usual 
alarms are high system pressure, low system pressure, secondary bank in use, reserve 
in use, and reserve pressure low. Low cylinder pressure is usually set at 500 to 600 
psig (34.5 to 40.8 bar) for 2500 psig (170 bar) cylinders. In some installations, a 
normal light is also desirable. Other alarms could be provided that will indicate 
high-pressure loss at filters, low gas temperature, purifiers at limit of capacity, and 
flow limit valve operation. These alarms are usually installed in an alarm panel. 
The panel could be mounted in the room where the gases are stored, in a constantly 
occupied location such as a maintenance shop or receptionist area, or in the labora- 
tory itself, depending on the availability and level of maintenance. Often multiple 
locations are desirable if continued supply of gas is critical. 

Various in-line devices must be placed in the system for these alarms to function, 
such as a pressure switches, transducers, and auxiliary contacts to transmit the alarm 
signal to the alarm panel. 
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Toxic and Flammable Gas Monitors 


If there is the possibility for toxic or flammable gas to accumulate in an enclosed 
area or room, a gas monitor shall be installed to activate if the percentage of gas 
rises above a predetermined limit considered harmful or dangerous. This should 
be 50 percent of either the lower flammability limit (LFL) or the concentration 
that may cause ill effects or breathing problems. The oxygen concentration of 
ambient air should never be allowed to fall below 19.5 percent. In addition, much 
lower levels should also be alarmed to indicate that a problem exists well before 
evacuation of an area is required. Refer to Table C16.9 for the flammability limits 
and specific gravity of some of the more common gases. 


Gas Mixers 


Gas mixers are used to accurately combine different gases in various proportions. 
The accuracy of the mixture, flow rates of the various gases, and the compatibility 
of the piping materials with the gases are considerations in the selection of the mixer. 
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System Pressure 


It is generally accepted practice to have an initial pressure of 50 to 55 psig (345 to 
379.5 kPa) set by the line pressure regulator in the piping distribution system after 
all source devices. The lowest pressure available at the most remote outlet or use 
point is generally in a range of 40 to 45 psig (276 to 310.5 kPa). Generally accepted 
practice is to allow approximately 10 percent of initial pressure for friction loss in 
the entire piping system. This figure should be adjusted for specific conditions or 
special systems if necessary. 


Pipe Material Selection 


The piping material must be compatible with the specific gas, capable of delivering 
the desired gas purity for anticipated usage, and capable of being cleaned and/or 
sterilized often, if required. For compatibility of various piping materials for various 
gases, refer to the gas producer or the supplier of the gas. 

The pipe most often used to maintain the highest purity is grade 304L or 316L 
stainless steel tubing conforming to ASTM A270. The interior should be electropoli- 
shed to a minimum of 150 grit, and the exterior mill-finished in concealed spaces. 
In exposed locations and where the pipe exterior will be sterilized or cleaned, the 
pipe exterior should have a No. 4 finish in conformance with the American Iron 
and Steel Institute (AISI) publication “Finishes for Stainless Steel." The pipe is 
joined by orbital welding. It is recommended that tube to be welded have a minimum 
wall thickness of 0.065 in (1.65 mm) in order to be easily welded. Thinner walls 
could be used if recommended by the orbital welding equipment manufacturer. 
Stainless steel pipe is capable of withstanding repeated sterilization by steam and 
a variety of chemicals. When welding is not required, a tube wall thickness of 0.028 
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in (0.7 mm) is commonly used. The total installed cost of welded stainless steel is 
often less than that of cleaned copper tube in the smaller sizes. 

In many laboratory applications, maintaining ultrahigh purity of a gas from 
storage tank to the outlet is not a requirement. For this type of service, ASTM 
B819 copper tube and fittings that have been cleaned for oxygen service and joined 
by brazing often have the least initial cost and are the material of choice. The 
following grades of copper pipe are used: 


1. ASTM B88, Copper Water Tube. Standard water tube where high purity is not 
an important consideration. 


2. ASTM B819, Copper Tube for Medical Gas Systems. Standard water tube 
cleaned for medical gas use. 


3. ASTM B75, Seamless Copper Tube. Used for capillary tubing. 


4. ASTM B280, Seamless Copper Tube for Air Conditioning and Refrigeration 
Field Service. Nonstandard size, cleaned for air-conditioning and refrigeration 
service. This is often referred to as ACR tubing. 


Another pipe material often used for compatibility reasons is aluminum tubing, 
ASTM B210, Alloy 6061, T4 or T6 tempers. This tubing is most commonly joined 
using the patented flare joint. 


Valves 


The valves used in laboratory systems are not required to conform to any specific 
code. Compatability, pressure limits, cost, and suitability for their intended purpose 
are the only criteria used for the selection of the most appropriate valves. Check 
valves shall have a soft seat in order to prevent leakage during backflow conditions. 

The most often used shutoff-type valves are ball valves. Three-piece ball valves 
are the most desired ones because the body can be separated from the end connec- 
tions when being installed and serviced, and removed during installation to prevent 
burning of the seals. For control and modulating purposes, needle valves are used 
because of the precise level of control permitted. The materials of the valve and 
seals must be compatible with the gas used. 

For specialty applications, there are diffusion-resistant valves, which reduce or 
prevent unwanted gases from entering the system through the packing. Where purity 
is a major consideration, packless and bellows-sealed diaphragm valves are available. 

Swing-type check valves with soft seats are used to prevent the reverse flow of 
gas. A typical installation detail showing check valve location is shown in Figs. 
C16.3 and C164. 


Joints 


The most often used joints for copper tubing are brazed. No flux is permitted and 
only cast copper fittings conforming to ASTM B16.18 should be used, which require 
no flux. The interior of the joint shall be purged with an inert gas, such as argon 
or carbon dioxide, to eliminate generation of copper oxide and particlulates into 
the gas stream during the brazing process. For stainless steel pipe, orbital welding 
leaves the smoothest effectiveness interior. 

Another type of joint, used mostly on small size pipe because of its cost effective- 
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ness, is the patented flared joint. In addition, the flared joint is popular because it 
can be made up by unskilled workman using only a saw and some wrenches. 
When copper tubing is used with a flared joint, the pipe shall not have embossed 
identification stamped into the pipe because it causes leaks at the joint. There is 
no ASTM designation for the patented flare type joints, but they are acceptable 
for all applications as long as the allowable pressure ratings are not exceeded. 


Maintaining Cleanliness and Purity During Construction 


Copper fittings and various valve types specifically cleaned for medical service can 
be purchased from manufacturers and delivered to the job site capped and bagged 
to maintain cleanliness. If a fitting becomes dirty prior to being installed, it should 
be cleaned in accordance with NFPA99 requirements, Standard for Health Care 
Facilities, before being made part of the system. During construction, the greatest 
threat to cleanliness is dirt and dust entering the pipe during construction because 
it has not been capped to keep it out. 

When brazing joints, the cleanliness of the copper piping system shall be main- 
tained by not using flux and having the joint continuously purged with oil-free, dry 
nitrogen, thereby preventing the heat of the brazing process from generating copper 
oxide and depositing it on the inside of the joint. The flow of purge gas shall be 
continued until the joint is cool to the touch. 

Another concern in maintaining high purity of the gas is outgasing. This is a 
phenomenon where a gas under pressure is absorbed into any porous material. 
This occurs primarily in elastomers used as gaskets or seals, and to some lesser 
extent into metallic and plastic pipe and tubing materials. When the pressure is 
reduced or eliminated, such as when changing cylinder banks or during maintenance, 
the absorbed gases are spontaneously given off, adding impurities into the gas 
piping system. 


Pipe Sizing 
Following is a recommended system sizing procedure: 


1. Locate the gas storage area and lay out the cylinders, manifold, and so forth. 


2. Lay out the piping system from the storage area to the farthest outlet or use 
point. Measure the actual distance along the run of pipe to the most remote 
terminal and then add 50 percent of the distance to the measured run for a 
fitting allowance. This is called the equivalent run of pipe. 


3. Select all of the filters, purifiers, and so forth necessary for system purity in order 
to establish a combined allowable pressure drop through each of them and the 
assembly as a whole. 


4. Establish the gas pressure required at the farthest outlet. This determines the 
initial system pressure after the cylinder regulator. Calculate the appropriate 
friction loss allowance for the system. 

5. Divide the total run of pipe (in 100s of ft or 30 m) by the allowable friction loss 
to calculate the allowable friction loss in psig (kPa) per 100 ft (30 m) of pipe. 
This is to allow the use of the correct sizing chart. If other methods are used to 
find friction loss in the piping system, calculate the loss for that specific method. 


6. Determine the total connected flow rate of gas for all parts of the system. For 
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general laboratory use, a figure of 1 scfm (0.5 nl/s) for each outlet is used. 
Calculate the scfm (nl/s) of gas through each branch, from the farthest outlet back 
to the source (or main). For specific equipment, use the flow rate recommended by 
the manufacturer. 


Determine the diversity factor for the facility when sizing pipe in order to allow 
for the fact that not all outlets will be used at once. This will result in the actual, 
or weighed, flow rate. For specific specialty gas use, equipment, and areas, the 
diversity factor must be determined from the end-user. 

With all the above information available, the pipe can now be sized by using 
the appropriate tables and figures. Starting from the most remote point on the 
branch, proceeding forward to the main, calculate the actual flow rate using the 
diversity factor at each design point where new connections to the piping is made. 


TABLE C16.11 Laboratory Use Factors 
for Compressed Air 


No. of outlets % use factor 


Discussion 


1. 


The diversity (or simultaneous use) factor, which determines the maximum 
number of outlets in use at any one time, has a major influence in the sizing of 
the piping system. It has no exact method of being determined and is arrived 
at purely by judgment. Table C16.11 and Fig. C16.5 (calculated from Table 
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FIGURE CI16.5  Direct-reading compressed gas flow rate for labora- 
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FIGURE C16.6 Compressed-air sizing chart. % in (3 mm) copper tubing 100 
psig [700 kPa]. 


C16.11) have been developed for general laboratory use and are based on many 
years of experience. 

. A selection of charts and tables are presented for sizing compressed air pipe. 
Figures C16.6 and C16.7 are charts for small-sized capillary tubing often used 
to connect individual pieces of equipment to a branch pipe. Figure C16.6 is used 
to size ¥ in (3 mm) tubing, and Fig. C16.7 is for % in (6 mm) tubing. Table 
C16.12 is a sizing chart used for 2 in (13 mm) tubing and larger. Table C16.12 has 
been calculated using the Colebrook variation of the Darcy-Weisbach formula 
specifically for use with compressed air, type “L” copper pipe, and an initial 
pressure of 55 psig (380 kPa). Enter the table with the actual flow rate and the 
allowable friction loss. Find the flow rate in the table and then read across to 
find a friction loss figure that is equal to or less than the allowable friction loss. 
Read up the column up to find the size. In some cases, the diversity factor for 
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FIGURE C16.7 Compressed-air sizing chart. 1⁄4 in [6mm] copper tube, 100 
psig line pressure [700 kPa]. 


the next highest range of outlets may result in a smaller size pipe than the range 

previously calculated. If this occurs, do not reduce the size of the pipe—keep 

the larger size previously determined. In order to use this chart for other gases, 

pipe materials, and pressures, the following conversions will be necessary: 

a. Whenany gas with a specific gravity other than air (1.00) is used, an adjustment 
to the scfm (nl/s) will be required. Equation C16.7 shall be used to calculate 
a factor that will convert scfm (nl/s) in Table C16.12 from compressed air to 
the equivalent of any other gas or combination of gases. Multiply the calcu- 
lated factor by the compressed air flow rate to obtain the new flow rate for 
the gas under consideration. 


pa (C16.7) 


TABLE C16.12 Pressure Drop (psi) per 100 ft in 55 psi (380 KPa) 
Copper Tubing Type L 


SCFM NL/S ACM IN. 3A 1 1% 1% 2 2V5 3 4 
5 2.36 1.1 0.15 0.04 0.01 
10 4.72 2.2 0.51 0.13 0.04 0.01 
15 7.0 3.3 1.04 0.27 0.09 0.02 0.01 
20 9.5 4.3 0.45 0.14 0.04 0.02 
25 11.8 5.4 0.67 0.21 0.06 0.03 0.01 
30 14.1 6.5 0.93 0.29 0.08 0.04 0.01 
35 16.5 7.6 0.39 0.10 0.05 0.02 0.01 
40 18.9 8.7 0.449 0.13 0.06 0.02 0.01 
45 21.2 9.8 0.60 0.16 0.08 0.02 0.01 
50 23.6 10.9 0.73 0.20 0.09 0.03 0.01 
60 28.3 13.0 1.00 0.27 0.13 0.04 0.02 0.01 
70 33.0 15.2 0.36 0.17 0.05 0.02 0.01 
80 37.7 17.4 0.445 022 0.07 0.003 0.01 
90 42.5 19.5 0.56 0.27 0.08 0.03 0.01 
100 47.2 21.7 0.68 0.32 0.10 0.04 0.02 0.00 
110 52 23.9 0.81 0.338 0.12 0.05 0.02 0.01 
120 57 26.0 0.94 045 0.14 0.06 0.02 0.01 
130 61 28.2 1.00 0.52 0.16 0.07 0.02 0.01 
140 66 30.4 0.59 0.18 0.08 0.03 0.01 
150 71 32.6 0.67 0.20 0.09 0.03 0.01 
175 83 38.0 0.89 0.27 0.11 0.04 0.01 
200 55 43.4 1.13 0.34 014 0.05 0.01 
225 106 48.8 0.42 0.18 0.06 0.02 
250 118 54.3 0.51 022 0.08 0.02 
275 130 59.7 0.60 0.26 0.09 0.02 
300 142 65.1 0.71 0.30 0.11 0.03 
325 153 70.5 0.82 0.35 0.12 0.03 
350 165 76.0 0.94 0.40 0.14 0.04 
375 177 81.4 1.00 0.45 0.16 0.04 
400 189 86.8 0.51 0.18 0.05 
450 212 97.7 0.63 0.22 0.06 
500 236 108.5 0.76 027 0.07 
550 260 119.4 0.90 0.32 0.09 
600 283 130.2 1.00 037 0.10 
650 307 141.1 0.43 0.12 
700 330 151.9 0.49 0.13 
750 354 162.8 0.56 0.15 
800 378 173.6 0.68 0.17 
850 401 184.5 0.70 0.19 
900 425 195.3 0.78 = 0.21 
950 448 206.2 0.23 
1000 472 217.0 0.25 
1100 519 238.7 0.30 
1200 566 260.4 0.35 
1300 613 282.1 0.41 
1400 661 303.8 0.47 
1500 708 325:5 0.53 
Notes 


a. Values in table are for flows not exceding 4000 fpm 20 m/s vel. 


b. 1 PSI = 6.89 KPa 


c. Refer to App. E3M for metric tubing sizes or ASTM B88. 
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To calculate the specific gravity of any gas, divide the molecular weight of 
the gas in question by 29, which is the composite molecular weight of air. 
b. For flow of any compressed gas in steel pipe, use Table C16.12 and decrease 
flow by 5 percent. 
c. For pressures other than 55 psig, use the following formula for IP units: 


P1--14.7 
Phat ep pr (C16.8) 
P24 14.7 


d. For IP units, when there are temperatures other than 60°F, use the following 
formula to calculate a factor that, when multiplied by the flow rate, will give 
the revised flow rate at the new temperature: 


| 460+1 


fe (C16.9) 


where P1 = 55 (referenced table pressure, in psig) 
P2 = actual service pressure, in psig 
PDr = reference pressure drop found in chart for flow rate in table, psi/ 
100 ft. 

PDa = adjusted pressure drop for actual pressure, psi/100 ft. 
g — specific gravity of gas 
t = temperature in °F for conditions under consideration. 
f = factor 


Another method for sizing mains and branches with average use and where the 
piping network is closer to the source (where the pressure is higher and therefore 
is less critical than the most remote outlets), is to use a prepared chart based on 
the number of outlets with the actual friction loss through the pipe not considered. 
The flow rate and diversity of use is taken into consideration in the sizing chart 
and assumes that the system pressure is adequate. This method provides a sufficient 
degree of accuracy and speed of calculation. Table C16.13 is such a chart for various 
compressed gas systems found in laboratories. 


Pressure Tests 


Bulk storage tanks and dewers are required to be rated in accordance with ASME 
Section VIII, Pressure Vessels, and therefore are tested to this Code at the factory 
before shipment. They are not tested after installation. For the same reason, cylin- 
ders are not tested. The code requires that only the distribution system, from the 
cylinder valve to the outlets, be subject to pressure tests. 

Testing is done by pressurizing the system to the test pressure with an inert, oil- 
free and dry gas, or with the system gas to be used. Nitrogen is often used because 
of its low cost and availability. For systems supplied from cylinders with a working 
pressure up to 200 psig (1380 kPa), the entire piping system, including the cylinder 
manifold, is tested to 300 psig (2070 kPa) for one hour, with no leakage permitted. 
If a higher working pressure than 200 psig (1380 kPa) is required, the system is 
tested at 150 percent of the system design pressure. This pressure testing should 
be done in increments of 100 psig (690 kPa), starting with 100 psig (690 kPa). This 
is done to avoid damage due to a catastrophic failure. Leaks are repaired after 
each increment. 
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TABLE C16.13 Laboratory Branch Sizing Table 


No. of conn. 


A 


yo 


yo 


yo 


A 


yo 


A 


A 


yo 


yo 


34" 


1" (21-30) 
1% (30-50) 
1%"-over 50 


After final testing, it is recommended that the piping be left pressurized at system 
working pressure. 


System Pressure Relief Valve (PRV) Settings 


Inorder to prevent damage to equipment and personnel resulting from overpressure, 
it is required that a pressure relief valve (PRV) be provided for the system. For 
systems using cylinders, the PRV should be placed at the source. If there is special 
equipment with a lower pressure threshold, a separate PRV shall be placed on the 
branch line only to that piece of equipment. For a 50 psig (345 kPa) system the 
setting should be 75 psig (518 kPa). 


Flushing, Testing, and Purging the Distribution System 


After the system is completely installed and before it is placed in service, the piping 
system must first be flushed (blown out) to remove any loose debris, then tested, 
and finally purged with the intended system gas to assure purity. 

An accepted flushing method is to flow two to five times the design volume for 
the branch or main through each respective part of the system. This is done by 
connecting the flushing gas under pressure to the piping system, and then opening 


C.830 PIPING SYSTEMS 


and closing all outlets and valves starting from the closest and working to the 
most remote. 

Tests of the gas at the farthest outlet shall be taken to ensure that the gas is 
the desired purity. This test could be done either by the end-user if they have the 
necessary instruments, or by a testing service. To test for particulates use a minimum 
flow rate of 27 scfm (100 1/m) discharging into a clean white cloth and observe for 
any particles on the cloth. 

Finally, the system must be capable of providing the desired purity when actually 
placed in operation. Since flushing and testing may leave the piping system filled 
with inert or other gas, these must be removed, or purged. This is accomplished 
by allowing the system gas to flow through all parts of the piping system, opening 
all of the valves, and testing the gas purity at various points of the system until the 
desired purity level is reached. A purging arrangement for the piping distribution 
system is illustrated in Fig. C16.8. 

For high-purity gases, a laboratory specializing in testing for the purity level 
required should be used unless the facility is capable of performing the test. 
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FIGURE C16.8 Typical cylinder valve purging arrangement. 
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LABORATORY VACUUM SYSTEM DESCRIPTION 


The vacuum in the laboratory system is provided by single or multiple vacuum 
pumps drawing air from vacuum inlets or equipment connected to the pump(s) by 
a piping network. Vacuum pumps are generally connected to a receiver from which 
air is withdrawn to produce the vacuum. The piping distribution system is also 
connected to the receiver. The receiver provides a reserve capacity to allow the 
periodic shut-down of the pumps and also serves as a tank to intercept and drain 
off liquids that accidentally find their way into the piping network. 


LABORATORY VACUUM SYSTEM 
CODES AND STANDARDS 


Laboratories conducting biological work where airborne pathogens could be re- 
leased are required to follow one of the appropriate biological level criteria (BL- 
1, BL-2, BL-3, and BL-4) established by the National Institutes of Health (NIH). 
For most biological installations it is recommended that check valves be installed 
in each vacuum branch line to every room or area to prevent any cross discharge. 
In addition, the vacuum pump exhaust shall be provided with duplex 0.024 absolute 
filters to eliminate the release of any pathogenic particulates. 

Air exhausted from the system must be discharged to the atmosphere by means 
of an exhaust piping system. The pipe size shall be large enough so as not to restrict 
operation of the vacuum pump. 


LABORATORY VACUUM SYSTEM COMPONENTS 


Vacuum Pumps 


The vacuum source usually consists of two or more pumps which operate as system 
demand requires, a receiver used to provide a vacuum reservoir and to separate 
liquids from the vacuum airstream, the interconnecting piping, and alarms. A duplex 
or triplex pump arrangement is usually selected if the system is critical to the 
operation of the laboratory. In some smaller installations where the vacuum system 
is not critical, it may be acceptable to have a single vacuum pump. The pumps 
selected should be oil-free. 

The two most often used pump types are liquid ring and rotary vane. Rotary 
vane pumps are usually the smallest in physical size, have low starting and running 
torque, and are relatively vibration-free. The typical rotary vane pump is capable 
of achieving a higher vacuum pressure than the typical liquid ring pump. Both pumps 
are available oil-free. Oil-free vacuum pumps using no seal fluids are also available. 


Seal Liquids. For liquid ring pumps, a circulating liquid, commonly water or oil, 
is used in the pump casing and is an integral part of the pump operation. This 
liquid is commonly known as seal liquid and should not be confused with shaft or 
any other sealing method. 
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Vacuum Pressure Gauges 


There are four commonly used types of gauges: (1) Bourdon, (2) diaphragm, (3) 
capacitance, and (4) strain. 

The Bourdon gauge is mechanical and measures the difference between relative 
pressure between the system and local barometric pressure. This the most widely 
used type of gauge. The diaphragm gauge measures the pressure difference by 
sensing the deflection of a thin metal diaphragm or capsular element. An electronic 
(capacitance) gauge uses a change in a variable-capacitance sensor to detect changes 
in pressure. A strain gauge uses the deflection of a diaphragm to produce a change 
in electrical resistance. 


Ancillary Equipment. A coalescing or oil mist filter should be used on the exhaust 
of any pump that uses oil to prevent the discharge of that oil into the atmosphere. 
It can also be used to recover solvents from the discharge airstream. 

An automatic air bleed valve will lower the vacuum pressure in a piping system. 


Receivers 


Receivers are installed primarily to prevent excessive cycling of the pumps, by 
providing a vacuum reserve. Since the majority of vacuum pumps are furnished as 
a prepiped assembly that includes the pump, receiver, interconnecting pipe, valves, 
and so forth, the manufacturer selects the size of the receiver based on previous 
acceptable performance with the size of the pump selected. The receiver shall be 
rated in accordance with ASME Section VIII, Pressure Vessels. 

Since there is a possibility that fluid may enter the receiver, a suitable draining 
method shall be provided. This can be done either manually or automatically. 

The manual method requires a valved drain line from the bottom of the receiver. 
In order to drain the receiver, it must be isolated and brought to atmospheric 
pressure. This procedure removes the receiver from service for a limited time. The 
drain valve is then opened and the liquid discharged into a floor drain. A sight 
glass shall be provided to observe the level of accumulated liquid in the receiver. 

Automatic methods are rarely used because of the higher initial cost, but their 
use will permit uninterrupted use of the receiver. This requires the installation of 
a separate, smaller drain tank with a level switch inside. The drain tank is installed 
adjacent to and lower than the receiver. A drain line, installed at the bottom of 
the receiver and controlled by a solenoid valve, shall connect the receiver to the 
drain tank. The drain tank shall be capable of being isolated from the receiver by 
means of a solenoid valve. The drain line also shall have a solenoid valve. All valves 
shall be set to operate in the correct sequence when the level of liquid in the drain 
tank reaches its set point and sends a signal to each solenoid valve. The effluent 
is then discharged to a floor drain. 


Separators 


When vacuum pumps use a constant flow of seal water, a separator is often necessary 
to remove water from the exhaust airstream. The effluent is commonly discharged 
to a floor drain. The equipment manufacturer will provide this information 

If the facility will constantly introduce liquids into the normal vacuum piping, 
a separator shall be installed between the last outlet before connecting to the 
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receiver. The receiver is not intended to be a separator, although a small amount 
of liquid is expected. 


Interconnecting Piping 


The interconnecting piping at the source between the vacuum pumps and devices 
of the central supply system shall be corrosion-resistant pipe such as copper (ASTM 
B88), brass (ASTM B43), stainless steel (ASTM A270), and galvanized steel pipe 
(ASTM A33). 


PIPING DISTRIBUTION NETWORK 


Pipe Material and Joints 


Piping for the distribution system shall be a corrosion-resistant material such as 
copper tube, ASTM 88, Type K or L, stainless steel ASTM A270, or galvanized 
steel pipe, usually schedule 40 ASTM A53. Copper tube above ground is generally 
type “L” hard temper. When installed underground, type “K” soft temper should 
be used. Although cost has a major influence on the selection of the piping material, 
the most commonly used is copper tube type “L”, ASTM B88 up to 4 in (100 mm) 
in size, with soldered joints. Pipe NPS 5 (DN 125) and larger and vacuum pump 
exhaust piping are usually ASTM A53, schedule 40 galvanized steel pipe with 
threaded joints. Fittings shall be long-turn drainage pattern so as not to impede 
the flow of fluids in the pipe. 


Valves 


The most often used control valves are ball and butterfly valves. They are selected 
on their suitability for vacuum service and the possibility of resisting any specific 
gases introduced into the piping system. Check valves shall be of the soft-seat type. 


PIPING DISTRIBUTION NETWORK 
SIZING CRITERIA 


Number of Inlets 


There are no code or other mandated requirements for specific locations of labora- 
tory vacuum inlets. The number of inlets is determined by the user, based on a 
program of requirements for all rooms, areas, and equipment used in the facility. 
Inlets for laboratory stations, fume hoods, and so forth shall be appropriate for the 
intended use, based on requirements of the end user. 


Flow Rate. The basic flow rate from each laboratory inlet shall be 1.0 scfm (0.47 
nl/s). This is an arbitrary number based on experience. This flow rate is used in 
conjunction with the diversity factor. 
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FIGURE C16.9  Direct-reading vacuum flow rate for laboratories. 


Diversity Factor. The diversity factor established for general laboratories is based 
on experience. Refer to Fig. C16.9 for a direct-reading chart to determine the 
adjusted general laboratory vacuum flow rate using the number of connected inlets. 

For the design of classrooms, the diversity factor for one and two classrooms 
on one branch is 100 percent. For more than two classrooms, use a diversity factor 
double for that found in Fig. C16.9. Since these flow rates and diversity factors are 
arbitrary, they must be used with judgment and modified if necessary to adjust for 
special conditions and owner requirements. Always consult the user for definitive 
information regarding the maximum probable simultaneous usage. 


Allowable Friction Loss. A generally accepted figure used to size a piping system 
is to allow a total friction loss of 3 in (75 mm) Hg for the entire distribution system 
after the source assembly piping is taken into consideration. For smaller systems, 
use a figure of 1 in (25 mm) Hg for each 100 ft (30 m) of pipe. 


Recommended Velocity. A generally accepted maximum velocity is 5,000 feet per 


minute (fpm) or 25 meters per second (m/s). If noise is a problem, use 4,000 fpm 
(20 m/s). 


PIPING DISTRIBUTION NETWORK SIZING 


Establishing System Design Criteria 


There are two figures needed to size the piping network. The first is the allowable 
pressure drop (which includes friction loss in the piping system, exhaust pipe losses, 
and losses through in-line devices such as filters, traps, and so forth) for the entire 
network, in inches of Hg per 100 ft of pipe (kPa/30 m). This is found by dividing 
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the allowable pressure loss into the total equivalent length of pipe, in 100s of ft 
(30 m). The second is the adjusted scfm (nl/s) (connected scfm or nl/s, multiplied 
by a diversity factor) at the design point of the piping network. 

To find the allowable friction loss for the network, first find the equivalent length 
of pipe. This is the actual measured run of pipe, in feet, added to a distance, also 
in feet, that allows for the additional friction loss through fittings, valves, and so 
forth. The most commonly used method of finding the equivalent run is to add 50 
percent to the actual run. If the measured run is 300 ft (90 m), add 150 ft (45 m) 
to obtain the equivalent run, which is 450 ft (135 m). The most accurate method 
is to use Fig. C13.1 (“Plumbing Systems") giving the equivalent straight run for 
each size of fitting and valve. 

Friction loss allowance is a matter of judgment. For most systems, and for ease 
of calculations, it is generally accepted practice to allow a total friction loss of 3 to 
4 in Hg (10.1 to 13.5 kPa) for the piping system, using any remaining pressure loss 
available as an allowance to compensate for in-line devices and vacuum pump 
source interconnecting piping. 


TABLE C16.14 Vacuum Air Sizing Table 


Pipe material: “L” copper tubing (ASTM B88) 


Max. velocity: 5000 fpm (25 m/s) Pressure drop: Hg/100 ft 
Tube size 

nl/s scfm NPS 3⁄4 1 1% 1% 2 2Vo 3 4 

0.472 1 .08 

0.944 2 27 08 

1.41 3 53 45 

1.9 4 88 25 09 

2.36 5 1.3 36 14 

2.83 6 1.8 .50 19 

3.30 7 65 24 11 

3.77 8 82 30 13 

4.25 9 1.01 37 16 

4.72 10 122 45 20 

7.0 15 91 40 11 

9.5 20 66 18 
11.8 25 26 09 
14.1 30 36 13 
16.5 35 47 17 
18.9 40 21 09 
21.2 45 26 11 
23.6 50 32 14 
28.3 60 44 19 
33.0 70 25 06 
37.7 80 31 08 
42.5 90 10 
47.2 100 12 
59.0 125 18 
71.0 150 25 


a. 1 in Hg = 3.37 KPa 
b. Refer to App. E3M for metric sizes of tubing (ASTM B88). 
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Using the previous equivalent run of 450 ft (137.2m), and a total friction loss 
of 3 in (75 mm) Hg, the friction loss for the piping system is calculated by dividing 
4.5 (450 ft divided by 100 because the chart uses loss/100 ft) by 3 (in Hg). This 
gives a figure of 0.66 in Hg per 100 foot of pipe as the allowable friction loss for 
the piping network. 


Pipe-Sizing Procedure 


The piping distribution network is sized starting from the most remote point and 
working forward to the source. 

Starting at the most remote inlet on each branch, add together the connected 
load from all inlets, starting with the last inlet and continuing toward the source. 
Every new connection is a design point. At each design point, calculate the total 
connected load in scfm (nl/s). Then enter Fig. C16.9 with the total connected load 
and read the adjusted scfm (nl/s). This is continued separately at each design point 
to connection with the submain and finally the main. 


TABLE C16.15 Vacuum Air Sizing Table 


Pipe material: Sched. 40 steel ASTM A53 
Max. velocity: 5000 FPM (25 m/s) Pressure drop: Hg/100 ft* 


Pipe diameter 


DN 20 25 32 40 50 65 80 100 

nl/s scfm NPS 34 1 1% 1% 2 2% 3 4 

0.472 1 07 

0.944 2 22 07 

1.41 3 45 44 

1.9 4 75 24 06 

2.36 5 11 35 09 

2.83 6 1.56 48 13 

3.30 7 63 17 08 

3.77 8 81 21 10 

4.25 9 1.00 26 13 

4.72 10 1.21 32 15 

7.0 15 .66 31 .09 

9.5 20 52 15 
11.8 25 78 23 10 
14.1 30 32 14 
16.5 35 42 18 
18.9 40 54 23 .08 
212 45 28 10 
23.6 50 34 12 
28.3 60 47 16 
33.0 70 22 06 
37.7 80 28 07 
42.5 90 34 09 
47.2 100 11 
59.0 125 17 
71.0 150 23 


“1 in Hg = 3.37 KPa 
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To find the pipe size, enter Table C16.14 or Table C16.15 (depending on the 
pipe material used) with the adjusted scfm; find a friction loss figure that is equal 
to or less than the allowable figure calculated; then read up to find the pipe size 
at the top of the column. This chart is based on an initial vacuum pressure of 20 
in Hg (34 kPa abs), which is a commonly used and generally accepted value. To 
find pressure losses for values other than 20 in Hg (34 kPa abs), use Eq. C16.5. 


Piping Network Testing 


1. During construction, each 200 ft (60 m) section of pipe shall be pressure tested 
to a pressure of 150 psig (1035 kPa) with compressed air for 1 hour with no loss 
of pressure allowed as work progresses prior to installation of inlets. Each joint 
shall be tested with soapy water. 


2. After the inlets are installed, a second pressure test using air as above shall be 
conducted at the same pressure for 1 hour. 


3. A final test using 22 in Hg (27 kPa abs) or 10 percent higher than system design 
vacuum shall be conducted for 24 hours with no loss of pressure allowed. 


General Design Considerations 


There are several basic recommendations regarding the sizing of a system that shall 
be followed when sizing a complete network. 


1. Because of the use of the diversity factor table, it may be possible for a branch 
line to have a greater size than the main it feeds from. Always use the largest 
pipe size calculated at any junction. 


TABLE C16.16 Vacuum Pump Exhaust Pipe Sizing 


Total vacuum Equivalent pipe length 
plant capacity 

all pumps ft 50 100 150 200 300 400 500 
nl/s (scfm) m 15.2 30.4 45.6 60.8 91.2 121.6 152 
4.72 10 2.00” 2.00” 2.00" 2.00" 2.00" 2.00" 2.00" 
23.6 50 2.00" 2.50" 3.00" 3.00" 3.00" 3.00" 3.00" 
47.2 100 3.00” 3.00” 3.00" 4.00" 4.00" 5.00" 5.00" 
71 150 3.00" 4.00" 4.00" 4.00" 5.00" 5.00" 5.00" 
55 200 4.00" 4.00" 4.00" 5.00" 5.00" 5.00" 5.00" 
142 300 4.00" 5.00" 5.00" 5.00" 6.00" 6.00" 6.00" 
189 400 5.00" 5.00" 6.00" 6.00" 6.00" 8.00" 8.00" 
236 500 5.00" 6.00" 6.00" 6.00" 8.00" 8.00" 8.00" 


lin = 25.4 mm 
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2. The smallest size tube to any individual inlet shall be 1⁄2 in (13 mm) tubing. Use 
3⁄4 in (19 mm) as a minimum size for any branch and 1 in (25 mm) size minimum 
for any main or riser. This will allow for future changes. 


3. It is common practice in laboratory vacuum system design to have the source 
pumps sized for 20 in Hg (34 kPa abs), using an allowable friction loss of 3 in 
(75 mm) Hg. This leaves 2 in Hg for the remaining loss at the pump assembly. 


4. Provide for future expansion and alterations by having adequate minimum-size 
main lines and branches, or deliberately oversize the lines by one size when 
future expansion is likely. 


Vacuum Pump Exhaust Sizing 


The vacuum pump exhausts may be manifolded together, provided individual ex- 
hausts are isolated. Exhaust piping shall be sloped back to the pump. The minimum 
size of the exhaust pipe should be at least the same size as the vacuum pump 
exhaust port. The exhaust piping assembly shall be sized to limit the pressure loss 
to 1 psi (6.9 kPa) or less. The exhaust should have an in-line muffler to lessen the 
noise, and the exhaust line shall be routed outside the facility. The exhaust line 
end shall have a louver and screen to prevent rain and insects from entering. Systems 
that serve research laboratories and patient treatment areas shall have a duplex 
filter on the exhaust. The pressure drop through this filter shall be added to the 
friction loss through the exhaust pipe in order to calculate total friction loss through 
the line. For sizing the exhaust pipe, refer to Table C16.16. 


CHAPTER C17 
FUEL GAS DISTRIBUTION 
PIPING SYSTEMS 


Michael Frankel, CIPE 


Utility Systems Consultants 
Somerset, N.J. 


INTRODUCTION 


Fuel gas provides light and heat energy in sufficient volume and pressure required 
for the satisfactory operation of all connected devices. This chapter will discuss 
natural gas and propane from the site property line and within a facility. For natural 
gas transportation systems delivering fuel gas to the site, refer to Chap. C6. 


FUEL GAS DESCRIPTION 


Many gases found throughout the world are capable of being used as a fuel gas. 
Where available, two major fuel gases, natural gas (NG) and liquefied petroleum 
gas (LPG), are most often used. Other gases are used in instances where lower 
cost and greater availability make them attractive. Refer to Table C17.1 for 
the physical and combustion properties of the most commonly available fuel 
gases. 

NG and LPG are naturally occurring hydrocarbon compounds obtained from 
the separation of crude oil or gas mixtures at producing wells, or as a byproduct 
ofthe oil refining process. NG is primarily composed of methane with minor, varying 
percentages of other gases. These differences result in variations in heating content. 
LPG is a term applied to a group of hydrocarbons such as propane, butane, iso- 
butane, and pentane, or various mixtures of each. Propane and butane are the 
principal constituents of LPG, with propane being the most common. Table C17.2 
lists the properties of only NG and propane in more detail. Since NG and LPG 
are odorless, an odorfant is added to make detection of gas possible for reasons 
of safety. 

Variations occur in the hydrocarbon mixtures and Btu content that make up 
NG and LPG obtained from various suppliers. The values presented here are 
average values and sufficiently accurate for the design of these systems. 
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TABLE C17.1 Physical and Combustion Properties of Commonly Available Fuel Gases 


Heating value 


Heat release, Btu 


Btu/cu ft” Btu/IbO Density, Specific 

Specific Ib per volume 

Gas name Gross Net Gross Net Per cu ft air Per lb air gravity cu ft cu ft/Ib 
1 Acetylene 1498 1447 21,569 20,837 125.8 1677 0.91 .07 144 
2 Blast Furnace Gas 92 92 1178 1178 135.3 1804 1.02 .078 12.8 

3 Butane 3225 2977 21,640 19,976 105.8 1411 1.95 .149 6.71 

4 Butylene (Butene) 3077 2876 20,780 19,420 107.6 1435 1.94 .148 6.74 
5 Carbon Monoxide 323 323 4368 4368 135.7 1809 0.97 .074 13.5 
6 Carburetted Water Gas 550 508 11,440 10,566 119.6 1595 0.63 .048 20.8 
7 Coke Oven Gas 574 514 17,048 15,266 115.0 1533 0.44 .034 29.7 
8 Digester (Sewage) Gas 690 621 11,316 10,184 107.6 1407 0.80 .062 16.3 
9 Ethane 1783 1630 22,198 20,295 106.9 1425 1.06 .060 12.5 
10 Hydrogen 325 275 61,084 51,628 136.6 1821 0.07 .0054 186.9 
11 Methane 1011 910 23,811 21,433 106.1 1415 0.55 .042 23.8 
12 Natural (Birmingham, AL) 1002 904 21,844 19,707 106.5 1420 0.60 .046 21.8 
13 Natural (Pittsburgh, PA) 1129 1021 24,161 21,849 106.7 1423 0.61 .047 21.4 
14 Natural (Los Angeles, CA) 1073 971 20,065 18,158 106.8 1424 0.70 .054 18.7 
15 Natural (Kansas City, MO) 974 879 20,259 18,283 106.7 1423 0.63 .048 20.8 
16 Natural (Groningen, 941 849 19,599 17,678 111.9 1492 0.64 .048 20.7 

Netherlands) 

17 Natural (Midlands Grid, U.K.) 1035 902 22,500 19,609 105.6 1408 0.61 .046 21.8 
18 Producer (Wellman-Galusha) 167 156 2650 2476 128.5 1713 0.84 .065 15.4 

19 Propane 2572 2365 21,500 19,770 108 1440 1.52 116 8.61 

20 Propylene (Propene) 2332 2181 20,990 19,630 108.8 1451 1.45 A11 9.02 
21 Sasol (South Africa) 500 443 14,550 13,016 116.3 1551 0.42 .032 31.3 
22 Water Gas (bituminous) 261 239 4881 4469 129.9 1732 0.71 .054 18.7 


11 cu ft = 0.0283 m. 
21 Ib = 0.453 kg. 
31 Btu = 0.252 kCal. 
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TABLE C17.2 Average Physical Properties of Natural Gas and Propane 
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Natural 
gas 
Propane (methane) 
Formula CH; CH, 
Molecular Weight 44.097 | 16.402—16.402 
Melting (or Freezing) Point, ^F —305.84 —300.54 
Boiling Point, °F —44 —258.70 
Specific Gravity of Gas (Air — 1.00) 1.52 0.60 
Specific Gravity of Liquid 60°F/60°F (Water = 1.00) 0.588 0.30 
Latent Heat of Vaporization at Normal Boiling Point Btu/Ib 183 245 
Vapor Pressure, lb/sq in. Gauge at 60°F (15.6°C) 92 
Pounds per Gallon of Liquid at 60°F 4.24 2.51 
Gallons per Ib of Liquid at 60°F 0.237 
Btu per lb of Gas (gross) 21591 23000 
Btu per cu ft Gas at 60°F and 30” Hg 2516 1050 + 
Btu per gal of Gas at 60°F 91547 
Cu ft of Gas (60°F, 30” Hg)/Gal of Liquid 36.39 59.0 
Cu ft of Gas (60°F, 30” Hg)/Lb of Liquid 8.58 23.6 
Cu ft of Air Required to Burn 1 cu ft Gas 23.87 9.53 
Flame Temperature, °F 3595 3416 
Octane Number (Iso-Octane = 100) 125 
Flammability Limit in Air—Upper 9.50 15.0 
Flammability Limit in Air—Lower 2.87 5.0 
1" HG = 3.37 kPa. 
60°F = 15.6°C. 
1 Ib = 0453 kg. 


1 gal = 4.55 liters. 
1 cu ft = 0.453 kg. 


CODES AND STANDARDS 


The principal codes, standards, and regulations governing the manufacture, design, 


installation, and testing of NG and LPG systems are as follows: 


ANSI/NFPA 30 Flammable and Combustible Liquids 
Code 

ANSI Z223.1/NFPA 54 National Gas Code 

NFPA 58 Standard for the Storage and Handling 
of Liquefied Petroleum Gases 

ANSI Z83.3 Standard for Gas Utilization Equipment 
in Large Boilers 

ANSI/UL 144 Pressure Regulating Valves for LP Gas 

AGA American Gas Association 

SBCCI International Fuel Gas Code 

ASME Section VIII Pressure Vessels 


Local utility company rules and regula- 


tions. 
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Some insurance carriers may have standards that in many aspects may be more 
stringent than those listed. 


SYSTEM OPERATING PRESSURES 


The pressure in a site main is the same as that existing in the public utility mains 
since pressure is not reduced until the point where the facility meter is installed. 
The pressure in the main generally is in the range of 25 to 50 pounds per square 
inch gauge (psig) or 172.5 to 345 kilo Pascals (kPa). Pressures inside buildings are 
often very low. Refer to Table C17.3 for a conversion of low fuel gas pressures 
into various Inch Pound (IP) and International System (SI) units. (SI units are 
referred to as metric units.) 

The maximum allowable system operating pressure of fuel gas when installed 
inside a building is generally governed by NFPA 54, unless local codes or insurance 
carriers have more stringent requirements. NG systems are not permitted to exceed 
5 psig (34.5 kPa) unless all of the following conditions are met: 


1. Local authorities permit a higher pressure. 
2. All piping is welded. 


TABLE C17.3 Conversion of Gas Pressure to Various Designations, 60°F (15.6°C) 


Equivalent Pressure Equivalent Pressure 
inches per square inch inches per square inch 


kPa Water Mercury Pounds Ounces | Water Mercury Pounds Ounces kPa 


0.002 0.01 0.007 0.0036 0.0577 8.0 0.588 0.289 462 2.0 


0.05 0.20 0.015 0.0072 0.115 9.0 0.662 0.325 520 2.2 
0.07 0.30 0.022 0.0108 0.173 
0.10 0.40 0.029 0.0145 — 0.231 10.0 0.74 0.361 5.77 25 
11.0 0.81 0.397 634 2.7 
0.12 0.50 0.037 0.0181 0.239 12.0 0.88 0.433 6.92 3.0 
0.15 0.60 0.044 0.0217 0.346 13.0 0.96 0.469 7.50 3.2 
0.17 0.70 0.051 0.0253 0.404 
0.19 0.80 0.059 0.0289 0.462 13.6 1.00 0.491 7.86 3.37 
0.22 0.90 0.066 0.0325 0.520 13.9 1.02 0.500 800 3.4 
14.0 1.06 0.505 8.08 3.5 
0.25 1.00 0.074 0.036 0.577 
0.3 1.36 0.100 0.049 0.785 15.0 1.10 0.542 8.7 3.7 
0.4 1.74 0.128 0.067 1.00 16.0 1.18 0.578 9.2 4.0 
0.5 2.00 0.147 0.072 1.15 17.0 1.25 0.614 9.8 4.2 
0.72 2.77 0.203 0.100 1.60 18.0 1.33 0.650 10.4 4.5 
0.76 3.00 0.221 0.109 1.73 19.0 1.40 0.686 10.9 4.7 
1.0 4.00 0.294 0.144 2.31 
20.0 1.47 0.722 11.5 5.0 
1.2 5.0 0.368 0.181 2.89 
1.5 6.0 0.442 0.217 3.46 25.0 1.84 0.903 14.4 6.2 
1.7 7.0 0.515 0.253 4.04 27.2 2.00 0.975 15.7 6.7 


0.7 27.7 2.03 1.00 16.0 6.9 
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3. The pipe runs are enclosed for protection or located in a well-ventilated space 
that will not permit gas to accumulate. 

4. The pipe is run inside buildings or areas and is used only for industrial processes, 
research purposes, within warehouses, or within boiler and/or mechanical equip- 
ment rooms. 


LPG pressures up to 20 psig (138 kPa) are permitted only if all of the following 
conditions are met: 


1. Buildings are used exclusively for industrial purposes or as experimental labora- 
tories, or are buildings with similar use requirements. 


2. The building is constructed in accordance with Chapter 7, NFPA 58, Fuel Gas 
Code. 


NATURAL GAS 


Natural gas is purchased from either of two sources. The first, restricted to very 
large users of gas, is from a transportation gas company where the gas is directly 
purchased by the facility from the point where gas is originated. The second is from 
a public utility obligated to provide gas to every customer that requests this service. 
As part of this service, the utility company usually supplies and installs the service 
line free of charge from the utility main, in addition to providing, also at no cost, 
a regulator/meter assembly in or adjacent to the building. 

Rarely, the utility company does not have a main in the vicinity of the project. 
An installation fee may be charged if the utility company regulations concerning 
the time of payback from expected revenue do not justify the cost of installing the 
service. The same might be true if the volume of gas for a commercial or industrial 
facility is considered too small. It would then be the responsibility of the owner to 
pay for the design and installation of the complete private site service and meter 
assembly in conformity with utility company regulations. 

Requirements of various utility companies differ regarding the placement of the 
meter assembly. It could be installed either in an underground, exterior meter pit; 
at an aboveground exterior location exposed to the weather; or inside the building 
in a well-ventilated area or mechanical equipment room. 

There are several different types of service that a utility company may provide, 
each with a different cost (or rate). Specific types of service may be unavailable or 
known by different names in various localities. They are: 


1. Firm Service. This type of service provides a constant supply of gas under all 
conditions without exception. 


2. Interruptible Service. This type of service allows the utility company to stop 
the gas supply to the facility under predetermined conditions, and to start it 
again when these conditions no longer exist. 


3. Light or Heavy Process Service. This type of service is provided for large 
quantities used for industrial or process facilities. 


4. Commercial/Industrial Service. This type of service is provided for heating and 
cooling system loads for larger facilities. 


5. Transportation Gas Service. This is purchased directly from a company other 
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than the public utility, with the gas carried to the site by the public utility 
company mains. 


The following criteria and information should be obtained in writing from the 
public utility company when requesting service: 


1. Btu content of the gas provided 
2. Minimum pressure of the gas at the outlet of the meter assembly 


3. Extent of the installation work done by the utility company, and the point of 
connection by the facility construction contractor 

4. The location of the utility supply main and the proposed run of pipe on the site 
by the utility company 

5. A preferred location of the meter and/or regulator assembly, and any work 


required by the owner to allow the assembly to be installed (such as a meter pit 
or slab on grade) 


6. Types of service available and the cost of each 


In order for the utility company to provide this data, they require that the 
following information to be provided: 


1. The total connected load. The utility will use their own diversity factor to calculate 
the size of the service line. If the design engineer is responsible for the installation, 
this is not required since the diversity factor for the facility shall be used. This 
shall include pilot light requirements, if any. 


2. Minimum and maximum pressure requirements for the most demanding device. 


3. Site plan indicating the location of the proposed building on the site, desired 
point of entry (if known), and the specific area of the building where the proposed 
NG service will enter the building. 


4. Preferred location of the meter/regulator assembly. 
5. Firm or dual fuel requirements. 
6. Expected date of the start of construction. 


MAJOR NATURAL GAS SYSTEM COMPONENTS 


Gas Line Filters 


Filters for natural and LP gas may be required on the site service to protect the 
regulator and meter from injury or particulate clogging and damage to the equip- 
ment inside the building. They should be considered when: 


1. Line scale, dirt, or rust is known to be present 
2. Dirty gas is obtained from a transmission company 
3. “Wet” gas is known to be present, such as after large regulators 
The filter consists of a housing and a cartage filter element. Selection of the 


housing is based on the highest flow rate and pressure expected and the size of the 
proposed building service. A filter rating of 10 microns is suggested as a starting 
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point, with actual operating experience being the final criterion. The size of the 
filter is based on the flow rate and velocity across the filter. 


Gas Meters 


Gas meters are an integral part of a service assembly that may consist of filters, 
valves, regulators, and relief valves. The complete assembly is usually supplied and 
installed by the utility company. For the rare instances where this is not the case, 
gas meters are selected using the local utility company standards, with the size and 
arrangement of the entire meter assembly based on flow rate and pressure. Because 
constant pressure is necessary for accurate metering, the regulator is installed up- 
stream of the meter. 


Pressure Regulators 


Gas pressure regulators are pressure-reducing devices used to reduce a variable 
high inlet pressure to a constant lower outlet pressure. Two types of regulators 
are available; direct-acting and pilot-operated. The pilot-operated valves are more 
accurate. It is common practice to oversize the capacity of a regulator by about 15 
percent to provide a safety margin for accurate regulation. 

There are several categories of regulators, with the end-use determining the 
nomenclature. The first is the line regulator, which is used to reduce high pressure, 
often in a range of between 25 and 50 psig (170 and 345 kPa), in utility company 
mains to a lower pressure used for the building service. An intermediate regulator 
is used to reduce a pressure in the range of 3 to 5 psig (21 to 34.5 kPa) to a lower 
pressure required to supply terminal equipment such as a boiler gas train. The third 
type is an appliance regulator, used at the individual piece of equipment. 

Regulators may require a gas vent piped to a safe location, and sized to carry 
the quantity of gas that will be discharged. This is to protect the system from 
overpressure in the event of a malfunction or failure to fully lock up (close). Each 
individual regulator vent must be separate. Common vent lines are not permitted. 

The utility company may require that regulators be of the “lock-up” type. This 
feature will completely shut down a regulator when the pressure rises above a 
predetermined set point. 


SITE DISTRIBUTION 


The building service on the site starts at the property line of the customer and 
usually ends inside of a building, above grade (or the concrete meter pad) or at 
the valve prior to the customer connection after the meter assembly. It is common 
practice for the utility company to install the line, including the meter assembly. 


SITE BUILDING SERVICE-SIZING PROCEDURE 


The size of the service main is calculated using the maximum line pressure in the 
gas main, selected pressure drop, and the maximum probable flow rate of NG. 
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TABLE C17.4 Sizing NG Pipe with Initial Pressure of 20 psig and 2 psig Pressure Drop 


Capacity of horizontal gas piping (cfh) 


Nominal 
actual ID 


0.50 
0.622 


0.75 
0.824 


Nominal pipe size and actual inside diameter (ID), in. of Sch. 40 pipe 


1 
1.049 


1.25 
1.380 


1.5 
1.610 


2 
2.067 


2.5 
2.469 


3 
3.068 


3:5 
3.548 


4 
4.026 


5 
5.047 


6 
6.065 


2,723 
1,926 
1722 
1,572 
1,456 
1,362 
1,284 
1,218 
1,112 
1,029 
963 
908 
861 
TIO 
703 
609 
497 
431 
385 
272 
222 
193 


5,765 
4,076 
3,646 
3,328 
3,082 
2,883 
2,718 
2,578 
2,354 
2,179 
2,038 
1,922 
1,823 
1,631 
1,489 
1,289 
1,053 

912 

815 

577 

471 

408 


10,975 
7,760 
6,941 
6,336 
5,866 
5,487 
5,174 
4,908 
4,480 
4,148 
3,880 
3,658 
3,471 
3,104 
2,834 
2,454 
2,004 
1,735 

152 
1,097 
896 
716 


22,804 
16,125 
14,422 
13,166 
12,189 
11,402 
10,750 
10,198 
9,310 
8,619 
8,062 
7,601 
7,211 
6,450 
5,888 
5,099 
4,163 
3,606 
3,225 
2,280 
1,862 
1,612 


34,398 
24,323 
21,755 
19,860 
18,386 
17,199 
16,215 
15,383 
14,043 
13,001 
12,161 
11,466 
10,878 
9,729 
8,881 
7,692 
6,280 
5,439 
4,865 
3,440 
2,809 
2,432 


66,973 
47,357 
42,358 
38,667 
35,799 
33,487 
31,572 
29,951 
27,342 
25,314 
23,679 
22,324 
21,179 
18,943 

1,292 
14,976 
12,228 
10,589 

9,471 

6,697 

5,468 

4,736 


107,577 
76,068 
68,037 
62,109 
57,502 
53,788 
50,712 
48,110 
43,918 
40,660 
38,034 
35,859 
34,019 
30,427 
27,776 
24,055 
19,641 
17,009 
15,214 
10,758 

8,784 
7,607 


191,989 
135,757 
121,424 
110,845 
102,622 
95,994 
90,504 
85,860 
78,379 
72,565 
67,878 
63,996 
60,712 
54,303 
49,571 
42,930 
35,052 
30,356 
27,151 
19,199 
15,676 
13,576 


282,890 
200,034 
178,915 
163,327 
151,211 
141,445 
133,356 
126,512 
115,489 
106,922 
100,017 
94,297 
89,458 
80,013 
73,042 
63,256 
51,648 
44,729 
40,007 
28,289 
23,098 
20,003 


396,270 
280,205 
250,623 
228,787 
211,815 
198,135 
186,804 
177,217 
161,777 
149,776 
140,103 
132,090 
125,312 
112,082 
102,317 
88,609 
72,349 
62,656 
56,041 
39,627 
32,355 
28,021 


724,020 
511,959 
457,910 
418,013 
387,005 
362,010 
341,306 
323,791 
295,580 
273,054 
255,980 
241,340 
228,955 
204,784 
186,941 
161,896 
132,187 
114,478 
102,392 

72,402 

59,116 

51,196 


1,181,799 
838,658 
747,435 
682,312 
631,698 
590,900 
557,105 
528,517 
482,467 
446,678 
417,829 
393,933 
373,718 
334,263 
305,139 
264,258 
215,766 
186,859 
167,132 
118,180 

96,493 
83,566 
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TABLE C17.4M (metric) Sizing NG Pipe with Initial Pressure of 138 kPa and 15 kPa 
Pressure Drop 


Capacity of horizontal gas piping (l/s) 


Pipe size*, DN 
50 65 80 90 100 


536 
379 
339 
309 
286 
268 


240 


203 
189 


* For definition of DN, refer to Chap. A1. 


The line size is determined by using tables prepared for the maximum line 
pressure. The pressure drop selected is at the discretion of the design professional, 
but it is generally kept to approximately 10 percent of the available pressure in psig. 

Separate tables giving IP and SI units for the pressures usually encountered in 
site mains are provided. Tables C17.4 and C17.4M (metric) are for 20 psig (138 
kPa), and Tables C17.5 (C17.5M) and C17.5M (metric) are for 50 psig (345 kPa). 
The pressure drop is 10 percent of the pressure available. The use of these tables 
is described for sizing the building interior piping. 


8v8'O 


TABLE C17.5 Sizing NG Pipe with Initial Pressure of 50 psig and 5 psig Pressure Drop 


Capacity of horizontal gas piping (cfh) 


Nominal pipe size and actual inside diameter (ID), in. of Sch. 40 pipe 


Nominal 0.5 0.75 1 1.25 1.5 2 2:5 3 3.5 4 5 6 
actual ID 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 3,548 4.026 5.047 6.065 


5,850 12,384 23,575 48,984 73,889 143,864 231,083 412,407 607,670 851,220 1,555,251 2,538,598 
4,137 8,757 16,670 34,637 52,248 101,727 163,400 291,616 429,688 601,903 1,099,729 1,795,060 
3,700 7,832 14,910 30,980 46,732 90,988 146,150 260,829 384,324 538,359 983,627 1,605,550 
3,377 7,150 13,611 28,281 42,660 83,060 133,416 238,103 350,839 491,452 897,925 1,465,660 
3,127 6,619 12,601 26,183 39,495 76,899 123,519 220,441 324813 454,996 831,317 1,356,938 
2,925 6,192 11,787 24,492 36,945 71,932 115,541 206,203 303,835 425,610 777,626 1,269,299 
2,758 5,838 11,113 23,091 34,832 67,818 108,934 194,441 286,459 401,269 733,152 1,196,706 
2,616 5,538 10,543 21,906 33,044 64,338 103,343 184,434 271,758 380,677 695,529 1,135,295 
2,388 5,056 9,624 19,998 30,165 58,732 94,339 168,364 248,080 347,509 634,929 1,036,378 
2211 4,681 8,910 18,514 27,927 54,376 87,341 155,875 229,678 321,731 587,830 959,500 
2,068 4,378 8,335 17,39 26,124 50,864 81,700 145,808 214,844 300,952 549,864 897,530 
1,950 4,128 7,858 16,328 24,630 47,955 77,028 137,469 202,557 283,740 518,417 846,199 
1,850 3,916 7,456 15,490 23,366 45,494 73,075 130,415 192,162 269,179 491,814 802,775 
1,655 3,503 6,668 13,855 20,899 40,691 65,360 116,646 171,875 240,761 439,891 718,024 
1,510 3,197 6,087 12,648 19,078 37,146 59,665 106,483 156,900 219,784 401,564 655,463 
1,308 2,769 5,271 10,953 16,522 32,169 51,672 92.217 135,879 190,339 347,765 567,648 
1,068 2,261 4,304 8,943 13,490 26,266 42.190 75,295 110,945 155411 283,949 463,482 

925 1,958 3,727 7,745 11,683 22,147 36,537 65,207 96,081 134,590 245,907 401,388 

827 1,751 3,334 6,927 10,450 20,345 32,680 58,323 85,938 120,381 219,946 359.012 

585 1,238 2,357 41,898 7,389 14,386 23,108 41,241 60,767 85,122 155,525 253,860 

478 11011 1,925 4,000 6,033 11,746 18,868 33,673 49,616 69,502 126,986 207,276 

414 876 1,667 3,464 5,225 10,173 16,340 29,162 42,969 60,190 109,973 179,506 
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TABLE C17.5M (metric) Sizing NG Pipe with Initial Pressure of 345 kPa and 35 kPa 
Pressure Drop 


Capacity of horizontal gas piping (l/s) 


Pipe size*, DN 
32 40 50 65 80 90 100 


392 591 1,151 1,849 3,299 6,810 20,309 
418 814 1,307 2,333 4,815 14,360 
347 728 1,169 2,087 4,307 12,884 
341 664 1,067 1,905 3,923 11,725 
316 615 988 1,764 3,640 10,856 
296 575 924 1,650 3,405 10,154 
279 543 871 1,555 3210 9,574 
264 515 827 1475 3,045 9,082 
241 470 755 1,347 2,780 8,291 
223 435 699 1,247 2,574 7,676 
209 407 654 1,166 2,408 7,180 
197 616 1,100 2,270 6,770 
187 585 1,043 2,153 6,422 
167 523 933 1,926 5,744 
153 477 852 1,758 5,244 
132 413 738 1,523 4,541 
108 338 602 1,243 3,708 

93 292 522 1,077 3211 
84 261 467 963 2,872 
59 185 330 681 2,031 
48 151 269 1,658 
42 131 233 1,436 


* For definition of DN, refer to Chap. A1. 


BUILDING INTERIOR PIPE-SIZING PROCEDURE 


In order to size the piping system, the following information must be calculated 
or established: 


. Minimum gas pressure available from the utility company after the regulator 
. Allowable friction loss for gas flowing through the piping system 


1 
2 
3. Equivalent length of the piping system 
4. Maximum probable demand 

5 


. The pipe-sizing method acceptable to local codes 


Pressure Available From the Utility Company 


The minimum pressure that the utility company will guarantee after the meter 
assembly must be provided upon request. This is based on the pressure available 
in the utility supply mains adjacent to the facility under design. If there is a specific 
requirement for equipment that needs a higher pressure, such as that for a boiler, 
the utility company must be advised of this requirement and guarantee this pressure 
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in writing. If the higher pressure is not possible, a gas pressure booster will be nec- 
essary. 

In cases where the utility is not providing the meter, the minimum pressure will 
be given by the utility company for the main at the tie-in point. It is up to the 
design professional to determine the pressure required for the building equipment. 


Allowable Friction Loss in the Piping System 


The minimum guaranteed pressure supplied by the utility company after the meter/ 
regulator assembly could be as low as 4 to 7 in of water column (WC) or 1.0 to 
1.7 kPa. This is considered low pressure. Because of this, the friction loss of NG 
through the piping system must be kept low in order to have sufficient pressure to 
properly operate the terminal appliance or equipment. A range of between 0.2 to 
0.5 in WC (0.5 to 1.2 kPa) are generally accepted values, depending on the actual 
range of pressure available. When the available pressure is higher than 7 in WC 
(1.7 kPa), a higher allowable friction loss can be used for economy of pipe sizing 
if the end-use device pressure requirement allows this. 

A pressure loss figure of up to approximately 10 percent of the pressure available 
is a generally accepted value for distribution main piping with high pressure, de- 
pending on the actual pressure in the system. A regulator will then be required at 
each terminal appliance requiring a lower gas pressure. High-pressure gas distribu- 
tion may not be practical due to the added cost of regulators and relief vents. 


Equivalent Length of Piping 


The equivalent length of piping is required to calculate the friction loss in all 
portions of a piping network. This is a total of the measured length of the longest 
run plus an additional allowance, in straight run of pipe, for the resistance of valves 


TABLE C17.6 Equivalent Lengths for Various Sizes of Valves and Fittings 


Nominal pipe size, NPS (DN)* 


Fittin 34(20) 1(25) 1% (40) 2(50)  2X&(65  3(80  4(100  5(125  6(150 8 (200) 
g ( (80) ( ( ( ( 


Equivalent lengths, ft (m) 


90° elbow 1.00 2.00 2.50 3.00 4.00 5.50 6.50 9.00 12.0 15.0 
(0.3) (0.61) — (0.76 (0.91) (122) (1.68) (198) | (274) (3.66) (4.57) 

tee (run) 0.50 0.75 1.00 1.50 2.00 3.00 3.50 4.50 6.00 7.00 
(0.15) | (023) (03) (0.46) (0.61) (0.91) — (107) (137) (1.83) (2.13) 

tee (branch) 2.50 3.50 4.50 5.00 6.00 11.0 13.0 18.0 24.0 30.0 
(0.76) (1.07) (137 (1.52) (183) (335) (396) (549) (7.32) (9.14) 

gas cock 

(approx.) 4.00 5.00 7.50 9.00 12.0 17.0 20.0 28.0 37.0 46.0 


(122 (1.52) (229 (274) (3.660 (518) (6. (853) (1128) (1402) 


* For definition of NPS and DN, refer to Chap. A1. 
The pressure drop through valves should be taken from manufacturers' published data rather than 
using the equivalent lengths, since the various patterns of gas cocks can vary greatly. 
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and fittings to flow. It is common practice not to use the vertical length of piping 
when calculating the total run for NG systems. Since NG is lighter than air, it 
expands at the rate of 0.1 in WC (0.25 kPa) for every 15 feet (5 m) of elevation as 
the gas rises. The additional pressure created as the gas rises approximates that 
lost to friction inside the pipe. 

LNG is heavier than air, therefore the entire length of run is used in calculating 
the pressure loss. 

Refer to Table C17.6 for equivalent lengths of fittings and valves for the flow 
of gas in a pipeline. 


Maximum Probable Demand 


For some types of buildings, such as multiple dwellings and laboratories, the total 
connected load is not used to size the piping system since not all of the connected 


TABLE C17.7 Approximate Gas Demand for Common Appliances 


Appliance Input-Btu/h (mJ/h) 
Commercial kitchen equipment: 
Small broiler 30,000 (31.7) 
Large broiler 60,000 (63.3) 
Combination broiler and roaster 66,000 (69.6) 
Coffee maker, 3 burner 18,000 (19) 
Coffee maker, 4 burner 24,000 (25.3) 
Deep fat fryer, 45 pounds (20.4 kg) of fat 50,000 (52.8) 
Deep fat fryer, 75 pounds (34.1 kg) of fat 75,000 (79.1) 
Doughnut fryer, 200 pounds (90.8 kg) of fat 72,000 (76) 
2 deck baking and roasting oven 100,000 (105.5) 
3 deck baking oven 96,000 (101.3) 
Revolving oven, 4 or 5 trays 210,000 (221.6) 
Range with hot top and oven 90,000 (95) 
Range with hot top 45,000 (47.5) 
Range with fry top and oven 100,000 (105.5) 
Range with fry top 50,000 (52.8) 
Coffee urn, single, 5 gal (18.9 1) 28,000 (29.5) 
Coffee urn, twin, 10 gal (37.9 1) 56,000 (59.1) 
Coffee urn, twin, 15 gal (56.8 1) 84,000 (88.6) 
Stackable convection oven, per section of oven 60,000 (63.3) 
Residential equipment 
Clothes dryer 35,000 (36.9) 
Range 65,000 (68.6) 
Stove top burners 40,000 (42.2) 
Oven 25,000 (26.4) 
30 gal (113.6 I) water heater 30,000 (31.7) 
40 to 50 gal (151.4 to 189.3 1) water heater 50,000 (52.8) 
Log lighter 25,000 (26.4) 
Barbecue 50,000 (52.8) 
Miscellaneous equipment 50,000 (52.8) 
Commercial log lighter 50,000 (52.8) 
Bunsen burner 5,000 (5.3) 
Gas engine, per horsepower (745.7 W) 10,000 (10.6) 


Steam boiler, per horsepower (745.7 W) 50,000 (52.8) 
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Gas demand for multiple dwellings 


a Demand in 1000s PPE eee 
725 | qe + HE 20.3 
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FIGURE C17.1 Gas demand for multiple dwellings (to 50 apartments). 


devices will be used at the same time. For design purposes, a diversity factor shall 
be used to reduce the total connected load. The maximum probable demand is 
calculated by multiplying the total connected load by the diversity factor. 

This calculation first requires the listing of every device using gas in the building 
and the demand in Btu per hour (Btu/h) or millijoules per hour (mJ/h) for each. 
The manufacturer of each device should be consulted to find its actual input gas 
consumption. Average gas demand values for typical devices are listed in Table 
C17.7. 

For multiple dwellings, a direct reading of the quantity of gas used for cooking 
based on the number of apartments is presented in Fig. C17.1 for buildings up to 
50 apartments and Fig. C17.2 for buildings with more than 50 apartments. A diversity 
factor has been used to create the chart. For the size of individual risers, refer to 
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FIGURE C17.2 Gas demand for multiple dwellings. 
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Gas riser piping (apartments) 
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FIGURE CI17.3 Gas riser piping (apartments). 
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TABLE C17.8 Laboratory Diversity 


Factors 
No. of outlets Average % use Max. 
1-5 100 
6-10 75 90 
11-20 60 75 
21-70 40 60 
71-150 30 50 
Over 20 40 


Fig. C17.3 for a direct reading of the riser pipe size by floor. For laboratories, refer 
to Table C17.8 for diversity factors. Where laboratories are part of a school, use 
no diversity for entire rooms, and consult with the school authorities to find the 
total number of rooms that might be in use at once. If there is no conclusive answer, 
use no diversity. 

For industrial or process installations, and for major gas-using equipment such 
as boilers, unit space heaters, and water heaters in all building types, a diversity 
factor is generally not used because it is possible for all connected equipment to 
be in use at the same time. 


NG Pipe-Sizing Methods 


The most conservative method for sizing NG piping systems is by the use of tables, 
such as those prepared by various code authorities, the American Gas Association, 
and ones appearing in App. C of the National Fuel Gas code, NFPA 54. Other 
methods using proprietary tables and calculators are available. The calculators are 
considered more accurate than the prepared tables. 

Two tables, each given in IP and SI units, are provided to allow sizing for a 
majority of systems. Tables C17.9 and C17.9M (metric) are for low pressure and 
Tables C17.10 and C17.10M (metric) are for higher pressures. The information in 
the low-pressure table (for 1 psi [6.9 kPa] or less) has been calculated from the 


Spitglass formula: 
|H 
Q = 3550K L (C17.1) 


Information in the tables for pressures greater than 1 psi (6.9 kPa), including 
those used for site mains, has been calculated by the Weymouth formula: 


IPA 
Q = 3550K SL (C17.2) 


The constant for any given pipe size can be calculated from the following formula: 
K = [D^/[1 + (8.6/ D) + (0.03)(D) ]!? (C17.3) 


where Q = Quantity of gas at 60°F (15.6°C) 
H = Pressure drop, in WC (mm WC) 
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TABLE C17.9 Sizing of NG Pipe with an Initial Pressure of Less Than 1 psig and 


Pressure Drop of 0.5 in WC 


Capacity of horizontal gas piping (cfh) 


0.5 0.75 1 
0.622 0.824 1.049 


1.25 
1.380 


Nominal 15 


actual ID 


2 


2.5 


1.610 2.067 2.469 


3 
3.068 


3.5 
3.548 


Nominal pipe size and actual inside diameter (ID) of Sch. 40 pipe 


4 
4.026 


5 
5.047 


6 
6.065 


120 
85 
76 
69 
64 
60 
56 
54 
49 
45 
42 
40 
38 
34 
31 
2p 
24 
19 
17 


272 
192 
172 
157 
145 
136 
128 
122 
111 
103 
96 
91 
86 
TI 
70 
61 
54 
43 
38 
12 27 
10 22 
8 19 


547 
387 
346 
316 
292 
273 
258 
244 
223 
207 
193 
182 
173 
155 
141 
122 
109 

86 

TI 

55 

45 

39 


1.200 
849 
759 
693 
641 
600 
566 
537 
490 
454 
424 
400 
379 
339 
310 
268 
240 
190 
170 
120 

98 
85 


1,860 
1,315 
1.176 
1,074 
994 
930 
877 
832 
759 
703 
658 
620 
588 
526 
480 
416 
372 
294 
263 
186 
152 
132 


TABLE C17.9M (metric) Sizing of NG Pipe 
and Pressure Drop of 1.2 kPa 


3,759 
2,658 
2,378 
2471 
2,010 
1,880 
1,772 
1,681 
1,535 
1,421 
1,329 
1,253 
1,189 
1,063 
971 
841 
752 
594 
532 
376 
307 
266 


6,169 
4,362 
3,90 
3,562 
3,297 
3,084 
2,908 
2,759 
2,518 
2,332 
2,18 
2,056 
1,95 
1,745 
1,593 
1,379 
1,234 

975 

872 

617 

504 

436 


11,225 
7,938 
7,100 
6,481 
6,000 
5,613 
5,292 
5,020 
4,583 
4,243 

3,969 

3,74 


347 
2,5 
224 
1,77 
1,12 
9 
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Q = Capacity of horizontal gas piping (l/s) 


16,685 
11,798 
10,552 
9,633 
8,918 
8,342 
7,865 
7,462 
6,811 
6,306 
5,899 
5,562 
5,276 
4,719 
4,308 
3,731 
3,337 
2,638 
2,360 
1,668 
1,362 
1,180 


23,479 
16,602 
14,850 
13,556 
12,550 
11,740 
11,068 
10,500 
9.585 
8,874 
8,301 
7,826 
7,425 
6,641 
6,062 
5,250 
4,696 
3,712 
3,320 
2,348 
1,917 
1,660 


42,945 
30,367 
27,161 
24,794 
22,955 
21,473 
20,245 
19,206 
17,532 
16,232 
15,183 
14,315 
13,581 
12,147 
11,088 
9,603 
8,589 
6,790 
6,073 
4,295 
3,506 
3,037 


69,671 
49,265 
44,064 
40,225 
37,241 
34,835 
32,843 
31,158 
28,443 
26,333 
24,632 
23,224 
22,032 
19,706 
17,989 
15,579 
13,934 
11,016 

9,853 

6,967 

5,689 

4,926 


with an Initial Pressure of Less than 6.9 kPa 


50 


Pipe size, DN 


80 


200 


250 


300 


30 
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17 
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1135 
802 
718 
655 
606 
567 
535 
507 
463 
429 
401 
378 
359 
321 
293 
254 
227 
179 
160 
113 

93 
80 


2022 
1430 
1279 
1168 
1081 
1011 
953 
904 
826 
764 
715 
674 
640 
572 
522 
452 
404 
320 
286 
202 
165 
143 


3134 
2216 
1982 
1809 
1675 
1567 
1477 
1401 
1279 
1184 
1108 
1045 
991 
886 
809 
701 
627 
495 
443 
313 
256 
222 
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TABLE C17.10 2,5 & 10 psig Pressure 


Inlet pressure Flows in table are scfh of 0.6 sp. gr. natural gas 


Inlet Pipe Pressure drop per 100 equivalent feet of 
pressure, size, pipe as a percentage of inlet pressure 
psig inches 2% 4% 6% 8% 10% 


340 480 590 680 760 
590 840 1030 1180 1320 
930 1320 1610 1850 2070 


710 1010 1230 1420 1590 
1230 1740 2130 2450 2740 
1950 2760 3370 3880 4330 


1080 1530 1870 2160 2410 
1860 2630 3220 3710 4140 
2940 4160 5080 5850 6530 


2100 2980 3640 4200 4700 
3630 5120 6270 7230 8070 
5740 8090 9890 | 11,400 | 12,720 


3390 4810 5880 6780 7580 
5850 8260 | 10,100 | 11,650 | 13,010 
9240 | 13,040 | 15,940 | 18,370 | 20,500 


6060 8590 | 10,500 | 12,120 | 13,540 
10,450 | 14,760 | 18,050 | 20,820 | 23,240 
16,510 | 23,290 | 28,480 | 32,810 | 36,610 


12,480 | 17,690 | 21,620 | 24,960 | 27,890 
21,520 | 30,400 | 37,180 | 42,890 | 47,880 
34,000 | 47,980 | 58,650 | 67,580 | 75,10 


37,250 | 52,800 | 64,560 | 74,510 | 83,270 
64,240 | 90,760 | 111,010 | 128,040 | 142,950 
101,520 | 143,260 | 175,120 | 201,780 | 225,150 


Note 1 scfh = 0.008 l/s. 


S = Specific gravity of the gas 

L = Equivalent length of pipe, ft (m) 

P = Pressure drop, psi (kPa) 

A = Average pressure in the pipe, psi (kPa) 
K = constant for any given pipe size 

D = Inside diameter of the pipe, in (mm) 


The proper pressure chart is selected by first determining initial system pressure 
and then establishing the acceptable friction loss. Next, calculate the equivalent 
run of pipe from the outlet of the meter or regulator (or point of connection) to 
the farthest point of use. This is the only distance used. Using a straight-edge as a 
guide, find the pipe size at the intersection of the pipe length row with a cfh 
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(l/s) column that equals or exceeds the calculated cfh (l/s) figure at each design 
point. Branches are sized using the same distance column but with the cfh (l/s) 
figure from the branch to connection with the main. The straight-edge does not 
move. Start the sizing procedure from the farthest point in the system. 

The high-pressure table is used by first deciding on the total pressure loss accept- 
able for the entire system. Entering with the inlet pressure and the total system 
pressure drop, find the lowest cfh (l/s) figure that equals or exceeds the calculated 
cfh (l/s). Read the size at the head of the correct column. Interpolate to find the 
actual gas flow when using intermediate pressure and friction loss figures. 


TABLE C17.11 Specific Gravity Multipliers 


Flow rate Flow rate 
Specific capacity Specific capacity 
gravity multiplier gravity multiplier 
0.35 1.310 1.00 0.775 
0.40 1.230 1.10 0.740 
0.45 1.160 1.20 0.707 
0.50 1.100 1.30 0.680 
0.55 1.040 1.40 0.655 
0.60 1.000 1.50 0.633 
0.65 0.962 1.60 0.612 
0.70 0.926 1.70 0.594 
0.75 0.895 1.80 0.577 
0.80 0.867 1.90 0.565 
0.85 0.841 2.00 0.547 
0.90 0.817 2.10 0.535 


Fuel gases with different heating values from that of NG generally have a specific 
gravity proportional to NG. If a gas fuel with a different specific gravity is being 
used, the multipliers found in Table C17.11 can be used to adjust the flow rate 
found in the NG sizing tables. 


Example C17.1: Design Example 


Refer to Fig. C17.4 for a schematic diagram of a piping network. 


1. Determine the lowest initial system pressure after the meter assembly. For 
this example, a pressure of 6 in WC (1.2 kPa) has been obtained from the 
utility company. 

2. Select the allowable pressure drop. Since the pressure is low, a small pressure 
drop of 0.3 in WC (0.07 kPa) is selected. 


3. Calculate the diversity factor to be used. For this example, no diversity will 
be used. 


4. Calculate the equivalent length of piping. With a measured length of 400 ft (120 
m), an additional length of 200 ft (63 m) is added for fittings, giving an equivalent 
length of 600 ft (183 m). 


6880 


150' (45.7 m) 


400' (121.9m) 


To 
site Outlet 
main A 
I SECTION 3 SECTION 2 SECTION 1 
To site, | | 
main 


150 CFH 
(1.2 L/s) 


| 
SECTION 5 


SECTION 4 
100' (30.5m) 


NOTE: : 
ALL LENGTHS USED ARE 
DEVELOPED LENGTHS 


1800 CFH 
(14.2 L/s) 


Outlet 
B 


450 CFH 
(3.5 L/s) 


FIGURE C17.4 Piping network sizing example. 
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5. Calculate the flow rate at all of the design points (sections) with devices or 
outlets. The use is as follows: 


Outlet A = 150 cfh (1.2 l/s) 
Outlet B = 450 cfh (3.5 l/s) 


Outlet C = 1800 cfh (14.2 l/s) 
2400 cfh (68.9 1/s) 


6. Enter Table C17.9 (C17.9M) (Low-Pressure Gas-Sizing Table) with the equiva- 
lent length of run and the cfh at each design point. If the distances are not 
exactly those that appear on the chart, use the shorter length closest to that 
calculated and interpolate the cfh figure. 


7. 'The method of using the tables has been previously discussed in sizing methods. 
Using the 600 ft length and starting from the most remote point, find 3320 (the 
next-larger number than 2400 cfh design figure). Read 4 in size at the head of 
that column. Continue back toward the meter, sizing each section in turn. Each 
of the branches is sized using the cfh figure for that length of branch piping 
without moving the straight-edge. 


PIPE AND SYSTEM MATERIALS 


All of the piping materials used throughout the system must be listed in NFPA 54 
and other applicable codes. Often, the Plumbing Code will have provisions that 
apply to gas piping systems. 

The pressure rating of the various metallic components must exceed the working 
pressure of the system. Pipe and fittings are usually designated as "class" with a 
pressure-temperature rating. Class 150 means that Class 150 carbon steel flanges 
are rated for a working pressure of 285 psi at 100?F (1966.5 kPa at 38°C). The 
working pressure rating decreases with the increasing service temperature. Another 
designation, used mainly with valves, is a water oil and gas (WOG) rating. 150 psi 
WOG means a working pressure of 150 psi (1034.5 kPa) at ambient temperature. 
Refer to Chap. A10. 

For plastic pipe, a standard dimensional ratio (SDR) has a pressure rating for 
that particular pipe material and jointing method. For more details refer to Chap. D1. 


Site Underground Piping 


The most often used piping material underground on the site is high-density polyeth- 
ylene (HDPE) with heat-fused butt joints. Socket-type joints in large sizes have 
often been found to develop unacceptable stress in the pipe. The lower the standard 
dimension ratio (SDR) the higher pressure rating of pipe. Therefore, care must be 
taken to select the correct SDR pipe. The pipe shall be buried a minimum of 3.0 
ft (1 m) belowground and have a corrosion-resistant tracer wire placed in the pipe 
trench 6 in (150 mm) over the pipe. Another tracing method is to put a warning 
tape containing metallic material with the words “Natural Gas" on it. This is to 
allow location by a metal detector and to warn of the gas line immediately below 
the tape if digging has taken place without trying to locate the pipe beforehand. 
For larger lines and piping for high pressure the piping material of choice is black 
steel pipe, ASTM A106 or A53, with welded joints. To prevent corrosion, the pipe 
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exterior is protected with a factory-applied plastic coating or “‘mill wrapping," or 
it is field-wrapped. 


Interior Piping 
Piping above ground shall be metal; therefore a transition fitting from plastic pipe 
to metallic pipe is required, conforming to ASTM D2517. Refer to Fig. C17.5. 


Metallic pipe 
Epoxy coated 


Fusion-bonded epoxy 
coated, steel casing 


Butt fused 
90? PE elbow 


1-0" 


12" PE pigtail 
0.3m 


Epoxy-coated bolt on 
steel mounting stake 


2'-0"+ 


Concrete 


FIGURE C17.5 Typical transition fitting. 


Codes do not permit plastic pipe to be run aboveground. For aboveground lines, 
the piping and jointing methods depend on pipe size and system pressure. For 
piping up to 3 psig (21 kPa), black steel, ASTM A53 pipe is used with cast-or 
malleable-iron screwed fittings in sizes NPS 3 (DN 80) and smaller and butt-welded 
joints NPS 4 (DN 100) and larger. Pipe could be either seamless or welded. Where 
natural gas is considered “dry gas," type “L” copper pipe is finding widespread 
use. All piping for pressures over 3 psig (21 kPa) shall be steel with welded joints. 
Butt- or socket-welding fittings shall conform to ASME B16.9 and B16.11 respec- 
tively. See Chaps. A2 and A4. Screwed fittings shall be black malleable iron, class 
150 conforming to ASTM A197 and ASME B16.3. Refer to Chap. A4 for addi- 
tional details. 

It is common practice to connect appliances to building piping with a spiral- 
wound flexible metal hose with threaded ends, commonly called an appliance con- 
nector. They should be limited to approximately 6 ft (2 m) in length. 

Joints for HDPE should be butt-type, heat-fused joints. Socket-type joints have 
been found to introduce a stiffness in the joint area that is undesirable. Joints for 
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steel pipe shall be screwed for pipe sizes NPS 4 (DN 100) and smaller. Sizes NPS 
5 (DN 125) and larger should be welded. Flanged joints should be used only for 
equipment and valve connections. Dresser couplings, similar to mechanical joints, 
are another type of joint used for metallic pipe. 


Valves 


Shutoff valves shall be located in easily accessible locations and near appliances. 
Valves NPS 4 (DN 100) and larger are usually lubricated plug valves. Valves NPS 
3 (DN 80) and smaller are usually nonlubricated plug valves. Small valves used for 
appliances are plug valves called gas cocks. 

Check valves are usually swing-disk-type, having a cast iron-body with stainless 
steel type 316 trim and a soft seat. Sizes NPS 3 and smaller are usually provided 
with screwed joints. Larger sizes have flanged ends. 

In areas that are in active earthquake zones, special valves are available that 
will close automatically upon vertical or horizontal motion exceeding preset limits. 


SYSTEM TESTING AND PURGING 


Site Piping 


After installation of the pipe is complete, the site system shall be tested, purged 
of air, and then filled with natural gas. The testing phase shall be done with com- 
pressed air at a gauge pressure 50 percent higher than the highest pressure expected 
in the main. The larger the total volume of the pipe, the longer the test shall last. No 
loss of pressure shall be allowed. A strip chart arrangement is helpful to determine if 
any pressure is lost. 

As an example, the following is the recommended length of time for a NPS 6 
(DN 150) HDPE pipe to be tested: 


Length 

Feet Meters Test time, hr 
1,200 360 10 

950 285 8 

700 210 6 

450 135 4 

300 90 3 

200 60 2 


After successful testing, the line shall be purged of air with dry nitrogen or other 
inert gas. The reason for this is to prevent a flammable mixture of gas and air when 
the pipe is filled with natural gas for the first time. Calculate the volume of the 
piping and introduce an equal volume of nitrogen into the pipe. After the nitrogen 
purge, natural gas is then introduced until the nitrogen is displaced. It is recom- 
mended that the pipe then be left under pressure. 
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Interior Piping 


Test low-pressure gas piping (system pressure of 8 in Hg [27 kPa] or less) with air 
or fuel gas at 3 psi (21 kPa) for a minimum of one hour. Where system pressure 
in 9 in WC to 5 psig (2.2 to 34.5 kPa), test with air at 50 psi (345 kPa) for four 
hours without drop. Where system pressure is greater than 5 psig (34.5 kPa), test 
with air at 100 psig (690 kPa). Pressure shall be maintained for at least four hours 
without drop. A strip chart should be considered if a record of the test results 
is desired. 

After the piping distribution system is installed, it must be first blown clear of 
any debris, then pressure tested to assure a leakproof system. The final step is to 
purge all lines of air and introduce NG into the system prior to placing it in 
operation. The pipe terminal releasing gases to the atmosphere during the purging 
operation shall be located in a safe area and continuously supervised. 


LIQUEFIED PETROLEUM GAS (LPG) 


LPG is supplied to facilities from a truck or railroad tank car and is stored in tanks 
on-site as a liquid. Where usage warrants the installation, permanent tanks are 
installed on facility property and refilled directly from a tanker truck or railroad 
car. If the usage requirements are small, nonpermanent propane tanks containing 
liquid may be installed. The empty tanks are removed and replaced with full tanks. 

The liquid must be vaporized to produce a gas. Depending on the actual installa- 
tion and flow rate, the liquid can be vaporized in the storage tank (using heat gained 
through the storage tank wall) or by the use of an auxiliary vaporizer. The gas may 
be used as vaporized or, if it is a substitute supply for natural gas, it may have to 
be mixed with air to provide a lower heat content suitable for the specific application 
and equipment. 


LPG STORAGE TANKS 


Tanks used for the storage of propane are made of steel. They can be installed 
either above or below grade. Although underground tanks have an advantage of 
a more constant environment, most tanks are placed above ground because of the 
lower initial cost. The Environmental Protection Agency in the United States also 
has requirements. Because of the relatively high pressure developed by the propane 
vapor, all tanks must be designed in conformance with Sec. VIII of the ASME 
Boiler and Pressure Vessel Code. The vapor pressure developed in aboveground 
tanks is based on the ambient outside air temperature, and can be found from Fig. 
C17.6. For underground tanks, use a figure of 50°F (10°C). Typical capacities of 
large, standard tanks are shown in Fig. C17.7. The dimensions and capacity of 
smaller, standard tanks are summarized in Table C17.12. The dimensions vary 
slightly from manufacturer to manufacturer. For other, nonstandard tanks, refer 
to Fig. C17.8 for a simplified method for calculating the areas of tanks with various 
other configurations. 

Although it is common practice to classify containers as either portable or 
stationary, there are too many exceptions to make these classifications practical. 
Containers and storage tanks in the United States are referred to as either Depart- 
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FIGURE C17.6 Vapor pressure produced from different mixtures of propane and butane. 


ment of Transportation (DOT) cylinders (generally portable) or ASME tanks (gen- 

erally stationary). In the following discussions, all capacities referring to gallons 

are gallons of water, and all weights are of liquid propane, unless indicated otherwise. 
DOT cylinders range in size from 1 to 420 Ib (190 kg) capacity. Cylinders built 

in 1966 or earlier may bear the Interstate Commerce Commission (ICC) designation. 

ASME tanks range in size from 500 to 60,000 gals (2270 to 272,499 kg) capacity. 
The advantages of an underground tank are: 


1. The tank is not visible, a plus if aesthetics are a consideration. 


2. There is greater vaporization of liquid in the winter due to the constant tempera- 
ture, which is about 50°F (10°C). 


The disadvantages are: 


1. The tank may have to be anchored to prevent floating in areas of high water tables. 
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Overall Length 


15" flanged manway (quantity eat valva 
2” FNPT vapor with ah capacity.) 


85% liquid 
level 


2 1/27 FNPT E) 
float gauge E 
Fo 2" FNPT 
94" FNPF w/ rotary gauge 
1/27 FNPT : 
thermowell aes 
3" FNPT liquid 
2^ FNPT filler Steel saddles welded 
2" FNPT vapor Pier spacing or loose 


Dimensions and Capacities of Larger Tanks 


Capacity, in Dia, inches Length Pier Estimated 
gallons Spacing weight, Ibs 


FIGURE C17.7 Dimensions and capacities of larger tanks. 


TABLE C17.12 Dimensions and Surface Areas of Smaller Standard LP-Gas Tanks 


Dimensions Surface area (sq ft) 
Net Wetted surface 
propane Outside Total 
capacity | diameter Over-all surface 2596 3596 
gal, 60°F (in) length sq ft full full 
99 5 ft 7 in 35.1 : 8.75 | 14.0 
124 6 ft 11 in 43.5 : 10.8 174 
207 7 ft 5 in 58.3 14.8 23.3 
269 9 ft 6 in 74.6 17.6 29.8 
414 10 ft 0 in 96.9 24.2 38.7 
827 16 ft 1 in 172.6 ; 43.1 69.1 
1 gal = 4.546 1. 
1 ft = 0.304 m. 
lin = 25.4 mm. 


1 sq ft = 0.092 m’. 
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(Overall Length + .3 Outside 
Diameter) x Outside Diameter 
x 3.1416 


(Outside Diameter} Overall Length x Outside 


Diameter x 3.1416 


x 3.1416 


FIGURE C17.8 Area of nonstandard tanks. 


2. The initial cost is higher. 
3. Inspection and maintenance are more difficult. 


If the underground tank is subject to traffic or potential damage, the top should 
be a minimum of 2 ft below grade. In remote locations, 6 in of cover is considered 
adequate. A manhole giving access to the valves, gauges, connections, and so forth 
must be provided for maintenance and inspection. 

New tanks must be purged of both air and water prior to being placed in service. 
A concentration of 696 air is the maximum limit acceptable. Water should removed 
from the tank by the manufacturer, and the tank should be shipped to the site sealed. 


LPG EQUIPMENT ON THE SITE 


Factors to be considered in locating LPG equipment are: 


1. Code-required clearance from other buildings, property line, and any other 
equipment. These clearances also depend on insurance carrier requirements and 
client preferences. Factory Mutual requirements, indicated in Fig. C17.9, are 
considered conservative. Distances in NFPA 54 and those required by other 
insurance carriers vary, but are not longer. 


. Accessibility for fuel delivery. 


2 
3. Avoidance of underground utilities and structures. 
4. Avoid placing at low points of a site. 

5 


. Client preferences. 


Regulators 


The regulator for LPG is different from that used for natural gas service. The 
purpose of an LPG regulator is to reduce a variable inlet pressure to a constant 
outlet pressure under variable flow conditions. The following information is required 
to size a regulator: 


1. The minimum significant and maximum flow rate possible 


2. Maximum and minimum container pressure 
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FIGURE C17.9 Clearance from propane equipment to buildings and other areas. 
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3. Required outlet pressure desired 


4. Manufacturer's rating curves for the regulator 


The pressure developed inside the storage tank is produced by the vaporization 
of product inside the storage tank. This pressure is called the vapor pressure. This 
figure varies, depending on the ambient temperature. Figure C17.6 is a direct- 
reading chart to determine the vapor pressure for various mixtures of propane and 
butane that might be provided by suppliers. Outside temperatures can be found 
by requesting this information from the National Oceanographic and Atmospheric 
Administration (NOAA). 


TABLE C17.13 Regulator Relief Valve Settings 


Relief valve start-to-discharge 
pressure setting (percent of 
regulator delivery pressure) 


Regulator Delivery 
Pressure Minimum Maximum 


1 psig (6.9 kPa) or less 20096 30096 
Above 1 psig (6.9 kPa) but 

not over 3 psig (20.7 kPa) 14096 20096 
Above 3 psig (20.7 kPa) 12596 20096 


Regulators are manufactured in single- and double-stage models and are selected 
using the capacity and rating curves supplied by the manufacturer. If a relief valve 
is provided as part of the regulator assembly, refer to Table C17.13 for pressure set- 
tings. 


Pressure-Relief Devices 


The purpose of pressure-relief devices is to automatically vent propane vapor to 
the atmosphere when pressure in the system reaches a predetermined high level. 
It can be an integral part of a pressure regulator, separately installed on the storage 
tank, part of vaporizers and mixers, or in the piping system itself. 

The relief valve flow capacity is calculated on the basis of a full tank and the 
resultant vaporization of that volume of propane. For an underground tank, the 
capacity will be 3096 of the aboveground value. Refer to Table C17.14 to determine 
the required flow of propane based on the square foot (m?) area of the storage 
tank. All larger tanks must have a separate relief valve installed directly on the 
tank. If a single relief valve does not have the required flow capacity, multiple relief 
valves will be required. A typical tank relief valve is illustrated in Fig. C17.10. 

The final pressure setting of the relief valve is nominally 88 percent to 100 
percent of the design pressure of the tank, with a permitted error of +10 percent. 

Another pressure-relief device within the piping system is the external bypass 
valve, which relieves excessive pressure in an LPG pumping system upon reaching 
a high-pressure set-point, and returns the discharge back to the storage tank instead 
of to the atmosphere as is done by a relief valve. All LPG pumps require an external 
bypass valve. 
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TABLE C17.14 Relieving Capacity for Relief Valves on Tanks 


and Vaporizers 


Surface 
area, 
sq ft 


Surface 
area, 
sq ft 


Surface 
area, 
sq ft 


Note: Buried tanks require only 30 percent of the vent capacity shown. 

Minimum required rate of discharge in cubic feet per minute of air at 120 percent 
of the maximum permitted start-to-discharge pressure for relief valves to be used on 
containers other than those constructed in accordance with Department of Transporta- 
tion specifications. 

1 sq ft = 0.0929 m?. 

1 cfm = 0.472 l/s. 

Courtesy Factory Mutual 


Excess Flow Valve 


170 
175 
180 
185 
190 
195 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 


600 

650 

700 

750 

800 

850 

900 

950 
1,000 
1,050 
1,100 
1,150 
1,200 
1,250 
1,300 
1,350 
1,400 
1,450 
1,500 
1,550 
1,600 
1,650 
1,700 
1,750 
1,800 
1,850 
1,900 
1,950 
2,000 


C.869 


An excess flow valve permits the flow of vapor or liquid in both directions, but 
shuts off the flow of liquid or vapor in one direction when the flow exceeds a 
predetermined limit. It is recommended that an excess flow device be placed on 
all connections to a larger tank except for the safety relief valve and filler connection, 
which should have an integral one. 
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Courtesy: Factory Mutual 
FIGURE C17.10 Tank relief valve. 


The valve's capacity is calculated from the largest expected flow and its mounting 
position (horizontal or vertical). Valves are selected to close at between 150 and 
200 percent of maximum expected flow. 


Service Line Valves 


A service line valve controls the flow of propane from a DOT cylinder. This is a 
multipurpose valve that could contain a shut-off valve, relief valve, gauge, and filler 
valve all in one body. 


Filler Valves 


A filler valve permits the flow of liquid in one direction only, and is used for filling 
larger tanks with liquid. This valve contains an integral backpressure check valve 
that will prevent the loss of vapor or liquid from the tank if the fill hose or a fitting 
ruptures. A preferred location is at the filling connection used by the delivery 
truck hose. 
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Vapor-Equalizing Valves 


When large tanks are filled, the liquid propane added to the storage tank compresses 
the vapor in the tank. A vapor-equalizing line is connected between the vapor area 
of the receiving tank and the vapor area of the delivery truck during propane 
deliveries to equalize pressure in both containers and to lessen the head require- 
ments of the supply pump. The vapor-equalizing valve is mounted in the tank truck 
equalizing line hose connection and permits the flow of vapor both ways. 


Liquid Level Gauges 


When a larger tank is filled on the basis of volume, it is important that a liquid 
level gauge be installed on the tank to indicate the exact liquid level inside. There 
are several types available, such as a slip-tube, fixed-level gauge, magnetic float 
gauge, and rotary type. 


Miscellaneous Equipment 


In addition to the devices indicated, it is often desirable to install a liquid temperature 
gauge and a pressure gauge on a tank to aid in diagnosing any potential problem. 


Vaporizer 


A vaporizer is a device that converts liquid propane into a vapor in larger quantities 
outside of the storage tank. It is required when sufficient quantities of propane 
inside the storage tank cannot be vaporized quickly enough to satisfy the maxi- 
mum demand. 

There are two basic types of vaporizers: direct fired and indirect fired. The direct 
fired type uses the propane itself as fuel for the direct flame. The indirect type is 
available using steam, a glycol/water bath, or the lesser-used electric resistance 
heaters as a heat source. 


Propane Mixers 


A mixer, also called a blender or proportioner, is a device used to combine LPG 
and air. Experience has shown that a mixed gas content of 1400 Btu/cf with a 
specific gravity of 1.28 provides the best burning characteristics. Refer to Table 
C17.15 for properties of various mixtures of propane and air. 

Several methods can be used to accomplish mixing, such as a venturi and a 
proportional blender. 

The proportional blender is intended for exterior installation. Because the venturi 
principle is accurate only within a very limited flow range, this type of unit is either 
on or off. If the demand pressure is higher than 5 psi (34.5 kPa), the use of an air 
compressor will be required to raise the mixed-gas pressure. 

Another device is the modulating proportional blender. Suitable only for interior 
installation, these units are generally used for larger quantities and higher pressures 
than available from a venturi unit. 


TABLE C17.15 Propane/Air Mixtures 


Btu per Percentage Percentage Percentage Specific 
cubic foot of propane of air by of oxygen by gravity of 
of mixture by volume volume volume (orsat) the mixture 

2550 100.00 0.00 0.000 1.523 
2500 98.04 1.96 0.409 1.513 
2450 96.08 3.92 0.819 1.502 
2400 94.12 5.88 1.288 1.492 
2350 92.16 7.84 1.639 1.482 
2300 90.19 9.81 2.050 1.472 
2250 88.24 11.76 2.458 1.461 
2200 86.27 13.73 2.869 1.451 
2150 84.31 15.69 3.279 1.441 
2100 82.35 17.65 3.688 1.431 
2050 80.39 19.61 4.098 1.420 
2000 78.43 21.56 4.506 1.410 
1950 76.47 23.53 4.918 1.400 
1900 74.51 25.49 5.317 1.390 
1850 72:55 27.45 5.737 1.379 
1800 70.58 29.42 6.149 1.369 
1750 68.62 31.38 6.558 1.359 
1700 66.67 33.33 6.964 1.349 
1650 64.70 35.30 7.378 1.338 
1600 62.74 37.26 7.787 1.328 
1550 60.78 39.22 8.197 1.318 
1500 58.82 41.18 8.606 1.308 
1450 56.86 43.14 9.016 1.297 
1400 54.90 45.10 9.246 1.287 
1350 52.94 47.06 9.835 1.277 
1300 50.98 49.02 10.245 1.267 
1250 49.02 50.98 10.654 1.256 
1200 47.06 52.94 11.064 1.246 
1150 45.09 54.91 11.476 1.236 
1100 43.13 56.87 11.886 1.226 
1050 41.17 58.83 12.295 1.215 
1000 39.21 60.79 12.705 1.205 
950 37.25 62.75 13.115 1.195 
900 35.29 64.71 13.524 1.185 
850 33.33 66.67 13.934 1.174 
800 31.37 68.63 14.344 1.164 
750 29.41 70.59 14.753 1.154 
700 27.45 72.55 15.163 1.144 
650 25.49 74.51 15.573 1.133 
600 23.53 76.47 15.982 1.123 
550 21.56 78.44 16.394 1.113 
500 19.61 80.39 16.892 1.103 
450 17.65 82.35 17.211 1.092 
400 15.69 84.31 17.621 1.082 
350 13.73 86.27 18.031 1.072 
300 11.76 88.24 18.442 1.062 
250 9.80 90.20 18.852 1.051 
200 7.84 92.16 19.261 1.041 
150 5.88 94.12 19.670 1.031 
100 3.92 96.08 20.081 1.021 
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LPG SYSTEM DESIGN 


Prior to sizing components, initially decide what equipment (such as pumps, vaporiz- 
ers, and so forth) may be required, if the tank is to be aboveground or belowground, 
and select the proposed location of the tank and other required equipment on the 
site. Determine if the propane system will be in constant use or used only periodi- 
cally, such as for emergency operation or as an occasional substitute for interrupted 
natural gas. 

Calculate the maximum hourly and daily fuel gas demand and determine if this 
demand is continuous, such as that for a process used all day, or intermittent, such 
as that used for heating purposes. If only a small part of the demand is continuous, 
the entire load should be considered continuous. 


Storage Tank Sizing and Selection 


The storage tank volume is based on one of two factors: a reasonable return schedule 
for the local supplier, or the amount of liquid propane that has to be vaporized by 
the ambient air in order to satisfy the maximum demand. 

Vaporization directly from a tank, if economically feasible, is used to avoid 
another mechanical device (a vaporizer) that requires constant maintenance. If a 
single tank sized to optimum criteria will not provide the required vaporization 
rate, a single oversized tank or two smaller, separate tanks are often installed if 
space conditions and initial cost are acceptable. 


Tank Size Based on Return Schedule. Using the return schedule, a preliminary 
starting point for determining actual capacity is a 10-day usable supply for continu- 
ous demand and 3 to 5 days usable supply for intermittent, or standby purposes. 
With the maximum propane level of 85 percent and the minimum level between 
10 and 1546 of the capacity, the usable tank capacity is about 75 percent of the 
total tank capacity. 


Tank Size Based on Vaporization Rate of Propane. When using vaporization 
rate as the determining factor in selecting the size of the storage tank, the tank 
must be large enough to vaporize the maximum flow rate of propane required by the 
facility with the tank at its minimum capacity and when the outside air temperature is 
at its lowest. For aboveground tanks, the rate of vaporization is calculated using 
the wetted area of liquid propane in the tank. For underground tanks, the entire 
area of the tank is used even if the tank is partially full. 

Two methods will be discussed. The first and most accurate method will use 
various formulas to calculate the wetted area of a tank that will vaporize the required 
amount of propane. The second, although slightly less accurate, is the direct reading 
of the vaporization rate from prepared charts. This is a more conservative method 
and by far the easiest. 

Formula Method. Using this method, the wetted area of the proposed 
aboveground tank necessary to vaporize the required amount of propane will be 
calculated. If an underground tank is proposed, the area calculated shall be that 
of the entire tank. 

The basic formulas are as follows: 


1. The formula for total heat of vaporization from an aboveground tank is: 


Q=UxAxTD (C17.4) 
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2. The formula for total heat of vaporization from a belowground tank is: 


Q=UxAxI15 (C17.5) 
3. Equation C17.4 transposed to find the wetted area is: 
A 
Q = —— (C17.6) 


U x (TD or 15) 


4. The formula used to calculate the actual amount of propane vaporized is: 
V= > (C17.7) 


where Q = the total amount of heat (in Btus) required to vaporize a quantity of 
liquid propane. 
U = rate of heat transfer through the walls of a steel tank, per sq. ft. of wetted 
area/temperature difference in °F (°C). Generally accepted figures are 
2 Btu/ft?/°F for aboveground tanks, based on severe conditions and 0.5 
Btu/ft?/°F for underground tanks. 


A — the wetted surface area of the aboveground tank containing liquid 
propane, or the entire surface area of an underground tank, in ft’. 
TD = the temperature difference between ambient outside air reached during 
the coldest part of the day and the temperature of propane in the tank 
reached during the warmest part of the day, in °F (°C). One factor that 
must be taken into consideration is the formation of frost on the outside 
of the storage tank. Since frost acts as an insulation, its formation must 
be avoided. Table 17.16 will give the minimum temperature difference 
to avoid frost formation. When predicted conditions are outside the 
figures required to enter the table, use the actual temperature difference. 
15°F (8.3°C) is the generally accepted temperature difference for under- 
ground tanks. 


V — gallons of propane vaporized under design conditions. 


TABLE C17.16 Difference Between Air Temperature and Temperature of Frost 
Formation, °F 


Air temperature Relative humidity 


50 


* Tf the full temperature difference is used in these cases, the minimum tank pressure may be too low 
for satisfactory performance. 
1°F = 0.55°C. 
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L = latent heat of vaporization of propane, Btu/gal. This is the amount of 
heat required to change liquid propane to a vapor. Interpolate to find 
intermediate values when necessary. Refer to Table C17.17. 


TABLE C17.17 Latent Heat of Vaporization for 
Propane 


Ambient air temp. Propane 


Btu per Ib Btu per gal 


180.8 765 
178.7 755 
176.2 745 
173.9 735 
171.5 725 
169.0 715 
166.3 704 
163.4 691 
160.3 678 
156.5 662 
152.6 645 


The following methodology is used to select a tank with propane vaporization 
rate as criteria, solving for Eq. C17.6: 


1. Establish the lowest predicted ambient air temperature, highest predicted relative 
humidity, and the required propane gas demand in Btu/hr/gal. 


2. Convert Btu/hr demand into gal/hr. Refer to Table C17.2. 
3. Transpose Eq. C17.7 to find Q. Refer to Table C17.14 to find L. 


4. Substitute all figures into Eq. C17.6 and solve for the wetted area. After 
calculating the required minimum area, consult manufacturers’ catalogs 
for a size tank providing that figure with the minimum level of propane in the 
storage tank. 


Example 17.2: As an example, calculate the selection of a tank using the minimum 
area of a tank as the criteria. The following project conditions exist: 


. Lowest predicted temperature: 30°F (—1°C) 
. Highest predicted humidity: 60 percent 
. Required propane demand: 172,000 Btu/hr 


A UN B 


. Type of use: Continuous 
First, convert Btu/hr into gal/hr using figure obtained from Table C17.2. 


172,000 — 91,547 — 1.44 gal/hr 
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Second, find L using Table C17.17. Entering the table with 30°F, find 163.4 Btu, 
Third, calculate Q using transposed Eq. C17.7 to read Q = LX V 


Q — 1634 x 144 
Q —2353 


Fourth, find TD using Table C17.16. 
Fifth, substitute the above figures in Eq. C17.6. 


235.2 72353 
| 2x1ll 22 


The result of the previous calculation is a tank area that will contain the absolute 
lowest volume of propane that will adequately supply facility needs. A higher 
volume should be used as an actual “low level." The additional capacity will be 
required to allow enough time for a delivery before the volume in the tank falls 
below the level needed to supply the facility. This low level will be a percent of 
the total capacity of the tank that will be used to select the actual, total capacity 
of the storage tank in conjunction with the proposed schedule of the supplier. Select 
a “standard” tank with a slightly greater volume than that calculated. If a single 
tank selected for adequate vaporization results in a size that is impractical, two 
tanks can be used. If the size of the tank(s) is still too large or has too high an 
initial cost, the only other solution is to provide a vaporizer. 

Direct Reading Method. Figure C17.11 provides a nomigram for providing 
direct reading of propane vaporization from larger tanks. Table C17.18 provides a 
table for a direct reading of propane vaporization from smaller tanks. Both Fig. 
C17.11 and Table C17.18 are based on a tank that is 25 percent full. Reduce the 
figures by 10 percent to approximate tanks 15 percent full. 


LPG Pipe-Sizing Methods 


The tables used for NG pipe sizing are used to size LPG piping. With a specific 
gravity of 1.52, a conversion factor of 0.63 is used to reduce the flow rate. Dedicated, 
direct-reading tables for LPG are available in NFPA 54. 

Propane is often mixed with air to provide a direct substitute for natural gas. 
The most common mixture has a value of 1450 Btu/ft. With a specific gravity of 
1.30, a conversion factor of 0.69 is used to reduce the flow rate. 

The method of using the charts was discussed previously for NG pipe sizing. 


LPG Pumps 


Two pump types are commonly used in LPG service; sliding vane positive displace- 
ment and turbine regenerative centrifugal pumps. In general, the sliding vane positive 
displacement pump is used for flow from 40 to 350 gpm (3 to 27 I/s). The turbine 
regenerative pump is generally used for constant flows and pressure when the flow 
is less than 40 gpm (3 l/s), such as those used to fill propane tanks for home use. 
Either pump type could be used for any pressure for which it is rated. 

To calculate the pump head, add the following: 


1. The vapor pressure of the storage tank into which the liquid propane will be 
pumped. If there is a vapor return line, this will not be a factor. 


LL8'O 


8 


N 


Scale 
M 


Vaporization Rate 


sch gph 
10,000 


1,000. 


88 


8 88588 


23 


S B 8 8 sas 


€ a NDOO 


LJ 


Scale 
v 
Tank Vol, 
Gross gals. 


6,000 


Basis of Calculations: 


Tank 25% Full 


Wind velocity 5 mph 
Latent heat 175 Btu/ib (ave value for + 10*f to -30*F) 


Tanks horizontal 


Heads hemispherical 

Tank Sizes 
Vol, ID, Tangent 
Gross in Length 
gais 

30,000 124 3/4 40ft, Sin. 

18,000 124 34 21 ft, 6in. 

12,000 84 37 ft. 

10,000 72 43 ft, 3 1/2 in. 
8,000 72 36 ft, 7 in. 
6,000 72 24 ft, 4 1/2 in. 
1,000 4012 12 ft, 8 12 in. 

500 401/2 51t, 31/2 in. 

Example: 


Find vaporization rate for 30,000 gal tank at 
O*F ambient temp and 10 psig tank pressure. 
Draw a line from 0°F on scale 1 to 10 psig 

on scale Il, Read AT of 26.8°F on scale Ill. 
From 26.8°F on scale IV draw a line to 30,000- 
gal tank on scale V. Read the vaporization 
rate of 1750 standard cfh or 48 gph on scaleVi. 


*This is the minimum pressure that is required 
upstream of the regulator at the storage tank 
to satisfy the maximum fuel requirements. 


Scale 
m 


Tank Pressure, * tl 


psig AT OF) 
5 ‘F 


40 


24 


3 


& & & 8 


FIGURE C17.11 Vaporization of propane from tanks. 
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TABLE C17.18 Vaporizing Capacity of LP-Gas Cylinders (cubic feet per 
hour of propane). 


Atmospheric temp. Cylinder capacity—pounds LP-gas 
°C °F 20 100 150 300 420 
15.6 60 16 31 50 60 95 
—14 30 10 20 33 46 63 
122 10 7 13 21 30 41 
—17.8 0 5 10 15 22 30 
-253 —10 3 6 10 15 19 
Note: The above capacities are based on the assumption that the cylinder is 2596 
filled. It does not include effect of sensible heat. These figures are on the conservative side, 
and should 


be used as a guide only. They are based on the cylinder being in the shade in 
still air, and on continuous withdrawal. Due to beneficial effect of drafts, sunlight, radiation 


and intermittent operations, most actual installations will have a greater capacity than 
shown in the table. 


1 cfh = 0.028 m?/h. 


TABLE C17.19 Resistance of 1-Ft Lengths of Schedule 40 Steel Pipe (Expressed 
in Feet of Head of Liquid LP-Gas)” 


Flow-rate 
U. S. gal 
per minute Wo 3 


Nominal pipe size (NPS) 


4 


1 ft head = 3.0 kPa. 
1 gpm = 0.075 l/s. 
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TABLE C17.20 Resistance of Valves and Fittings to Flow of Propane Liquid Expressed 
in Equivalent Feet of Pipe 


Pipe size 


3 


Type valves 
and fittings 80 


Straight-through 10 
ball, and plug 
valves, same 
size as pipe 

Globe valves, 
wide open, 
same size as 
pipe 

Angle valves, 
wide open, 
same size as 
pipe 

Swing check 
valves, same 
size as pipe 

90? elbow, same 
size as pipe 

45? elbow, same 
size as pipe 

Tee, flow- 
through side 
outlet, same 
size as pipe 

Tee, flow 
straight 
through, 
same size as 

pipe 

Strainer, same 

size as pipe 
Strainer, next 
larger size 
than pipe 
Bushing or 
reducer, to 
one size 
larger or 
smaller 


Figures shown represent average resistance-to-flow values. 
1 ft = 0.304 m. 
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TABLE C17.21 Resistance-to-Flow of 50-Ft Lengths of LP-Gas Delivery Hose of Various 
Sizes and at Various Delivery Rates, 60°F (15.6°C) 


Delivery 
rate Pressure drop, psi? 


NPS % NPS %4 NPS 1 NPS 1% NPS 1% 
DN 15 DN 20 DN 25 DN 32 DN 40 


8.1 1.1 
30.0 4.0 
64.6 8.5 

Too high 14.4 
Too high 22.1 
Too high 31.0 
Too high 54.0 
Too high | Too high 
Too high | Too high 
Too high | Too high 
Too high | Too high 
Too high | Too high 
Too high | Too high 


1 psi = 6.9 kPa. 


2. The friction loss of the liquid through the piping network. Refer to Table C17.19 
for the friction loss of liquid propane through steel piping. Table C17.20 provides 
the losses through fittings in equivalent feet of steel pipe. 


3. The friction losses of liquid propane through delivery hose in psi (kPa). Refer 
to Table C17.21. 


4. Static head difference between the supply and receiving points. 


5. The resistance to flow from meters, filler valves, and so forth. Obtain this informa- 
tion from manufacturers. 


6. Add all pressure obtained from steps 1 through 5 and add 10 psi (69 kPa) to 
have some additional pressure available. This figure is the total head requirement 
for the pump. 


7. The flow rate is determined from the specific application. 


Piping Materials 


The piping materials are the same as for the NG system. 


LPG SYSTEM TESTING AND PURGING 


After the piping distribution system is installed, it must be first blown clear of any 
debris, then pressure-tested to ensure a leakproof system, and finally purged and 
replaced with NG prior to being placed in operation. The pipe terminal releasing 
gases to the atmosphere during the purging operation shall be located in a safe 
location and continuously supervised. 

The testing and purging are the same as for the NG system. 
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SCOPE 


This chapter reviews the principal properties and uses of thermoplastics piping, 
discusses its advantages and limitations, and presents general and basic information 
on materials, properties, standardization, design, and installation. This information 
is intended to guide the reader in evaluating the applicability of thermoplastics 
piping for an intended application; in choosing the appropriate material and product; 
and in its proper design and installation. References are provided for more detailed 
information and for further guidance on these and related subjects. 


INTRODUCTION 


Plastics piping is made from either of two basic groups of synthetic materials, 
thermoplastic and thermosetting. Thermoplastics can be softened and reshaped re- 
peatedly by the application of heat. In contrast thermosetting materials are irrevers- 
ibly set, or cured, or hardened into a permanent shape during factory manufacture. 
Once hardened into their final shape, thermosetting products cannot be softened 
and therefore may not be reshaped by heating. 

Thermoplastic materials include minimal reinforcements, whereas thermosetting 
resins are almost always combined with reinforcements (such as glass fibers) and 
sometimes fillers (such as sand) to produce structurally integrated composite con- 
structions. Chapter D2 in this handbook presents information on fiberglass rein- 
forced thermosetting resin piping. 
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Principal Materials 


Thermoplastics account for the lion's share of plastics used for piping. During 1989, 
over 95 percent of the approximately 7.5 billion pounds (3.75 million metric tons) 
of plastics that went into pipe, conduit, and fittings consisted of thermoplastics.' 
Polyvinyl chloride (PVC) accounted for about three-quarters of all thermoplastic 
pipe. The second most widely used thermoplastic is polyethylene (PE), accounting 
for about a 15 percent share, followed by acrylonitrile-butadiene-styrene (ABS), 
representing about a 4 percent share. The balance about 6 percent, consists of 
special-purpose materials, such as chlorinated polyvinyl chloride (CPVC), cross- 
linked polyethylene (PEX), polybutylene (PB), polypropylene (PP), and various 
fluorinated polymers, principally polyvinylidene fluoride (PVDF). In 1955, total 
U.S. shipments of thermoplastic pipe were under 40 million pounds (18,000 metric 
tons). By 1998, the rate of shipments had increased almost 200 fold, and it is 
still growing. 

More footage of thermoplastic pipe is now being installed than that of all other 
types of piping materials combined However, the total dollar value of installed 
thermoplastic pipe is second to and only about one-quarter of that of the leading 
material, steel? This is because the principal use of thermoplastics piping is in the 
smaller sizes. But the very successful track record in these sizes has been leading 
to increasing acceptance and use of the larger diameters, which currently comprise 
the fastest growing segment. As of this writing, thermoplastic pipe is available 
through NPS 60* (DN1500) for pressure uses and NPS 108 (DN 2700) for sewer 
and drain applications. 

The first thermoplastic tubes were made in Germany during the 1930s from a 
PVC copolymer. Thermoplastics pipe was first manufactured commercially in the 
United States in 1940 from cellulose acetate butyrate (CAB) and was used by The 
Southern California Gas Company for distributing natural gas. Volume production 
commenced in 1948 when PE pipe was first offered for non-code-regulated water 
service applications. ABS and PVC pipe were first commercially made in the United 
States in 1949 and 1950, respectively. During the 1940s and 1950s many fundamental 
advances were introduced in polymer chemistry, materials formulation, and product 
fabrication technology, which laid the foundation for the thermoplastics pipe indus- 
try. Improvements in these areas are still continuing. 

However, the start of the evolution of thermoplastics piping as engineering 
materials is considered to have taken place in 1950 when an American Society for 
Testing and Materials (ASTM) group for plastics pipe standardization was orga- 
nized. Soon thereafter the first ASTM standards covering materials, test methods, 
and piping products began to be issued. At present over 180 ASTM standards 
define plastic piping, plastic piping materials, test methods, and recommended 
practices for joining and installation. Numerous plastics piping standards have also 
been issued by other organizations. A listing of the principal U.S. and Canadian 
plastic piping product standards is presented in Table D1.1. 


Available Products 


Plastics pipe and fittings are available in a vast array of materials, diameters, wall 
thicknesses, and designs. For nonpressure applications special wall constructions 
are offered—such as double wall, ribbed, and foamed core—which are designed 


* NPS 60 is size designator for 60-inch pipe. Refer to Chapter A1. 
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to more economically achieve a desired longitudinal and diametrical pipe stiffness. 
Most of these products are covered by national standards. Table D1.1, which lists 
standards that cover principal commercial products, also identifies each product's 
primary application and gives the range of nominal sizes covered by the standard. 
As the updating of existing and the writing of new product standards is a dynamic 
ongoing process, the reader is advised to contact standards-issuing organizations 
for the latest status. The American Society for Testing and Materials (ASTM),* 
for example, each year updates a volume of its “Annual Book of ASTM Standards" 
which includes all of its current standards covering plastics piping. The Plastics Pipe 
Institute (PPI) publishes a periodically updated report, PPI TR-5, which includes a 
comprehensive listing of North American and International Standards Organization 
(ISO) standards on thermoplastics piping. There are also many commercially avail- 
able piping appurtenances, such as identified in Table D1.2, that are fabricated 
from plastics but which are not covered by any national standard. In addition, 
some pipe and fitting manufacturers and their distributors can custom-fabricate 
components that may or may not be shown in product catalogs. These specials 
include manholes for both infrastructure and industrial applications. Fabricated 
fittings intended for pressure service are often reinforced by an overwrap with a 
glass-fiber thermosetting resin composite. 


Principal Uses 


Thermoplastics piping is routinely used for many common pressure and nonpressure 
applications. Approximately 80 percent of the newly installed mains and 90 percent 
of the services for gas distribution are made of PE. Over 90 percent of rural water 
distribution mains and over 40 percent of municipal mains are made of PVC. Most 
of the smaller-diameter piping installed for agricultural and turf irrigation is made 
primarily from PE and PVC. CPVC and PEX piping are increasingly used for hot/ 
cold water distributing piping for residential and other construction. In oil and gas 
production, significant quantities of PE pipe are used to convey water and well 
gases. Thermoplastics piping is also frequently used for commercial and industrial 
applications such as for conveying chilled and process waters, aqueous solutions of 
corrosive chemicals, slurries, foods, and substances that must remain uncontami- 
nated by metallic ions. 

More than half the tonnage of all thermoplastic pipe goes into nonpressure uses. 
Over 85 percent of the newly installed underground building sewer connections 
are made of PVC. PVC also accounts for a similar share of the sewer collection 
mains in sizes NPS 4 through 18 (DN 100 through 450). About 80 percent of new 
single-family dwellings utilize either PVC or ABS drain, waste, and vent (DWV) 
piping. Most drainage systems, including those for building foundations, leaching 
fields, agriculture, and road construction now consist of thermoplastics piping, 
mostly PE and PVC. And both PVC and PE are increasingly used for larger- 
diameter sewers, drains and culverts. One of the faster growing applications is the 
use of PE and PVC pipes of profile wall constructions for drainage, particulalry 
alongside and under roadways (see Fig. D1.1). Another is the rehabilitation of 
older sewers, drains, and pressure pipelines by the insertion of new PE or PVC 
pipes. In one rehabilitation technology a PE or PVC pipe is deformed when 


* Societies and associations that write standards or that offer information relating to plastics piping 
are listed at the end of this chapter. 

t Information on the rehabilitation of existing pipelines by the insertion of new themoplastics pipes may 
be obtained by contacting the North American Society for Trenchless Technology. See previous footnote. 
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TABLE D1.1 Principal Thermoplastic Piping Standards 


Nominal 
sizes 
Piping material* and Subject product, or abbreviated title of range 
product standardt standard (in) Principal applications 
ABS, PP and PVC 
ASTM D3311 DWV fittings patterns 14-8 Drain, waste & vent 
ABS and PVC 
ASTM D2680 ABS and PVC sewer pipe of composite wall 4-15 Sewer & drain 
construction 
ASTM F409 Accessible and replaceable tube and fittings 14-12 Drain, waste & vent 
ASTM F480 Thermoplastic water well casing 2-16 Water-well casing 
ASTM F1499 Coextruded, composite DWV pipe 14-8 Drain, waste & vent 
CSA B181.5 Coextruded ABS/PVC DWV pipe 14-6 Drain, waste & vent 
ABS, PVC & CPVC 
ASTM F1488 Coextruded composite pipe 2-12 Drain, waste & vent; sewer 
& drain; electrical & 
communications conduit 
ABS 
ASTM D1527 ABS Pipe, Schedules 40 and 80 V$-12 Cold water; industrial 
ASTM D2282 ABS Pipe, dimension ratio series V$-12 Cold water; industrial 
ASTM D2468 ABS Socket fittings, Schedule 40 V8-8 Cold water; industrial 
ASTM D2661 ABS DWV pipe and fittings 174-6 Drain, waste & vent 
ASTM D2750 ABS Utility conduit and fittings 1-6 Electrical duct 
ASTM D 2751 ABS Sewer pipe and fittings 3-12 Sewer & drain 
ASTM F 628 ABS Foam core DWV 114-6 Drain, waste & vent 
CSA B181.1 ABS DWV pipe and fittings 14-6 Drain, waste & vent 
PA 
ASTM F1733 Butt heat fusion fittings for polyamid pipe V6-48 Gas distribution 
and tubing 
CSA B137.12 Polyamid piping systems for gas service Ve-8 Gas distribution 
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TABLE D1.1 Principal Thermoplastic Piping Standards (Continued) 


Nominal 
sizes 
Piping material* and Subject product, or abbreviated title of range 
product standard} standard (in) Principal applications 
PB 
ASTM D2662 PB pipe, dimension ratio series, ID base Yo-6 Hot & cold water, industrial 
ASTM D2666 PB tubing Ve-2 Hot & cold water; industrial 
ASTM D3000 PB pipe, dimension ratio series Vo—6 Hot & cold water; industrial 
ASTM D3309 PB tubing for hot & cold water distribution Vs-2 Hot & cold water 
ASTM F809 Larger diameter PB pipe 3-42 Hot & cold water; industrial 
ASTM F845 Plastic insert fittings for PB pipe & tubing Va Hot & cold water; water 
service 
ASTM F878 PB Drip irrigation tubing Ve Drip irrigation 
ASTM F1380 Metal insert fittings for PB tubing 38-1 Hot & cold water 
CSA B137.7 Pipe for cold water distribution systems V6-2Vs Hot & cold water; water 
service 
CSA B137.8 PB Piping for pressure applications Ya—2 Hot & cold water; industrial 
PE, PVC & PA 
ASTM D2513 Thermoplastic gas pressure pipe and fittings V4-24 Natural gas & LPG 
distribution 
PE & PP 
CSA B181.3 Polyolefin drainage systems 14-6 Industrial 
PE 
AASHTO M252 Corrugated PE drainage tubing 3-15 Subsurface drainage 
AASHTO M294 Corrugated PE pipe 12-24 Subsurface drainage 
API 15LE PE line pipe V6-12 Oil and gas production; 
cold water 
ASTM D2104 PE pipe, Schedule 40, ID based Ye-6 Cold water, industrial 
ASTM D2239 PE pipe, dimension ratio series, ID based Yo-6 Cold water; industrial 
ASTM D2447 PE Pipe, Schedules 40 & 80 Yo-12 Cold water; industrial 
ASTM D2609 Plastic insert fittings for PE pipe Vo—6 Cold water 
ASTM D2683 PE fittings, socket fusion type Ve-4 Cold water; natural gas; 
industrial 
ASTM D2737 PE tubing Ve-2 Cold water 
ASTM D3035 PE pipe, dimension ratio series Vo—6 Cold water; industrial 
ASTM D3261 PE fittings, butt fusion type V6-48 Cold water; natural gas; 


industrial 


8d 


TABLE D1.1 Principal Thermoplastic Piping Standards (Continued) 


Nominal 
sizes 
Piping material* and Subject product, or abbreviated title of range 
product standard* standard (in) Principal applications 
PE (Continued ) 
ASTM F405 PE corrugated tubing & fittings 3-6 Drainage; leaching fields 
ASTM F667 PE corrugated tubing, larger diameter 8-24 Drainage; leaching fields 
ASTM F714 PE pipe, larger diameter 3-48 Cold water; sewer & drain; 
industrial 
ASTM F771 PE pipe for irrigation Va-6 Irrigation 
ASTM F810 PE pipe for drainage & waste disposal 3-6 Drainage; leaching fields 
ASTM F892 PE corrugated pipe with smooth interior 4 Sewer; drain; conduit 
ASTM F894 PE profile wall pipe, large diameter 18-120 Sewer; drain; industrial 
ASTM F1055 PE electrofusion fittings Y-12 Water; natural gas; 
industrial 
ASTM F1533 Deformed PE liner for pipeline 3-18 Rehabilitation of existing 
rehabilitation pressure & non-pressure 
pipelines 
ASTM F1759 PE manholes for subsurface applications = Sewer & drain; industrial 
AWWA C901 PE pipe and tubing for water service V2-3 Cold water service 
AWWA C906 PE pipe for water distribution & 4—63 Water distribution & 
transmission transmission 
CSA B137.1 PE pipe, tubing and fittings for cold water Vo-6 Cold water, industrial 
CSA B137.4 PE piping (pipe & tubing) for gas service 2—8 Natural gas distribution 
CSA B137.4.1 Electrofusion-type PE fittings for gas service 2—8 Natural gas distribution 
CSA B182.6 Profile PE pipe and fittings 4—48 Drainage; leaching fields 
PE/AL/PE 
ASTM F1282 Polyethylene/Aluminum/Polyethylene Y4-1 Cold water service; 
composite pressure pipe industrial 
CSA B137.9 Polyethylene/Aluminum/Polyethylene Y4-1 Cold water service; 
composite pressure piping industrial 


ea 


TABLE D1.1 Principal Thermoplastic Piping Standards (Continued) 


Nominal 
sizes 
Piping material* and Subject product, or abbreviated title of range 
product standard* standard (in) Principal applications 
PEX 
ASTM F876 Cross-linked PE tubing Y4-2 Hydronic heating 
ASTM F877 Cross-linked PE tubing Y4-2 Hot & cold water 
distributing 
ASTM F1807 Metal insert fittings utilizing a copper crimp 98-1 Hot & cold water 
ring for cross-linked PE tubing 
CSA B137.5 Cross-linked PE tubing systems Y4-2 Hot & cold water 
PEX/AL/PEX 
ASTM F1281 Cross-linked PE/Aluminum/Cross-linked PE Y4-1 Hot & cold, hydronic 
composite pressure pipe heating 
CSA B 137.10 Cross-linked PE/Aluminum/Cross-linked PE Y4—-1 Hot & cold water; hydronic 
composite pressure piping heating 
PP 
CSA B137.11 Polypropylene pipe and fittings for pressure 38-3 Industrial 
applications 
PVC 
AASHTO M278 PVC Drainage pipe — Drainage 
ASTM D1785 PVC Pipe, Schedules 40, 80 & 120 6-12 Cold water; industrial 
ASTM D2241 PVC Pipe, Dimension Ratio Series 18-38 Cold water; industrial 
ASTM D2466 PVC Socket fittings, Schedule 40 V8-8 Cold water; industrial 
ASTM D2467 PVC Socket fittings, Schedule 80 V8-8 Cold water; industrial 
ASTM D2665 PVC DWV Pipe & fittings 14-12 Drain, waste & vent 
ASTM D2672 Specification for solvent cement type PVC V&-12 Cold water; industrial 
pipe joints 
ASTM D2729 PVC drain pipe & fittings 2-6 Drain; leaching fields 
ASTM D2949 PVC thin walled DWV pipe 3 Drain, waste & vent 
ASTM D3034 PVC sewer pipe & fittings 4-15 Sewer & drain 
ASTM F512 PVC conduit for buried applications 1-6 Electrical duct 
ASTM F679 PVC sewer pipe & fittings, larger diameter 18-36 Sewer & drain 
ASTM F758 PVC underdrain piping 4-8 Drain 
ASTM F789 PVC sewer pipe, 46 psi stiffness 4-15 Sewer & drain 
ASTM F794 PVC sewer pipe, ribbed wall 4—48 Sewer & drain 
ASTM F891 Coextruded PVC pipe with a cellular core 2-18 Drain, waste & vent; sewer 


& drain 
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TABLE D1.1 Principal Thermoplastic Piping Standards (Continued) 


Nominal 
sizes 
Piping material* and Subject product, or abbreviated title of range 
product standard* standard (in) Principal applications 
PVC (Continued) 
ASTM F949 PVC sewer pipe, corrugated wall, smooth 4-10 Sewer & drain 
interior surface 
ASTM F1336 PVC gasketed sewer fittings 4-27 Sewer & drain 
ASTM F1483 Oriented PVC pipe 4-16 Water distribution & 
transmission 
ASTM F1504 Folded PVC pipe for pipeline rehabilitation 4-15 Rehabilitation of existing 
sewers and conduits 
ASTM F1732 PVC sewer & drain pipe containing recycled 2-6 Sewer & drain 
material 
ASTM F1760 Coextruded PVC non-pressure pipe 4-15 Drain, waste & vent; sewer 
containing recycled material & drain; electrical & 
communications duct 
ASTM F1803 PVC closed profile gravity pipe made to 18-60 Sewer & drain 
controlled inside diameters 
AWWA C900 PVC pipe for water distribution 4-12 Water distribution 
AWWA C905 PVC pipe for water distribution & 14-36 Water distribution & 
transmission transmission 
AWWA C907 PVC gasketed fittings for water 4-8 Water distribution 
CSA B1372 PVC gasketed fittings for water 4-12 Water distribution 
CSA B 137.3 PVC pipe for pressure applications Ve-48 Cold water, industrial 
CSA B1812 PVC DWV pipe and fittings 114-24 Drain, waste & vent 
CSA B182.1 Drain and sewer pipe and fittings 2-6 Drain & sewer piping 
CSA B1822 PVC sewer pipe and fittings 3-48 Sewer collection 
CSA B182.4 Profile wall PVC sewer pipe and fittings 4—48 Sewer collection 
CSA B182.7 Multilayer PVC sewer pipe having 4—48 Sewer collection 
reprocessed-recycled content 
CSA B196.3 PVC underground telecommunications cable 2%-4 Communications ducting 


ducting and fittings 
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TABLE D1.1 Principal Thermoplastic Piping Standards (Continued) 


Nominal 
sizes 
Piping material* and Subject product, or abbreviated title of range 
product standard* standard (in) Principal applications 
NEMA TC-2 PVC electrical conduit Vo—6 Electrical conduit 
NEMA TC-3 PVC conduit fittings %-6 Electrical conduit 
UL 514 PVC electrical outlet boxes and fittings Vo—6 Electrical conduit 
UL 651 PVC rigid non-metallic conduit %-6 Electrical conduit 
CPVC 
ASTM D2846 CPVC hot & cold water piping 38-2 Hot & cold water 
ASTM F437 CPVC fittings, threaded, Schedule 80 Y4-6 Hot & cold water, industrial 
ASTM F438 CPVC fittings, socket, Schedule 40 l4-6 Hot & cold water, industrial 
ASTM F439 CPVC fittings, socket, Schedule 80 l4-6 Hot & cold water, industrial 
ASTM F441 CPVC pipe, Schedules 40 and 80 Y4-12 Hot & cold water, industrial 
ASTM F442 CPVC pipe, dimension ratio series Y4-12 Hot & cold water, industrial 
CSA B137.6 CPVC pipe, tubing and fittings for hot & 38-2 Hot & cold water, plumbing 
cold water distributing systems 
PVDF 
ASTM F1673 PVDF corrosive waste drainage piping 114-12 Industrial 


* Materials: ABS—Acrylonitrile-butadiene-styrene, CPVC— Chlorinated polyvinyl chloride, PA — Polyamide (Ny- 
lon), PB—Polybutylene, PE— Polyethylene, PEX— Cross-linked polyethylene, PE/AL/PE— Polyethylene/aluminum/ 
polyethylene composite, PEX/AL/PEX—Cross-linked polyethylene/aluminum/cross-linked polyethylene composite, 


PP—Polypropylene, PVC—Polyvinyl Chloride, PVDF— Polyvinylidene Fluoride. 
t Issuing organizations: 


AASHTO (American Association of State Highway and Transportation Officials, Room 341, National Press 
Building, Washington, DC 20045. 
API (American Petroleum Institute), Publications and Distribution Section, 1200 L Street, N.W., Washington, 


DC 20005. 


ASTM (American Society for Testing and Materials), 100 Barr Harbor Drive, West Conshohocken, PA 19428. 
CSA (Canadian Standards Association), 178 Resdale, Blvd., Etobicoke, Toronto, Ontario, Canada M9W 1R3. 
NEMA (National Electrical Manufacturer's Association), 2101 L Street, N.W., Suite 300 Washington, DC 20038. 
UL (Underwriter's Laboratories, Inc.), 333 Pfingsten Road, Northbrook, IL 60062. 
A current listing of North American plastic piping standards is available in PPI Technical Report TR-5, Standards 


for Plastics Piping, Plastics Pipe Institute, 1801 K Street, N.W., Suite 600K, Washington, DC 20006. 
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TABLE D1.2 Size Range of Readily Available Thermoplastic Valves 
and Other Appurtenances (nominal pipe sizes expressed in inches) 


Item PVC CPVC PE PP PVDF 
Valves 
Needle V4-Ve V4—Ve 
Ball Y4-6 Y4—4 — V4-4 Y4-6 
Gate V5—6 Y-6 
Butterfly 4-24 
Check Y4-16 Ve-4 — Ve-4 Ve-4 
Globe Ve-4 
Diaphragm Y-10 Y-10 Vo—6 
Foot Ye-4 Ve-4 — Vo — 
Solenoid V&—-3 V&—-3 
Gas service Y4-6 
Strainers V&—-3 V&—-3 
Saddles, tapping 2-8 2-12 
Expansion joints V8-12 Vo—6 — Ve-4 Ve-4 
Flange adapters 2-12 2-12 2-42 2-6 2-6 


manufactured into a “U” shape approximately one-half the diameter of the host 
pipe. At the installation site, the “U” deformed pipe is pulled through the damaged 
host pipe and then reformed by a combination of heat and pressure to tightly fit 
the shape of the host pipe (see Fig. D1.2). 


Advantages and Limitations 


A number of important performance advantages have sparked the widespread 
adoption of thermoplastics piping for so many pressure and nonpressure uses. The 
most universally recognized advantage is the piping's virtual freedom from attack 
by ambient water and moisture. Thermoplastics piping is not subject to surface 
attacks in any way comparable to the rusting or environmental corrosion of metals. 
Thermoplastics, being nonconductors, are immune to the electrochemical-based 


PN QS 9 2 


Note - Other corrugation profiles are available 


FIGURE D1.1 Examples of plastic pipe wall cross sections. 
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FIGURE D1.2 Deformed and reformed polyethylene liner pipe. 


corrosion process induced by electrolytes such as acids, bases, and salts. In addition, 
plastics pipe materials are not vulnerable to biological attack. In sum, thermoplastics 
are not subject to corrosion in most environments in both aboveground and under- 
ground service. This has resulted in negligible costs for maintenance and external 
protection such as painting, plastic coating, galvanizing, electroplating, wrapping, 
and cathodic protection. 

Another principal advantage offered by thermoplastics is their lower specific 
gravity, which results in ease of handling, storage, and installation, as well as in 
lower transportation costs. The smooth pipe surfaces yield low friction factors and 
very low tendency to fouling. They also offer very good abrasion resistance, even 
when conveying slurries that can rapidly abrade harder materials. 

High deformation capacity without fracture—or strainability (Janson*)—is an- 
other important performance feature, particularly for underground service. In re- 
sponse to earth loading, buried flexible pipes deform (deflect) and thereby activate 
additional and substantial support from the surrounding soil. This capability to 
activate additional support by deformation results in a pipe-soil structure that is 
capable of supporting earth fills and surface live loads of a magnitude that could 
fracture stronger but less strainable materials. 

Thermoplastics piping, particularly in the sizes under around NPS 18 (DN 450), 
can be competitive in cost to piping of other materials. In the larger sizes, thermo- 
plastics will oftentimes overcome a first-cost disadvantage when consideration is 
given to their lower operating and maintenance costs and longer life. 

The principal limitations of thermoplastics arise from their relatively low strength 
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and stiffness and greater sensitivity of mechanical properties to temperature. As a 
result, their primary use is for gravity and lower-pressure applications at near- 
ambient temperatures. Some plastics qualify for hot water service, and there are 
some specialty materials that can be used to close to 300°F (149°C). Notwithstanding 
these restrictions, thermoplastics piping satisfies the performance requirements for 
a very broad range of applications. 

Successful design with thermoplastics requires recognition of their viscoelastic 
nature. These materials do not exhibit the relatively simple stress/strain relationship 
that is characteristic of metals. Duration of loading, as well as temperature and 
environment, can have a profound effect on their stress-strain response, rupture 
strength, ultimate strain capacity, and other engineering properties. The extent 
to which duration of loading, temperature, and environment influence ultimate 
mechanical properties varies not only from one class of thermoplastic material to 
another (for example, between PVC and PE) but can also significantly differ within 
the same generic material, depending on the specific nature of the polymer (e.g., 
molecular weight, molecular weight distribution, degree of branching, and extent 
of copolymerization with other monomers), the type and quantity of polymer addi- 
tives and modifiers, and the processing conditions. These factors must be recognized 
when characterizing the engineering properties of thermoplastic piping, particularly 
when defining allowable stress, strain, and upper temperature limits; and it goes 
without saying that for effective design and installation, they must be given consider- 
ation by the piping specifier, designer, and user. 

Compared to traditional piping materials, thermoplastics have high coefficients 
of thermal expansion and contraction. For example, the thermal expansion rate 
can be from 6 to 10 times greater than that of metal pipe. This must be recognized 
both in design and installation, particularly for aboveground applications where 
resultant piping reaction may require frequent use of expansion loops or pipe 
supports. For aboveground piping more attention may also need to be given to 
proper pipe restraint because the low mass of thermoplastics provides less inertia 
against piping movements that may be induced by sudden changes in the fluid 
flow velocity. Additionally, aboveground thermoplastics should be positioned or 
protected against possible accidental mechanical damage. 

Since thermoplastics are combustible, their use in certain locations may be limited 
by fire safety concerns and regulations. Construction and building codes address 
these concerns through various requirements, including the placing of thermoplastics 
piping inside suitable fire-resistant walls and chases and the use of fire stops when 
pipe penetrates through such structures. 


THERMOPLASTIC PIPING MATERIALS 


The term polymer (from the Greek poly, meaning “many,” and mer meaning “unit’’) 
is used to denote the long-chain or network structure of macromolecules that are 
produced either naturally or that are made by man. The latter are referred to as 
synthetic polymers. Polymers which are the base material for plastics are oftentimes 
termed resins. Plastics are compounds of resins and additives. As previously ex- 
plained, plastics are divided into two broad categories, thermoplastics and thermo- 
sets. Since thermoplastics are capable of being softened by heating and hardened 
by cooling, they can be shaped into articles by operations such as molding or 
extrusion, which take advantage of this capability. 

Additives are incorporated into a thermoplastics composition to achieve specific 
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purposes during fabrication or service. The precise nature and amounts of these 
additives depends on the plastic and its inherent properties; the processing method 
used to convert it to a finished article; and any desired modification of properties 
to achieve certain aesthetic, performance, or economic objectives. The main kinds 
of additives that may be used in thermoplastic piping compositions include the 
following: 


Heat stabilizers. To protect the plastic against thermal degradation, particularly 
during processing 


Antioxidants. To protect against oxidation during processing and when in 
service 


Ultraviolet screens, or stabilizers. To protect against ultraviolet radiation in 
sunlight during outdoor storage and weather-exposed service 


Lubricants. To facilitate and improve fabrication by reducing viscosity and 
lessening frictional drag through dies and other surfaces 


Pigments. To give the product a distinctive color 


Processing aids. To facilitate material mixing and fusion during processing and 
thereby optimize the homogenization of material and its properties 


Property modifiers. To enhance a particular property such as impact strength 
or flexibility 


Fillers. Most often used to reduce volume cost; however, fillers may also be 
used to increase stiffness or to modify processing characteristics 


Additives are essential components of most thermoplastic piping compositions. 
They facilitate processing, enhance certain properties, give a product a distinctive 
appearance and color, and provide required protection during fabrication and ser- 
vice. There are only a few thermoplastics [e.g., certain fluorinated polymers such 
as polyvinylidene fluoride (PVDF)] that do not require the incorporation of some 
type of additive because they already have sufficient natural thermal stability and 
aging and weathering resistance. 

The precise nature and quantities of additives that can be used for piping compo- 
sitions are delimited by their effect on engineering properties, such as rigidity, 
impact strength, chemical resistance, creep resistance, rupture strength under long- 
term loading, and fatigue endurance. For example, the use of an inorganic filler 
can compromise the natural resistance of polymers to very strong acids or bases. 
Also, too much filler, or use of a filler of a coarser grade, or its inadeqate dispersion 
can introduce physical discontinuities, or internal faults, that can compromise long- 
term strength, ductility, toughness, and fatigue endurance. Another example is the 
excessive use of liquid stabilizers or lubricants, which tends to plasticize the plastic 
and thereby make it less creep-resistant and more sensitive to temperature. 

Additionally, the properties of the base polymer used in a plastics piping composi- 
tion are not only determined by the chemical elements, or atoms, from which the 
polymer is made, but are also profoundly influenced by the specific geometrical 
arrangement by which the polymer's atoms are combined to form a macromolecule. 
A most important molecular structural parameter is the length of the molecular 
chain. The longer the chain, the larger and heavier the molecule. Polymers used 
for engineering applications consist of relatively long molecules in order to yield 
satisfactory levels of longer-term strength, ductility, and toughness. 

Molecule size is denoted by molecular weight, which is the sum of the atomic 
masses of all the elements in the molecule. Since all the molecules in a polymer 
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are not of the same size, the degree of polymerization is usually expressed by the 
polymer's average molecular weight. The nature of the distribution of molecular 
sizes also bears a significant influence on a number of physical and mechanical 
properties. Thermoplastics used for piping applications tend to be of relatively high 
molecular weight (generally over 100,000) and of relatively narrow molecular weight 
distribution. However, the molecular weight cannot be so large as to result in a 
melt viscosity so high as to hinder proper fabrication of the end product. 

Another molecular structural parameter is the length and frequency of shorter 
molecular chains that occasionally branch out from the main polymer chain. These 
branches help determine how closely the polymer molecules can lie next to each 
other, which has an influence on the polymer's physical and mechanical properties. 
The length and frequency of polymer branches may be controlled by conditions of 
chemical reaction, catalysts used, and by the copolymerization with other than the 
principal monomer. For example, polyethylene pipe polymers are in fact copolymers 
of ethylene with small amounts of other olefin monomers such as propylene, butene, 
pentene, and hexene. Although the amount of other monomers used is low, and 
thereby the polymer still falls under the classification of polyethylene, it is enough to 
modify the polymer's molecular structure— principally the number of short branches 
along the linear molecular chains—and thereby exert significant influence on engi- 
neering prperties. Many commercial polymers, including polypropylene (PP) and 
polybutylene (PB), are also partial copolymers. 

Chemical geometry, sometimes referred to as polymer architecture, also helps 
determine the relative physical arrangement of molecules to one another and, 
thereby, the polymer's physical properties. Generally, the long molecules in poly- 
mers tend to align themselves near each other in a random symmetry analogous 
to spaghetti in a bowl. This random arrangement is referred to as the amorphous 
state. The proximity of polymer molecules to one another and their physical entan- 
glement gives rise to mechanical forces that greatly account for a polymer's mechani- 
cal properties. PVC and ABS are polymers that are essentially amorphous 
materials. 

Certain other polymers, such as PE, PP, PB, and PVDF, are partly crystalline 
materials. Portions of their polymer chains organize themselves in close and very 
well ordered arrangements called crystallites; other portions lie in the amorphous 
regions. The stronger physical bonds in the well-ordered, closely packed crystalline 
regions have significant influence over mechanical properties such as strength, stiff- 
ness, and toughness. The extent of crystallization and the size and nature of the 
crystalline regions, as well as the nature of the interconnective network of molecules 
running from one crystalline region to another can all be somewhat controlled by 
tailoring molecular architecture. 

The many possible variations in polymer structure, combined with the different 
types and amounts of additives that can be used, result in a great diversity of plastic 
compositions, even within a particular polymer group such as polyvinyl chloride 
(PVC) or polyethylene (PE). The defining and classifying of such compositions is, 
understandably, not a simple task. The primary standard plastic material specifica- 
tions are issued by the American Society for Testing and Materials (ASTM). The 
first ASTM standards classified plastic materials by a “Type, Grade, and Class" 
system in accordance with three key properties. However, with the growing need 
to better define plastic materials by more than just three properties, a number of 
ASTM standards have adopted a cell classification system whereby each of a number 
of primary properties is given a property cell number depending on the property 
value. All the resultant property cell numbers (there can be as many as needed) 
are then listed in a specified order. For example, referring to Table D1.3, in accor- 
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TABLE D1.3 Primary Properties: Cell classification Limits for PE Piping Materials in 
Accordance with ASTM D 3350 


Property cell limits 


Property and test Cell Cell Cell Cell Cell Cell Cell Cell Cell Cell 
method (Note 1) 0 1 2 3 4 5 6 7 8 9 
1. Density Not 0.910 0.926 0.941 - Specify 
ASTM D1505 specified to to to 0.955 value 
(g/ec) 0.925 0.940 0.955 
2. Melt index ASTM Not 21.0 0.4 to 015 <0.15 (Note (Note Specify 
D1238 (g/10 min) specified 1.0 to 0.4 2) 3) value 
3. Flexural modulus Not < 20,000 40,000 80,000 110,000 > Specify 
ASTM D790 (psi) specified 20.000 to to to to 160,000 value 
40,000 80,000 110,000 160,000 
4. Yield strength ASTM Not < 2,200 2,600 3,000 3,500 >4,000 Specify 
D638 (psi) specified 2,200 to 2,600 to to to value 
3,000 3,500 4,000 
5. Environmental stress Not Specify 
crack resistance specified value 
—Method A 0.15 3 10 30 
ASTM F1473 
(min. hrs) (Note 4) 
—Method B 
ASTM D1693 
Test condition A B C C 
Test duration (hrs) 48 24 192 600 
Failure, max (96) 50 50 20 20 
6. Hydrostatic design Not 800 1,000 1.250 1,600 Specify 
basis, ASTM specified value 
D2837 (Note 5) 
(hrs) 
Notes: 


(1) To convert psi to Mpa, multiply by 6.90 x 10^. 

(2) Materials with MI less than Cell 4 but which have a flow rate of —4.0 g/10 min when tested in 
accordance with D1238, Condition F. 

(3) Materials with MI less than Cell 4 but which have flow rate of «0.30 g/10 min when tested in 
accordance with ASTM D 1238, but at a temperature of 590°F (310°C) and under a total load of 12,480 g). 

(4) Test is conducted on compression molded samples, notched to a depth in accordance with Table 
1 of F1473, at a load of 350 psi (2.4 Mpa) and at a temperature of 176°F (80°C). 

(5) Compositions for which an HDB has not been established are designated as NPR (non-pressure 
rated). 


dance with the cell classification system of ASTM D3350, “Standard Specification 
for Polyethylene Plastics Pipe and Fitting Materials," Class 234424 polyethylene 
designates a material with properties that fall within the following range of values: 


Property Requirement 
Density: Cell 2 of property 1 [0.926 to 0.940 g/cm?] 
Melt index: Cell 3 of property 2 [«0.4 to 0.15 g/10 min] 


Cell 4 of property 3 [80,000 to «110,000 psi, 550 to 
760 MPa] 

Cell 4 of property 4 [3000 to «3500 psi, 21 to «24 
MPa] 

Cell 2 of property 5 [50 percent max failure after 24 
hrs, when using test method B, Condition C] 

Cell 4 of property 6 [1600 psi or 11 MPa] 


Flexural modulus: 
Tensile strength at yield: 


Resistance to slow crack 
growth: 

Hydrostatic design basis 
at 23°C: 
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Although this newer cell-type format is a major improvement in classifying 
and specifying piping materials by a broader array of significant property and 
performance characteristics, it may not always be a sufficiently definitive predictor 
of longer-term performance properties. The manufacturer may have to be consulted 
for further information. For example, two PE materials with the same ASTM 
material cell classification may have a strength under long-term loading that re- 
sponds somewhat differently to increasing temperature, or to fatigue loading, or 
to chemical environments. 

A brief description of the major materials used for thermoplastics piping follows. 
The principal standard piping products made from these materials, and their applica- 
tions, are identified in Table D1.1. Nonstandard or specialty piping products are 
also offered from these materials. 


Polyvinyl Chloride (PVC) 


In its virgin state PVC is a translucent, colorless, rigid polymer. When PVC was 
first commercialized it was softened by the addition of plasticizers, and the resultant 
compositions were primarily used in the manufacture of such items as luggage, 
upholstery, garden hose, wire coating, floor tiles, and laboratory tubing. Subsequent 
advances in extrusion and molding equipment, and in the availability of more 
effective stabilizer and lubrication additives, allowed for the extrusion of the much 
more viscous, rigid compositions which are the only ones suitable for piping. To 
differentiate these newer unplasticized compositions from the early plasticized ver- 
sions they were identified as uPVC, or rigid PVC. These designations are still 
often used. 

Of the commonly available thermoplastics, rigid PVC offers the highest strength 
and stiffness at the least volume cost, which accounts for its having become the 
leading plastic material for both pressure and nonpressure piping. Major uses include 
water mains; irrigation; drain, waste, and vent (DWV); sewage and drainage; well 
casing; electric conduit; and power and communications ducting. PVC is available 
in a much broader range of pipe sizes and wall thicknesses, fittings, valves, and 
appurtenances than in any other plastic. 

PVC piping is joined primarily by two techniques, solvent cementing and elasto- 
meric seals. Although it can be joined by thermal fusion, its melt viscosity is too 
high for making reliably strong joints under field conditions. 

PVC piping is made only from rigid compounds containing no plasticizers and 
relatively small quantities of other ingredients. To minimize adverse effects on long- 
term strength and chemical resistance, minimal quantities of additives are used 
in pressure pipe compounds. To improve impact strength for conduit and other 
applications that may be subject to mechanical abuse, small quantities of solid 
polymeric impact modifiers (but not plasticizers, which are generally liquids) are 
sometimes incorporated into the composition. When improved stiffness is desired, 
filler—generally very finely divided calcium carbonate—is added. Combinations of 
these and other additives can be used to optimize a rigid PVC composition for its 
intended application. The enhancement of a particular property by the use of 
additives may often require a trade-off with some other property. 

For the defining of rigid PVC compositions based on resultant properties, ASTM 
has established two material specifications based on the property cell classification 
system. One of these is ASTM D1784, “Standard Specification for Rigid Poly(Vinyl 
Chloride) and Chlorinated Poly(Vinyl Chloride) Compounds," which classifies PVC 
materials in accordance with the nature of the polymer and four primary properties. 
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TABLE D1.4 Primary Properties: Cell Classification Limits for PVC Materials in 
Accordance with ASTM D 1784 


Property cell limits) 


Property and test 


method? Cell 0 Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Celló  Cell7 Cell8 
1. Base resin Unspeci- Poly Chlorinated Vinyl 
fie (vinyl) poly(vinyl) | copolymer 
homo- chloride 
polymer 

2. Min. impact Unspeci- <0.65 0.65 1.5 5.0 10.0 15.0 

strength (Izod) fie 

(ft-Ib/in of notch) 

ASTM D256 
3. Tensile strength, Unspeci- «5,000 5,000 6,000 7,000 8,000 

min. (psi) fie 

ASTM D638 
4. Modulus of Unspeci- «280,000 280,000 320,000 360,000 400,000 440,000 

elasticity, min. (psi) fie: 0 0 0 

ASTM D638 
5. Deflection Unspeci- «131 131 140 158 176 194 212 230 

temperature under fie [55] [55] [60] [70] [80] [90] [100] [110] 

load (264 psi), min. 

CF) [°C] 
Flamability 6) 6) G) G) © © © 0 0 

Notes: 


(1) The minimum property value determines the cell number, even though the maximum measured 
value may fall within a higher cell 

(2) Conversion factors to common metric units are as follows: 

© psi to Mpa—multiply by 6.90 x 10^? 

e ft-lb/in of notch to J/m of notch—multiply by 53.4 

(3) All compounds covered by this specification when tested in accordance with ASTM method D635 
shall yield not less than the following result: average extent of burning <25 mm; average time of burning 
«10 s. 


These four primary properties and the cell class ranges established for each are 
presented in Table D1.4 The requirements for a fifth property, chemical resistance, 
are presented in Table D1.5 The manner in which a rigid PVC material is identified 
by this classification system is illustrated by a Class 12454-B PVC material which, 
according to Tables D1.4 and D1.5, would have to meet the following property re- 
quirements: 


Property Requirement 

Base resin: Cell 1 of property 1 [poly(vinylchloride) homo- 
polymer] 

Impact strength (Izod): ^ Cell 2 of property 2 [0.65 ft-Ibf/in, minimum, 0.035 
N-m/mm] 

Tensile strength: Cell 4 of property 3 [7,000 psi, minimum or 48 MPa] 

Modulus of elasticity in Cell 5 of property 4 [400,000 psi, or 2.8 GPa 

tension: minimum] 


Deflection temperature Cell 4 of property 5 [158°F (70°C), minimum] 
under load: 
Chemical resistance: Must meet the minimum requirements listed under 
Suffix B of Table D1.5 


Most PVC pressure pipe is made from materials that meet the minimum require- 
ments of cell 12454-C, which, to maximize long-term strength, generally is formu- 
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TABLE D1.5 PVC Compositions, Suffix Designation for Chemical Resistance 


Suffix 
Test solution A B C D 
HSO, (93% )—14 days immersion at 55 + 2°C 
Change in weight: 
Increase, max., % 1.0* 5.0* 25.0 NA* 
Decrease, max., % 0.1* 0.1* 0.1 NA 
Change in flexural yield strength: 
Increase, max., % 5.0* 5.0* 5.0 NA 
Decrease, max., % 5.0* 25.0* 50.0 NA 
HSO, (80% )—30 days immersion at 60 + 2°C 
Change in weight: 
Increase, max., % NA NA 5.0 15.0 
Decrease, max., % NA NA 5.0 0.1 
Change in flexural yield strength 
Increase, max., % NA NA 15.0 25.0 
Decrease, max., % NA NA 15.0 25.0 
ASTM Oil No. 3—30 days immersion at 23°C 
Change in weight: 
Increase, max., % 0.5 1.0 1.0 10.0 
Decrease, max., % 0.5 1.0 1.0 0.1 


* Specimens washed in running water and dried by air blast or other mechanical means shall show no 


sweating within 2 hours after removal from the acid bath. 


* NA—Not applicable 


lated with minimal quantities of processing additives and property modifiers. An 
older “Type and Grade" system found in earlier versions of D1784, although 
technically obsolete, continues to be referenced by a number of piping standards. 
The newer issues of D1784 include a table (see Table D1.6) that cross-references 


the former with the new designations. 


For pressure pipe applications, the cell classification system of ASTM D1784 is 
often complemented by one additional material requirement. All PVC pressure 


TABLE D1.6 Classification of commercial Types and Grades of Rigid Polyvinyl 


Chloride Piping Materials: Comparison of former to Newer Designations 


Corresponding cell classification based on 


Type and grade designation based on 
older edition of ASTM D 1784 


current edition of ASTM D1784 
(See Tables D 1.4 & D 1.5) 


Rigid PVC materials 
Type I, Grade 1 
Type I, Grade 2 
Type I, Grade 3 
Type II, Grade 1 
Type IIL, Grade 1 


CPVC materials 
Type IV, Grade 1 


12454-B 
12454-C 
11443-B 
14333-D 
13233 


23447-B 
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pipe standards require that the pipe be made from a formulation with a specified 
minimum long-term strength that has been established in accordance with ASTM 
D2837, “Standard Method for Obtaining the Hydrostatic Design Basis for Thermo- 
plastic Pipe Materials." Standards for products intended for the transport of potable 
water also require that the material meet certain minimum chemical extraction 
requirements designed to protect water quality. (See discussion in “Effects of Fluids 
Being Conveyed.’’) 

Most ASTM and a number of other PVC pressure pipe standards identify PVC 
stress-rated materials by a four-digit number, of which the first two digits designate 
its type and grade in accordance with the older editions of ASTM D1784 (see Table 
D1.6) and the last two identify, in hundreds of pounds per square inch, the material's 
maximum recommended hydrostatic design stress (HDS) for water at 73.4°F (23°C). 
In accordance with ASTM convention, the maximum HDS is one-half the material's 
hydrostatic design basis (HDB), which refers to the material's long-term hydrostatic 
strength (LTHS) category when established in accordance with ASTM D2837. The 
following list describes the most common PVC stress-rated materials covered by 
this designation system: 


* PVC 1120 is a Type 1, Grade 1 PVC material (minimum cell class 12454-B) with 
a maximum recommended HDS of 2,000 psi (13.8 MPa) for water at 73.4°F (23°C). 


* PVC 2110 is a Type 2, Grade 1 PVC material (minimum cell class 14333-D) with 
a maximum recommended HDS of 1,000 psi (6.9 MPa). 


* PVC2116 is a Type 2, Grade 1 PVC material (same minimum cell class as above) 
with a maximum recommended HDS of 1,600 psi (11 MPa). 


Since by the ASTM convention the maximum recommended HDS is one-half 
the material's HDB, it follows that the HDBs for these materials are 4,000 psi (27.6 
MPa), 2,000 psi (13.8 MPa), and 3,200 psi (22.1 MPa), respectively. 

The Plastics Pipe Institute (PPI) lists a generic PVC 1120 formulation that 
provides for certain specified alternative choices of ingredients and formulation 
quantities that have been determined to allow the formulated compounds to satisfy 
both the short- and long-term requirements established for this material classifica- 
tion. This formulation, which is listed in PPI TR-3, ‘‘Policies and Procedures for 
Developing Recommended Hydrostatic Strengths and Design Stresses for Thermo- 
plastic Pipe Materials," is periodically updated to include any new alternate choices 
of ingredients that have been validated by means of both short-term and long- 
term tests. 

The other PVC material specification is ASTM D4396, “Standard Specification 
for Rigid Polyvinyl Chloride (PVC) and Related Plastic Compounds for Non- 
Pressure Piping Products" As indicated by its title, this specification covers com- 
pounds only intended for nonpressure uses. It is similar to D1784 in that it is also 
based on the cell format and most of the same primary classification properties. 


Chlorinated Polyvinyl Chloride (CPVC) 


As implied by its name, CPVC is a chemical modification of PVC. It is very similar 
to PVC in many properties, including strength and stiffness at ambient temperature. 
But the extra chlorine in CPVC's chemical structure increases this material's maxi- 
mum operating temperature limit by about 50°F (28°C) above that for PVC. Thus, 
CPVC can be used up to nearly 200°F (93°C) for pressure uses and up to about 
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210°F (100°C) for nonpressure applications. Principal uses for CPVC are domestic 
hot water and cold water piping, residential fire-sprinkling piping, and many indus- 
trial applications which can take advantage of its elevated-temperature capabilities 
and superior chemical resistance. 

CPVC materials are also classified by the previously discussed ASTM D1784. 
Similar to PVC, most CPVC standards that cover pressure-rated products identify 
stress-rated materials by a four-digit number that combines the older type and 
grade designation with the material's maximum recommended HDS for water at 
73.4°F (23°C). Currently, the only recognized stress-rated CPVC designation is 
CPVC 4120, signifying a Type IV, Grade 1 material in accordance with D1784 (see 
Table D1.6), with a maximum recommended hydrostatic design stress of 2,000 psi 
(13.8 MPa) for water at 73.4°F (23°C) in accordance with ASTM D2837. In addition, 
most CPVC pipe standards that cover products intended for elevated-temperature 
service, such as for hot water piping, require that the CPVC material have no less 
than a recommended HDS of 500 psi (3.5 MPa) (equivalent to an HDB of 1,000 
psi or 6.9 MPa) for water at 180°F (82°C). 


Polyethylene (PE) 


Polyethylene (PE) is possibly the best-known member of the polyolefin family 
(materials derived from the polymerization of olefin gases including ethylene, pro- 
pylene, and butylene) because it has penetrated so widely into everyday household 
uses. PE in its virgin form is a translucent and tough substance with a waxlike feel 
and appearance. As is the case of the other polyolefins, PE is a partly crystalline 
and partly amorphous material. The extent to which it crystallizes (which determines 
many of its resultant properties) is a function of its molecular structure. PE's 
backbone consists of a long molecular chain, from which short-chain branches 
occasionally project. The length, type, and frequency of distribution of these 
branches, as well as other parameters such as molecular weight and molecular weight 
distribution, determine the degree of crystallinity and the network of molecules 
that anchor the crystal-like regions to one another. These structural characteristics 
greatly influence the short- and long-term mechanical properties of PE. The extent 
to which crystalline regions can form in a PE polymer is reflected by its density—the 
higher-density materials have more crystalline regions, which results in greater 
stiffness and tensile strength. However, as the crystallinity increases, there is some 
accompanying loss in ductility and toughness. 

Polyethylene polymers used for piping are classified into three types: a low- 
density, relatively flexible form; a medium-density, somewhat stiffer and less-flexible 
form; and a high-density form, which is more rigid and stronger. Most pressure 
pipe is made of materials of densities lying around the high end of the medium- 
density PEs and the lower end of the high-density materials. This range has estab- 
lished itself as offering the best balance of toughness, flexibility, and long-term 
strength. Nonpressure pipe is primarily made from the more rigid, higher-density 
materials. 

PE, which is somewhat less strong and less rigid than PVC at ambient tempera- 
ture, is the second most used plastic pipe material, primarily because of its toughness, 
ductility, and flexibility, even at low temperatures. PE pipes do not fracture under 
the expansive action of freezing water. In an emergency, smaller-diameter PE pipes 
can be safely “‘squeezed-off” (clamped tightly) by suitable procedures, to shut down 
the flow of fluids. Also, PE pipe is much less prone to failure by a rapidly running 
crack. These two last-named characteristics are important reasons why PE pipe is 
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now used in over 85 percent of all current new installations of piping for gas distri- 
bution. 

PE pipes also have superior fatigue endurance. This feature, plus their ability 
to dampen water hammer shock, has led to their use for applications such as in 
sewer force mains, where repeated cyclic pressure changes tend to occur. 

The high strainability and fracture resistance of PE have led to its selection for 
use in unstable soils and situations where axial bending and diametrical deflection 
are anticipated. Example installations that utilize this feature are methane collection 
systems for solid-waste sites, pipes installed by directional trenchless boring tech- 
niques, lake and river crossings, and outfall pipes discharging treated effluent into 
seas and oceans. 

PE pipe is also used for the rehabilitation of old pipelines. Lengths of PE pipe 
which have been joined to the required length by the butt-fusion method are 
pulled, or sometimes pushed, inside the old line. New rehabilitation procedures 
have evolved by which, for ease of insertion, the diameter of the liner PE pipe is 
reduced by a squeeze-down procedure, or by folding the pipe into a U-shape. Once 
inside the old pipe, the strain memory in the material is relieved by a combination 
of heating and internal pressure, allowing the PE pipe to reround so that it fits 
snugly inside the existing pipe (see Fig. D1.2). 

The low stiffness of PE permits the coiling of smaller-diameter pipe [generally 
up to about 4 in (100 mm) although pipe up to NPS 6 (DN 150) diameter has been 
coiled for special jobs]. The coiled length can be hundreds of feet and sometimes 
over a thousand feet (300 meters) long, depending on material, wall thickness, and 
diameter. PE pipe is readily heat-fusible and can be joined to itself or to fittings 
by the butt-fusion process. PE fittings are also available for joining pipe by the 
socket fusion and electrofusion processes. 

For nonpressure buried pipe applications, such as for stormwater, roadway, and 
land drainage, various designs of profile wall constructions have been developed 
which enhance pipe wall stiffness while minimizing material usage (see Figure 
D1.1). Because of their corrosion resistance, these pipes are displacing metallic 
drainage piping. 

To protect the PE polymer during processing, storage, and service, PE piping 
compounds contain small quantities of heat stabilizers, antioxidants, and ultraviolet 
(UV) screens or UV chemical stabilizers. Black PE pipe materials incorporate very 
finely divided carbon black as both a coloring pigment and to screen the polymer 
against the potentially damaging UV radiation in sunlight. Nonblack piping composi- 
tions include a UV chemical stabilizer in addition to a coloring pigment (usually 
tan or yellow for gas, blue for water, and orange for communications ducting). 

The primary specification for identifying and classifying PE piping materials is 
ASTM D3350, “Standard Specification for Polyethylene Pipe and Fittings Materi- 
als." Standard D3350 employs the cell class format to cover the diversity of materials 
used for piping. As shown by Table D1.3, this specification classifies PE materials 
by a matrix of six primary properties and a specified range of cell values for each 
of these properties. In addition, an ending code letter is used to designate the 
incorporation of a colorant and UV stabilizer. An example of how PE materials 
are identified by this system was illustrated under the discussion “‘Thermoplastics 
Piping Materials." 

A recent addition to ASTM D3350 is a new test for the classifying of PE's 
resistance to crack growth under sustained tensile loading. The test method used 
for this purpose is ASTM F1473, “Notch Tensile Test to Measure the Resistance 
to Slow Crack Growth of Polyethylene Pipe and Resins." Results obtained under 
this method have been determined to give a more reliable index than the traditional 
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TABLE D1.7 Classification of Commercial Polyethylene Piping Materials: Comparison of 
Former to Newer Designations 


PE material designation based on type and grade Corresponding minimum cell 
in accordance with former ASTM D1248, plus a classification in accordance with cell 
code for material's maximum recommended classification system of ASTM 
hydrostatic design stress for water, for 73°F D3350* 
PE 2406 PE 213333 
PE 3406 PE 324433 
PE 3408 PE 334434 


* For cells 1 and 6 the resultant values must fall within the limits shown for the particular property 
cell. For the other properties, material values may fall within or be above the designated cell limits. Refer 
to Table D 1.3 for the listing of range of property values for each property cell. 


stress-crack method (ASTM D 1693) of a PE material's resistance to crack formation 
and growth when subject to sustained localized intensified stressing, such as can 
occur in piping applications. A similar method, as follows, which was developed 
for geomembranes, is also being used to rank the slow-crack growth resistance of 
PE materials that are intended for nonpressure applications: ASTM D5397, *'Stan- 
dard Test Method for Evaluation of Stress Crack Resistance of Polyolefin Geomem- 
branes Using Notched Constant Tensile Load Test."' 

Prior to the issuance of ASTM D 3350, most PE piping standards referred 
to ASTM D1248, “Standard Specification for Polyethylene Plastics Molding and 
Extrusion Materials,” for the defining of material requirements. ASTM D1248 
classified PE by type, representing the material’s density category, and grade, re- 
flecting a combination of properties, primarily the melt flow or processing character- 
istics. Similar to PVC, PE piping standards classify PE stress-rated materials by 
means of a four-digit number, of which the first two digits refer to the older type 
and grade designation and the last two represent, in hundreds of pounds per square 
inch, the material’s maximum recommended hydrostatic design stress (HDS) for 
water at 73.4°F (23°C). The following list describes the commonly used PE piping 
materials in accordance with this traditional designation system: 


* PE 2406 is a Type 2 (i.e., medium-density), Grade 4 PE material, in accordance 
with ASTM D1248, which carries a recommended maximum hydrostatic design 
stress of 630 psi (4.3 MPa), for water at 73.4°F (23°C). [The “06” in the 2406 
designates the 630 psi (4.3 MPa) design stress.] 


* PE 3408 is a Type 3 (i.e., high-density), Grade 4 PE material, in accordance with 
ASTM D1248, which carries a recommended maximum hydrostatic design stress 
of 800 psi (5.5 MPa) for water at 73.4°F (23°C). 


To relate this older designation system to the newer cell system of D 3350, the 
latter standard includes a cross-reference. The crossovers recognized by the 1993 
edition of D 3350 are presented in Table D1.7. 


Polybutylene (PB) 


Polybutylene is a polyolefin with a stiffness resembling that of low-density polyethyl- 
ene, but with a long-term strength that is greater than that of high-density polyethyl- 
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ene (PE). Its most distinctive feature, however, is that the long-term strength is 
less affected by increasing temperature than that of PE. While most PEs have 
an upper temperature limit of around 140°F (60°C), the limit for PB is nearly 
200°F (93°C). 

Major applications for PB pipe and tubing are for water service lines and for 
uses that take advantage of its improved elevated-temperature strength. They in- 
clude piping for residential hot and cold water distribution, residential fire sprinklers, 
and industrial uses such as hot effluent lines. 

PB is similar to PE in its chemical resistance and heat fusibility. PB piping 
materials are covered by ASTM D2581, “Standard Specification for Polybutylene 
(PB) Plastics Molding and Extrusion Materials." Materials for pressure applications 
are designated as PB 2110, signifying a Type 2, Grade 1 material in accordance 
with D2581, and with a recommended maximum HDS of 1,000 psi (6.9 MPa) for 
water, at 73.4°F (23°C). Hot water piping standards generally require that the PB 
material also have an established recommended maximum HDS of 500 psi (3.5 
MPa) for water at 180°F (82°C). 


Cross-Linked Polyethylene (PEX) 


Cross-linked polyethylene, as its name implies, is actually a thermoset. It is covered 
in this chapter because PEX pipe and tubing are made from PE, a thermoplastic, 
by essentially the same extrusion process used to manufacture all thermoplastic 
pipes. The only difference is that in the case of PEX a cross-linking of the polymer 
chains occurs during or soon after pipe extrusion. Cross-linking of PE improves 
elevated temperature performance, chemical and stress-crack resistance, creep resis- 
tance, and abrasion resistance. While most PEs have an upper temperature limit 
of about 140°F (60°C), PEX piping may be used up to around 200°F (93°C). 

Three methods, as follows, are used commercially to cross-link PE piping materi- 
als: silane curing; peroxide curing; and radiation. Silene PEX materials are often 
referred as moisture-cured because they cross-link on exposure of the pipe to water. 
The pipe is produced by a two-stage process. First, a silene-grafted PE is combined 
with a catalyst PE concentrate and extruded into pipe using standard extrusion 
equipment. Then, after the pipe has been extruded, cross-linking is effected by 
exposing the pipe to moisture. 

Peroxide PEX derives its name from the class of chemicals, peroxides, that is 
used to achieve cross-linking. These cross-linking agents are incorporated into 
the base PE either during or after extrusion. Cross-linking is initiated when the 
temperature reaches that at which the peroxide decomposes, thereby yielding free- 
radicals that cross-link the PE. 

Radiation PEX pipe is produced by subjecting PE pipe to electromagnetic radia- 
tion (gamma radiation) or high-energy electrons (beta radiation). 

All three methods are capable of producing equivalent products. PEX pipe is 
tested to the same performance standards regardless of the manufacturing method. 
Properties of a PEX material are determined by the properties of the base PE, the 
stabilizer and additive package, and the degree of cross-linking as determined using 
method ASTM D2765, “Standard Test Method for Determination of Gel Content 
and Swell Ratio of Cross-linked Ethylene Plastics." To comply with existing stan- 
dards PEX piping must be cross-linked to within a range of 65 to 89 percent. 

Current PEX piping materials carry a recommended maximum HDS for water 
of 630 psi (4.3 MPa) at 73.4°F (23°C), and 400 psi (2.8 MPa) at 180°F (82°C). Some 
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materials are also listed with a recommended maximum HDS of 315 psi (2.2 MPa) 
at 200°F (93°C). 

PEX is also commonly used in PEX-Aluminum-PEX (PEX-AI-PEX) composite 
pipe. In this pipe PEX inner and outer layers sandwich a thin tubular aluminum 
reinforcement which significantly enhances the pipe pressure rating. 

PEX and PEX-AI-PEX pipes are manufactured in North America in diameters 
through NPS 2 (DN 50). Their primary applications take advantage of improved 
elevated temperature performance. These include hot and cold water piping systems, 
hydronic heating, under-floor or radiant-heating systems, snow-melting systems, 
and residential fire sprinkler piping. 


Polypropylene (PP) 


Polypropylene is a polyolefin similar in properties to high-density PE but somewhat 
harder, more temperature-resistant, and lighter in weight, but less tough. It is also 
similar to PE in its chemical resistance and heat fusibility. As in the case of PE, 
PP can be joined to itself by socket fusion, butt fusion, and electrofusion. 

Because of its greater stiffness and better tolerance to elevated temperates, PP 
is sometimes chosen over PE where these qualities are advantageous (e.g., for 
aboveground piping and for the conveying of hot fluids). A principal application 
is for corrosive drainage piping, for which PP offers better solvent resistance than 
either ABS or PVC. A product line of PP corrosive drainage piping made from a 
flame-retardant grade of material is offered for use in laboratories and hospitals, 
and for chemical manufacturing. 

Another principal application for PP is for conveying corrosive chemicals under 
pressure. For this application, socket fusion systems of pressure-rated PP pipe and 
fittings are available through NPS 6 (DN 150). At present there are no consensus 
standards covering PP pressure pipe; all available products are proprietary. 

Polypropylene materials are classified by ASTM D4101, “Standard Specification 
for Polypropylene Molding and Extrusion Materials,” into two types. Type I covers 
materials that have the highest rigidity and strength but that offer only moderate 
toughness. Type II covers materials (copolymers of propylene with ethylene or 
other olefins) which tend to be less rigid and strong but have improved toughness, 
particularly at lower temperatures. Both types are used for pipe. 


Acrylonitrile-Butadiene-Styrene (ABS) 


ABS plastics are made by combining styrene-acrylonitrile copolymers with copoly- 
mers formed by reacting styrene-acrylonitrile with butadiene. The butadiene copoly- 
mers impart toughness, while the acrylonitrile copolymers contribute strength, rigid- 
ity, and hardness. The result is a tough, relatively strong plastic that is easy to mold 
and extrude. 

The ABS family covers a wide range of materials. The proportions of the basic 
components and the way in which they are combined can be varied to produce a 
wide range of end properties. A major use of ABS for pipe is in the manufacture 
of drain-waste-vent (DWV) piping, for which it offers good rigidity, temperature 
resistance, low-temperature toughness, and the ability to make fast-setting solvent 
cemented joints. ABS has been used for pressure piping, primarily for water service 
applications, but it has been largely displaced by the stronger, more chemically 
resistant, and more economical PVC. However, compressed-air piping made from 


THERMOPLASTICS PIPING D.27 


a proprietary extra-tough, shatter-resistant composition is currently marketed in 
Europe and the United States. 

ABS materials are classified by ASTM D1788, “Standard Specification for Rigid 
Acrylonitrile-Butadiene-Styrene (ABS) Plastics," in accordance with the cell class 
format by which each of three properties—impact strength (toughness), tensile 
stress at yield (short-term strength), and deflection temperature under load (temper- 
ature resistance)—is accorded a cell number depending on the property value. The 
ASTM specification for ABS DWV pipe requires that the material have a minimum 
cell classification of ABS 2-2-2, which signifies the following minimum properties: 
notch impact strength of 2 ft-Ib/in (0.1 N-m/mm) of notch, 180°F (82°C) deflection 
temperature, and 4,000 psi (2.8 MPa) tensile strength. 


Fluoroplastics 


Fluoroplastics designate a broad family of paraffinic polymers that have some or 
all of the hydrogen replaced by fluorine. The fully fluorinated fluorocarbons include 
perfluoroalkoxy (PFA), polytrafluoroethylene (PTFE), and fluorinated ethylene 
propylene (FEP). The partially fluorinated fluoroplastics include ethylene tetrafluo- 
roethylene (ETFE), polychlorotrifluoroethylene (CTFE), ethylenechlorotrifluoro- 
ethylene (ECTFE), and polyvinylidene fluoride (PVDF). 

Fluorinated polymers have outstanding resistance to chemicals and excellent 
resistance to solvents. They also offer improved elevated-temperature properties 
and are very stable and durable. Most members of this family require little or no 
addition of processing or thermal stabilizers. For this reason they are often specified 
when exceptional purity of water or other liquids must be maintained. These materi- 
als are also very fire resistant. 

The various kinds of fluorinated polymers just listed have been used as liners 
for metal piping to enhance its chemical resistance. Pipe, tubing, and fittings totally 
made of fluorinated plastics are commercially available, principally from PVDF 
and PFA, in sizes up to about NPS 6 (DN 150). The pipe is generally joined by 
means of heat-fused socket fittings. PVDF has good strength, wear resistance, and 
creep resistance, and can be used over a temperature range from about —100 to 
300°F (—70? to 150°C). PFA has somewhat less strength and creep resistance but 
offers greater toughness and can be used up to over 400°F (200°C). 

Fluorinated plastics also have outstanding resistance to weathering and electro- 
magnetic radiation. These materials do not require the use of additives to achieve 
weathering and ultraviolet resistance. Because of their immunity to radiation, they 
are used in the reprocessing of nuclear wastes and similar radiation-intensive expo- 
sures. And because they are additive-free, these pipes are also used to convey fluids 
that must remain ultrapure and totally free of metallic ion contamination. 


JOINING METHODS 


Plastics piping can be joined by different methods (see Table D1.8) depending on 
the characteristics of the material. For example, ABS, PVC, and CPVC can be 
solvent cemented. However, polyolefins (PE, PB, and PP) and fluoropolymers 
cannot be joined by this method because of their high solvent resistance; but they 
can be readily heat-fused. Both heat fusion and solvent cementing yield monolithic 
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TABLE D1.8 Common Methods for Joining Thermoplastics Piping 


Joining Method ABS PVC CPVC PE PEX PB PP PVDF 
Solvent cementing X X X 
Heat fusion X — X X X 
Threading X X X X — — X X 
Flanged connectors? X X X X — X X X 
Grooved joints® X X X X — — X X 
Mechanical X X X X X X X X 
compression” 
Elastomeric seal X X X X X X X X 
Flaring® X — X — — 
Notes: 


1. Generally limited to pipes of wall thickness not less than that of Schedule 80. 

2. Flanged adapters can be fastened to plastic pipe by means of heat fusion, solvent cementing, 
or threading. 

3. Grooving requires a minimum pipe wall thickness which depends on the material. The pipe manufac- 
turer should be consulted. 

4. In most cases internal stiffeners are required to permanently support the pipe against compressive 
forces generated by these fittings. 

5. Not all commercial grades may be flared. Consult the pipe manufacturer for specific recommendations. 


joints of maximum strength and of chemical resistance that is not compromised by 
the introduction of other materials. 

In solvent cementing, often referred to as solvent welding, the mating spigot- 
socket or saddle-pipe surfaces are readily fused to each other by the softening 
action of the solvent cement that is placed between the contacting surfaces. Solvent 
cements achieve bonding by a fusion process, and not by adhesion. Thorough 
contact of these surfaces with no gaps is essential to the development of good 
fusion. After initial bonding of the two mating surfaces is achieved, the solvent in 
the solvent cement gradually migrates and evaporates away. When the solvent is 
gone the joint is said to have been “cured”, at which point it achieves its maximum 
strength. Handling strength is usually achieved in a few minutes. Complete curing 
may take from hours to longer than a day, depending on the temperature and other 
conditions. A description of the proper procedure for solvent cementing PVC pipe 
and fittings is the subject of ASTM Standard Practice D2855. 

In heat fusion softening of the mating surfaces is achieved by melting. There 
are two techniques used for achieving the required degree of surface melting. One 
is to heat with a specially designed heating iron just prior to joining. In the other, 
the surfaces are first mated and then brought to the proper melt temperature 
by means of heating wires embedded in the socket. This latter technique, called 
electrofusion, is used with PE piping and also for PP industrial drainage piping. 

There are two kinds of heat fusion jointing systems. One of them is the socket- 
spigot system, similar to that used for solvent cementing. In the other the butt ends 
of pipe and/or fittings are squared off precisely, heated, and then quickly brought 
together and kept under sufficient pressure until enough cooling has occurred for 
the development of adequate working strength. Socket fusion is limited to the 
smaller piping sizes, generally not above 4 in (100 mm). Larger-diameter pipe is 
heat-fused by the butt-fusion process. Automatic, portable equipment for field 
joining by butt fusion is available to join all available pressure pipe sizes. ASTM 
Recommended Practice D2657 covers socket, butt, and saddle heat fusion. The 
standard recommended practice for electrofusion joining is given by ASTM F1290. 
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Flanged connections are often used for industrial applications, particularly when 
making transitions to nonplastic components such as to a metal valve or to a tank 
outlet, or when it is advantageous to provide for easy removal of a pipe section or 
other component from a pipeline for cleaning, maintenance, or other purpose. 
Flange connectors can be applied on the pipe by heat fusion (socket or butt), or 
solvent cementing, depending on the material. Oftentimes, particularly in the cases 
of larger-diameter pipes, the use of plastic flanges requires the use of a backup 
metal flange to ensure even distribution of compressive stresses and optimum fluid 
tightness. Recommendations regarding proper use of flanges, including bolt tight- 
ening limits, are covered by industry manuals and are also available from piping man- 
ufacturers. 

Much of the pipe used for buried water and sewer lines and drains is joined 
with bell-and-spigot connections that include an elastomeric gasket to seal the joint. 
The bell, including the gasket cavity, is usually formed during manufacture of the 
pipe or fitting and is an integral part of the product. Rubber-gasketed connectors 
facilitate construction and produce tight joints, even when made under foul-weather 
and poor field conditions, when solvent cementing and heat fusion joining may be 
adversely affected. ASTM D3112 prescribes requirements for elastomeric joints for 
nonpressure applications, and D3139 presents requirements for elastomeric joints 
intended for pressure uses. 

Threading is also sometimes used with certain of the more rigid plastics like 
PVC or CPVC. Molded threads with reduced roots are preferred because cut 
threads are more notch-sensitive. Molded threaded adapters are available for solvent 
cementing to PVC and CPVC pipe. If pipe is to be threaded, it is generally recom- 
mended that its wall thickness be not less than that corresponding to Schedule 80. 
Threaded connections of any type are prohibited for gas distribution. 

Mechanical compression fittings are also used, particularly when making transi- 
tion connections to dissimilar materials. Mechanical connectors are the only option 
for connecting PEX since it cannot be solvent-cemented or heat-fused. ASTM 
F1807 covers the commonly used metal insert fittings for PEX pipe. In one design, 
the fitting is inserted inside the PEX pipe, and a copper ring on the outside of the 
pipe is crimped by means of a tool to achieve the holding strength and to provide 
the seal. 

Many styles of mechanical fittings designed for plastics use compressed elasto- 
meric gaskets for sealing. To ensure this seal is not lost through pipe deformation, 
the design incorporates a metal sleeve that fits inside the plastic pipe to stiffen it 
against the compression forces. When selecting compression fittings consideration 
should be given to the fitting’s capacity to hold the pipe in place against pull-out 
forces such as can be generated by thermal contraction or earth settlement. A 
number of compression fittings, especially for the smaller pipe sizes, are designed 
to hold the pipe against pull-out forces large enough to cause the pipe to either 
fail or to permanently stretch by yielding. 


DIMENSIONING SYSTEMS 


Thermoplastic pipe is made to a number of dimensioning systems based on con- 
trolled outside diameters. Pipe from all thermoplastic materials is manufactured to 
the standard outside diameters of iron pipe sizes (IPS) of commercial wrought steel 
pipe (ASME B36.10). In this diameter system some plastic pipes are offered with 
wall thicknesses that are the same as those of Schedule 40 and Schedule 80 iron pipes. 
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Much more common, however, is plastic pipe with outside diameters conforming to 
IPS standards but with wall thicknesses sized in accordance with the standard 
dimension ratio (SDR) principle, whereby all pipe sizes in a given SDR series have 
a uniform ratio of outside diameter to minimum wall thickness. The SDRs adopted 
by ASTM and other organizations follow the following series: 9; 11; 13.5; 17; 21; 
26; and so on. However, nonstandard dimension ratios are also sometimes used, 
in which case they are identified by the prefix DR. The broad acceptance of the 
SDR dimension system arises from the fact that certain pipe performance ratings 
are directly proportional to the ratio of pipe diameter to wall thickness. For example, 
pipes made from the same material and to the same ratio of diameter to wall 
thickness have the same pressure rating, and also the same pipe stiffness, irrespective 
of pipe size. 
Other diameter systems to which plastic pipe is made include: 


Cast-iron (Cl), or ductile-iron (DI) pipe sizes. PVC and PE pipes are available 
in this diameter sizing system to facilitate connections to fittings, valves, and 
hydrants in water works systems, which generally are made to cast-iron (now 
ductile-iron) sizes. 


Copper tubing sizes (CTS). CTS-sized pipe is made because it can be joined 
using various compression and flare fittings originally designed for copper tubing. 
Plastics pipe in CTS sizes is generally used for gas and water services and for hot 
and cold water piping. 


Plastic pipe sizes. Certain products, particularly nonpressure pipes made for 
sewer and drain applications are available in outside diameter systems that are 
not a copy of that used by any traditional material. 


International Standards Organization (ISO) sizes. Some of the larger-diameter 
PE pipes are made to an internationally established outside diameter dimensioning 
system specifically designed for plastics piping. 


There is one plastic pipe that is also made to a standard inside diameter dimen- 
sioning system. PE pressure-rated pipes, up to NPS 6 (DN 150), are made to 
controlled inside diameters that are the same as the inside diameters of Schedule 
40 iron pipe size (IPS). The inside diameter is controlled because this pipe series 
is designed to be used with insert fittings which must fit snugly inside the pipe, 
notwithstanding the pipe's wall thickness. The outside diameter of such pipe depends 
on the thickness of the pipe wall, which is determined by the pipe's pressure rating. 

Many manufacturers also make non-standard-sized pipes on special order. Such 
pipes may be required for a particular situation, such as the sliplining of an existing 
corroded line with the largest possible plastics pipe that can be pulled into place. 


PHYSICAL AND MECHANICAL PROPERTIES 


Approximate values of some of the physical and mechanical properties for the 
more common generic thermoplastic piping materials are given in Table D1.9. 
The actual property values for a particular commercial grade of material are not 
accurately predictable from its ASTM classification; they can be significantly affected 
by the specific nature of the base polymer (e.g., its molecular weight, molecular 
weight distribution, kind and frequency of branches), the plastic composition (type 
and amount of additives), and effects of processing (e.g., some anisotropy of proper- 
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TABLE D1.9 Approximate Values of Physical Properties of Thermoplastic 
Piping Materials 


Approximate value at 75°F 


ASTM Test 
Property? Method ABS PVC CPVC PE PEX PB  PVDF 
Specific gravity D792 1.08 14 154 0.95 0.94 0.92 1.76 
Tensile strength (X107?) psi D638 7.0 8.0 8.0 32 2.8 42 7.0 
Tensile modulus (X10~°) psi D638 340 410 420 120 9- 55 220 
Impact strength, Izod D256 4 1 155 >10 >10 >10 3.8 
ft-Ib/in of notch 
Coeff. of linear expansion (X10) D696 60 30 35 90 90 72 70 
in/in -°F 
Thermal conductivity C177 1.35 1.1 1.0 32 3.2 1.5 1.5 
Btu- in/h -ft -°F 
Specific heat — 0.34 0.25 0.20 0.55 0.55 0.45 0.29 
Btu/lb -°F 
Approx. operating temp. limits — 
nonpressure, °F 180 150 210 160 210 210 300 
CC) (80) (65) (100) (70) (100) (100) (150) 
pressure, ^F 160 130 180 140 200 180 280 
(C) (0) (55) (80 (60 (95) (80 (140) 


(? Conversion factors to commonly used metric equivalents are as follows: 

© psi (pounds-force per square inch) to Mpa (megapascals)—multiple by 6.9 x 10° 

e ft-Ib/in of notch (foot - pounds-force/inch of notch) to J/m of notch (Joules/meter)—multiply by 53.4 
e in/in-°F to m/m-°C—multiply by 1.8 

€ Btu-in/h-ft-?F to cal-cm/s-°C—multiply by 344 X 10° 

e Btu/Ib-°F to cal/g-°C—multiply by 1.0 


ties and residual stresses may result because of processing conditions). Furthermore, 
the ultimate properties may also be somewhat influenced by the degree of stress 
triaxiality and the history of previously applied stresses and strains. 

Compared to traditional piping materials, thermoplastics are lighter in weight, 
have lower heat capacities, are poorer conductors of heat, and have significantly 
larger coefficients of expansion and contraction. They are also less strong and rigid. 
However, they offer sufficient rigidity and strength to satisfy the performance 
requirements of a great many applications, and they are not subject to gradual 
degradation by rusting and other corrosive processes that commonly afflict most 
traditional pipe materials. When establishing appropriate values of mechanical 
design properties such as strength, stiffness, and strain capacity, the special consider- 
ation with plastics is over their unique time- and temperature-dependent load- 
deformation response. 

Plastics are viscoelastic materials. Their deformation and strength properties are 
very significantly affected by temperature and duration of loading. Some of their 
properties can also be profoundly influenced by service environment. Tensile 
strength and stiffness values, such as given in Table D1.9 and which have been 
obtained by means of short-term mechanical tests adapted from metal testing, are 
not appropriate for design of piping systems that are subjected to longer-term 
sustained loading. In the case of metals the conventional tensile test is used to 
define basic properties such as elastic modulus, proportional limit, and yield strength. 
These are important not only for defining and specifying a metal but they are also 
basic constants for use in design equations based on elastic theory where strain is 
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assumed to be proportional to stress. Although very few materials are perfectly 
elastic, the assumption of such behavior in metals is usually sufficiently close for 
purposes of engineering design. 

The stress-strain response for plastics is curvilinear and can depart greatly from 
an assumption of proportionality. Furthermore, the viscoelastic nature of plastics 
results in a relationship between stress and strain that is greatly influenced by 
elapsed time under load (or by the rate of straining in the case of a tensile test), 


Stress 


Strain 


FIGURE D1.3 Tensile stress-strain response of a thermoplastic exhibiting ductile behavior 
at intermediate strain rates. Possible effects of strain rate and temperature are shown. 


temperature, and environment. As depicted schematically by Fig. D1.3, the stress- 
strain response and fracture strength depend on the test conditions. For example, 
with some thermoplastics a reduction of about two decades in tensile strain rate, 
or an increase in temperature of around 50°F (28°C) can result in nearly a doubling 
of the strain response at failure. However, at very low strain rates total strain 
prior to failure tends to decrease with strain rate. Thus, the strain at failure as 
measured under the relatively high strain rates in a tensile test is not an accurate 
index of the elongation at failure, or ductility, under conditions of very low 
strain rates. 

Also, as depicted by Fig. D1.3, the stress-strain response is nonlinear (although 
near the origin the behavior is fairly linear). Accordingly, plastics have no true elastic 
constants—such as the elastic modulus or the proportional limit of metals—nor do 
they have sharply defined yield points. The reported tensile elastic modulus for 
plastics represents a tangent modulus that is calculated by extending the initial 
portion of the load-extension curve, as obtained under a specified set of test condi- 
tions. Since plastics have no true elastic properties, the propriety of applying the 
term “elastic modulus," or even “modulus,” in describing the stiffness or rigidity 
of a plastic has been questioned. However, such a “constant” has proven useful 
both for specification and design when its arbitrary nature and its dependence on 
duration of loading, temperature, and similar factors is recognized. 
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Even though plastic's behavior is inelastic, most of the equations for stress 
analysis (such as for pipe, beams, and pressure vessels) which have been derived 
on the assumption of elastic behavior can still be used, provided values for strength 
and stiffness are appropriately established. Thus, property values obtained by means 
of short-term tests should only be used for predicting response under loads of short 
duration. Short-term tests, of course, also have important value for the defining 
and classifying of plastic materials. 

To be able to use elastic equations to forecast response under sustained, longer- 
term loading requires the use of “effective” values of strength and modulus that 
reflect mechanical behavior under such conditions. The development of longer- 
term property values usually involves some form of extrapolation protocol. The 
extrapolating procedures that are used have been borrowed from and are similar 
to those used with other inelastic engineering materials, such as metals at very high 
temperatures, which also exhibit a viscoelastic behavior. As will be discussed later, 
the protocols for plastics for the defining of the effects of duration of loading and 
temperature on engineering properties generally rely on analysis of information 
obtained from longer-duration testing, in some cases lasting many thousands of 
hours. 


Viscoelasticity 


As the name implies, viscoelastic materials respond to stress as complex aggregates 
of many different elastic and viscous (fluid) elements. The springs in the highly 
simplified model of Fig. D1.4 represent the elastic elements of a polymer (e.g., 
chain rigidity, chemical bonds, and crystallinity), each spring having a different 
constant that represents a time-independent modulus of elasticity. The dashpots 
represent the fluid elements (e.g., molecules slipping past each other), each one 
having a different viscosity or time-dependent stress-strain response. 

When a load is first applied on this model, it results in an initial, essentially 
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FIGURE D1.4 Model of viscoelastic behavior. 
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FIGURE D1.5 Viscoelastic responses. 


elastic deformation. As time under load increases, the deformation increases indefi- 
nitely but at a gradually diminishing rate (Fig. D1.5). After sufficient time the rate 
becomes so low that for most engineering purposes one can consider that it is zero. 
This phenomenon of continuing deformation, which also occurs in concrete, soft 
metals, wood, and structural metals at very high temperatures, is called creep. If 
the load is removed after a certain time (say, at point t, in Fig. D1.5), a rapid initial 
recovery of the creep strain occurs, followed by a continuing recovery but at a 
steadily decreasing rate. In this model complete recovery has not been achieved. 
However, if the creep strain did not cause irreversible structural changes and 
sufficient time is allowed, the strain recovery will in time be almost complete. The 
rate and extent of creep strain and its recovery are sensitive to temperature and 
can also be influenced by environmental effects such as the absorption of solvents 
or other materials with which the plastic may have come in contact while under 
stress. 

An analogous response of viscoelastic materials is stress relaxation. The load 
required to maintain a certain initial deformation will tend to gradually relax when 
that deformation is kept constant (see Fig. D1.5). Initially, stress relaxation occurs 
rapidly, and then with increasing time it decreases at a decreasing rate toward some 
ultimate value. 


Tensile Creep 


Each material has a characteristic stress-strain-time-temperature function. The pri- 
mary form for characterizing this function is with a family of tensile creep curves. 
Creep curves plotted on Cartesian coordinates (Fig. D1.6) generally show three 
continuous stages: a first stage marked by large and initial deformation; a second 
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FIGURE D1.6 Schematic of creep rupture strength of thermoplastics in tension. 


stage where deformation continues at a relatively slow and constant rate; and a 
third stage during which rupture occurs. In ductile plastics third-stage creep usually 
includes a distinct elongation or yielding just prior to rupture. In nonductile plastics, 
rupture occurs abruptly during second-stage creep. As illustrated by Fig. D1.7, 
which has been obtained on a certain pipe grade PE material, tensile creep curves 
are frequently plotted with log time as the abscissa. Such logarithmic plots allow 
for a more practical way of representing the information over the time range of 
engineering interest, and they also facilitate extrapolation of data to longer times. 
Many mathematical methods have been proposed to describe the creep behavior 


Strain, (96) 
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FIGURE D1.7 Tensile creep response for high-density 
polyethylene pipe material. 
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of plastic materials in terms of stress, strain, and time. One such method, which is 
contained in an American Society of Civil Engineers standard design practice, 
presents constants for PVC and PE that have been verified by tests lasting nearly 
20 years 

Any point on any creep curve gives a stress-strain ratio. This ratio is usually 
designated as the creep modulus, apparent modulus or, effective modulus, and is 
used for design calculations where the stress is prescribed but the strain is free to 
vary. Creep modulus curves derived from the creep data in Fig. D1.7 are presented 
in Fig. D1.8. 
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FIGURE D1.8 Creep modulus of elasticity versus stress intensity for a high-density poly- 
ethylene. 
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Analogous “‘stress-relaxation moduli” can be derived from stress-relaxation data. 
The stress-relaxation modulus is the property required for design calculations when 
the strain is prescribed and the stress is free to vary. However, the numerical 
difference between the relaxation modulus and the creep modulus is often small 
when the strain is small and elapsed times under continuous loading or straining 
are matched. Accordingly, the two can often be used interchangeably for engineering 
design. A procedure has been proposed to define the range over which the above 
assumption provides a reasonable approximation.’ This reference includes a detailed 
discussion on how viscoelastic properties can be used to model stress-strain response 
under a variety of time-dependent loading conditions. 

The creep modulus for a certain duration of loading is often expressed as a 
fraction of the modulus of elasticity that has been measured by a particular short- 
term tensile test. Such a simplified representation (see Table D1.10) assumes that 
over the range of engineering stresses for which the approximation will be used, 
creep modulus is independent of stress intensity. The consequence of this simplifica- 
tion is usually small and acceptable for most pipe design. The reciprocal of this 
fraction, called the creep factor, was introduced by Ref. 5 and is used by certain 
design practices, for example, those of the American Association of State Highway 
and Transportation Officials (AASHTO) culvert design specifications. 


TABLE D1.10 Approximate Ratio of Creep Modulus to Short-Term Modulus as a 
Function of Duration of Continuous Loading, for 73°F (23°C) 


Approximate ratio of creep to short-term modulus* 


Duration of uninterrupted 


loading, h High-density PE Type I PVC 
1 0.80 0.84 
100 0.52 0.60 
10,000 0.28 0.40 
438,000 (50 yrs) 0.22 0.34 


* Exact ratio depends on the specific commercial grade of material, stress field, fabrication 
residual stresses and other factors. 


Even though the deformation behavior of plastics is rather complicated, success- 
ful design can be simplified by using a creep or an apparent modulus that reasonably 
reflects response under the anticipated loads. For example, a buried pipe may be 
subjected to relatively short periods of externally induced high loads, followed by 
longer periods at lower loading. For such conditions, Boltzman superposition theory 
can be used to estimate an appropriate creep modulus? More often though, a 
simpler design check assuming a worse-case condition is all that is required. For 
example, the wall thickness of a buried pipe is first selected based on pressure 
rating considerations and then a check is made to ensure that this wall is sufficient 
to withstand a given combination of traffic (short-term) and soil (long-term) loads. 
To conduct the design check, it can be assumed that the two loads are simultaneously 
and continuously present; if the pipe is adequate to this task then no further 
calculation need be made. While procedures such as this are often used to simplify 
design, care must be exercised not to make unduly conservative assumptions which 
could rule out a fully acceptable construction that would be justified by a more 
refined evaluation. 
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Allowable Strength When Load is Constant 


The relationship between tensile load and time-to-fracture is described by the creep- 
rupture strength envelope of tensile creep curves (see Fig. D1.6). Each material 
has a specific envelope depending on the nature of the base polymer and the amount 
and kinds of additives used in its formulation. To simplify the task of obtaining 
data from which estimates of a material's long-term strength may be projected, the 
general practice is to ignore the creep response as a function of stress and time 
and only track the time-to-fail as a function of the test tensile stress. As is discussed 
later, excessive deformation under load is seldom, if ever, a factor in delimiting 
long-term strength. 

Stress-rupture data are obtained by means of long-term pressure tests that are 
conducted on pipe specimens made from the material under evaluation. The use 
of pipe specimens replicates the combined hoop and axial stresses that are seen by 
plastic pipe in actual service. Pipe stress-rupture testing is performed in accordance 
with ASTM D 1598, “Time to Failure of Plastic Pipe Under Constant Internal 
Pressure." Sufficient pressure versus time-to-fail points are obtained for a set of 
temperature and test environment conditions to define a hoop stress-rupture enve- 
lope through at least 10,000 h. The following relationship, commonly known as the 
ISO equation (denoting its adoption by the International Standards Organization), 
is used to calculate the pipe hoop stress generated by the internal test pressure: 


S = [P/2] x [Dn/t] (DI.1) 


where S — hoop stress, psi (MPa) 
P — internal pressure, psi (MPa) 
D,, = mean pipe diameter, in (mm) 
t — minimum pipe wall thickness, in (mm) 


The stress-rupture data obtained by testing in accordance with ASTM D1598 
are plotted on log stress versus log time-to-fail coordinates. If, as is generally the 
case for materials that qualify for pressure piping, the data plot along a straight 
line, the best least-squares line is determined mathematically and then extrapolated 
to 100,000 h to determine that material's estimated average long-term hydrostatic 
strength (LTHS). The extrapolation procedure used is that of ASTM D 2837, 
“Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials." A materi- 
al's hydrostatic design basis (HDB) is then established by categorizing its estimated 
average LTHS into one of a series of standard long-term strength values in which 
the numbers ascend in increments of 25 percent, as follows: 1,000 psi, 1,250 psi, 
1,600 psi, 2,000 psi (6.9 MPa 8.6 MPa, 11.0 MPa, 13.8 MPa), and so on. The purpose 
of categorizing LTHSs into a limited number of standard HDB values is to simplify 
material standardization and product design. Figure D1.9 illustrates the application 
of the ASTM D2837 procedure to establish the HDB of a PVC 1120 material. 

Every major standard specification for thermoplastic pressure pipe requires that 
the material from which the pipe is made have an established HDB for the standard 
condition of water at 73°F (23°C). Piping materials intended for hot water applica- 
tions are generally required to also have an established HDB for water for 180°F 
(82°C). Standards covering natural gas piping require evaluation of the HDB with 
natural gas—which consists of methane, with minor quantities of other gases—as 
the test medium. However, water may be used in the case of plastics for which it 
has been shown that the results are essentially equivalent. For most thermoplastics, 
testing with water or natural gas result in little difference. However, other gaseous 
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FIGURE D1.9 Application of method ASTM D 2837 to establish the hydrostatic design basis 
(HDB) for 73°F for a typical PVC 1120 material. 


fuels such as propane and butane can make a difference, depending on the degree 
to which they may be absorbed by the plastic. 

For some plastics, particularly those used for industrial applications, there exist 
stress-rupture data that have been obtained using chemical reagents of special 
interest. 

The Plastics Pipe Institute (PPI) publishes a periodically updated list of thermo- 
plastic pipe materials with HDBs for water which have been established in accor- 
dance with ASTM D 2837 and the additional requirements included in PPI TR-3, 
“Policies and Procedures for Developing Hydrostatic Design bases and Maximum 
Recommended Hydrostatic Design Stresses for Thermoplastic Piping Materials." 
Compositions that carry a PPI recommended HDB are listed in PPI TR-4, “HDB 
Listed Materials." A number of pressure pipe standards require that the material 
have a PPI listed HDB. 

The HDB that is forecast by method ASTM D2837 is predicated on a fundamen- 
tal assumption: that the straight-line log stress versus log time-to-fail behavior that 
is defined by the data obtained through at least 10,000 test hours (1.14 years) will 
continue its straight course through at least the 100,000-h (11.4-year) intercept. To 
lend confidence to this assumption, certain requirements and procedures, as follows, 
have been included in method D2837: 


* Experimental data must include not less than 18 data points, 4 of which must 
span not less than 6,000 testing hours. 


* At least one data point must span a test time of not less than 10,000 h. 
* Statistical analysis of the data must yield a 95 percent lower confidence value for 


the projected 100,000-h intercept that is not less than 85 percent of the projected 
mean strength at 100,000 h. 


Additional data requirements, particularly when establishing HDBs for elevated 
temperatures, have been adopted by PPI and are included in the aforementioned 
PPI TR-3 report. 
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FIGURE D1.10 Schematic of the stress-rupture behavior of a polyethylene material 
subject to slow crack growth (first downturn) and chemical degradation (second 
downturn). Such materials are excluded from pressure service. 


In the case of PE pipe compositions there is a further requirement in ASTM 
D2837 which is designed to validate the assumption that the 73.4°F stress-rupture 
data obtained through 10,000 h will continue its straight-line course through at least 
100,000 h. PE piping materials can only qualify for pressure pipe service when 
they demonstrate compliance to this validation requirement. The reason for this 
additional requirement is the finding that PE pipe under long-term load can fail 
by one of three distinct failure modes, as follows’ (see Fig. D1.10): 


* The first is a ductile failure whereby the specimen ruptures as a consequence of 
gross yielding at a location subjected to maximum average tensile stress. The lower 
the stress, the longer it takes for yielding to occur. No, or little, irreversible 
structural damage occurs in the material prior to yielding. When this failure mode 
controls, the slope of the stress-rupture line is relatively flat. 


¢ The second is a slit failure which is the end result of a slow crack growth mecha- 
nism, whereby localized stress concentrations, created by minute defects or inclu- 
sions in the material, spawn small cracks which then grow, so long as sufficient 
stress intensity is present. As shown by Fig. D1.10, the strength of PE regresses 
faster in the brittlelike slow crack zone than is projected by the ductile failure 
trend. If the transition from ductile to brittlelike failure occurs within the intended 
design life of a pipe, a forecast of its long-term strength based solely on the earlier 
ductile behavior can result in an overestimate of a material’s actual long-term 
strength. Accordingly, PE materials used for pressure piping have to have high 
resistance to this failure mechanism to ensure continuance of the ductile stress- 
rupture line, and thereby optimum long-term strength. 


The third is the result of a breakdown of the polymer molecule through oxidative 
or other degradation. When this occurs, the polymer’s longer-term strength can 
be severely compromised. For ordinary applications this possibility is precluded 
by the addition into the pipe composition of appropriate kinds and amounts of 
stabilizers and antioxidants (see discussion on chemical resistance). 
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The ASTM D2837 procedure for validating the HDB of PE piping materials is 
designed to ensure that the material’s long-term strength will not be compromised 
by inadequate resistance to slow crack growth. The procedure used is based on the 
observation that the time for the onset of the slow crack growth mechanism that 
leads to brittlelike failure (the first downturn in Fig. D1.10) is greatly accelerated 
by increasing temperature, and that the rate of acceleration follows basic rate 
process principles. The extent by which increasing test temperature accelerates the 
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FIGURE D1.11 Effect of temperature on the time required 
to reach downturns caused by slow crack growth. This material 
does not qualify for pressure service. 


onset of brittlelike failure is illustrated by Fig. D1.11 By relating the effect of the 
increased test temperatures on the shortening of the test time required to reach 
the brittlelike failure zone at a given stress level, one may validate the assumption 
that the straight-line behavior described by the ambient temperature data will 
continue its straight-line course through at least 100,000 h. In accordance with 
current standards, PE materials that do not meet the validation requirement of 
ASTM D2837 are excluded from pressure pipe applications. 

The fracture mechanics process by which slowly growing cracks are incubated 
and then propagated has been the subject of much investigation in the recent past.5? 
One result of this work is the development of two new test methods—both based 


D.42 NONMETALLIC PIPING 


on measuring the time-to-fail of a notched tensile specimen that is subjected to a 
constant tensile load at an elevated temperature— that give in relatively short time 
a good index of a PE's very-long-term resistance to failure by the slow crack growth 
process. As reported under the discussion of PE piping materials, ASTM D3350, 
the PE piping material specification, has been recently revised to include this test 
method as a material performance criterion. 

To protect against oxidative degradation, the cause of the second downturn in 
Figure D1.10, current PE piping formulations include appropriate amounts and 
types of stabilizer packages. Accelerated aging studies, as well as those conducted 
on pipe that has been in actual service for many years, indicate that PE can be 
suitably protected against oxidative degradation over its intended service life when 
conveying water, gas, and similar fluids.’ 


Other Materials. Downturns in stress-rupture behavior have also been observed 
in other thermoplastics. A material’s susceptibility to “aging” by gradual physical 
and chemical changes created by the stress and environmental conditions to which 
it is continuously subjected can result, after sufficient time, in a transition in failure 
mechanism that sometimes—but not always—results in a significant downward 
shift in its longer-term stress-rupture behavior. In cases where a significant downturn 
occurs after longer times than the longest test period, a forecast of long-term 
strength that is based on the earlier observed stress-rupture behavior could result 
in a significant overestimation of a material's actual long-term strength. While 
the primary objective of long-term stress-rupture characterization is to establish a 
reliable estimate of a material's long-term strength, another function of this test is 
to exclude from pressure piping those materials and formulations that are inade- 
quate for very long-term service when subjected to sustained loading. Longer-term 
stress rupture testing is a fairly effective test procedure for screening out from 
pressure applications those materials that are prone to downturning in their stress 
rupture properties. However, as will be discussed, for more effective screening 
other information should also be considered. 

A plastic material’s susceptibility to detrimental “aging” that could cause down- 
turns in its very-long-term stress-rupture properties depends on a number of factors, 
including the nature of the service environments; the polymer's chemical nature 
(e.g., PVC, PE, PB, and so on); its molecular structure (molecular weight, molecular 
weight distribution, branching, and so on); the formulation of the plastics composi- 
tion (kind and amounts of additives, including stabilizers); and quality of manufac- 
ture. As an example, significant downturning in stress-rupture properties has been 
reported in PVC materials of lower molecular weights. The same trend has been 
observed with PVC formulations that include more than relatively low quantities 
of finely divided fillers, such as calcium carbonates. For these reasons the policies 
in PPI TR-3 limit the minimum molecular weight of PVC resins, and the kind and 
amounts of calcium carbonate that can be used in PVC formulations intended for 
pressure pipe applications. 

Excepting for the special requirement for PE materials that is discussed above, 
there is no formal general protocol in ASTM D2837 for ensuring for the particular 
material being analyzed that a significant downturn in stress-rupture properties will 
not occur sometime beyond the maximum time over which the experimental data 
were gathered. Therefore, the applicability of this extrapolation method to a plastic 
material has to be judged in consideration of other information that can give an 
indication about the possible occurrence of a future downturn. A positive source 
of confidence is, of course, successful long-term service experience with the kind 
of plastics for which a long-term forecast is being made. A second one is the 
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demonstrated continuance of straight line stress-rupture behavior for much beyond 
the minimum 10,000 h required by ASTM D2837. Certain materials have been on 
test for well over 10 years. A third one is information gathered from other tests 
and from actual field experience about the “aging” effects on the material by the 
physical and chemical environments to which it may be subjected while in service. 
And a further source is the absence of a downturn during at least the first 10,000 
test hours when testing the plastic at a higher temperature, say, about 40°F (22°C) 
above that for which the HDB is being established. As discussed previously, increas- 
ing the test temperature has a profound effect in shifting downturns to much earlier 
times. Therefore, the absence of a downturn in such an elevated temperature test 
during the first 10,000 h of testing is taken as a very good indicator that a downturn 
will not occur for very much longer times at the lower end-use temperature. The 
listings of HDBs that are issued by PPI have been established with consideration 
of these various means for enhancing confidence in the forecasts of longer-term 
strength of thermoplastics piping materials. In many cases manufacturers of plastics 
piping and of plastics piping materials issue reports that details other information 
they have accumulated in support of the appropriateness of the long-term strength 
predicted by method ASTM D2837. 

The International Standards Organization (ISO) has recently issued report ISO/ 
TR 9080, “Methods of Extrapolation of Hydrostatic Stress-Rupture Data to Deter- 
mine the Long-Term Strength of Thermoplastics Pipe Materials.”** This ISO method 
includes mathematically based procedures for the analysis of elevated multitempera- 
ture data to give assurance that the projected long-term strength for a lower maxi- 
mum service temperature will not be compromised by an unanticipated downturn 
during the pipe’s intended service life. 


Deformation under Load and Ultimate Strain Capacity 


As mentioned earlier, the property of ductility—sometimes referred to as strain- 
ability—of thermoplastics piping materials is a generally recognized beneficial 
characteristic of these materials. Their capacity to deform significantly prior to 
rupturing allows them to shed-off, through localized deformation, stress concentra- 
tions that could initiate cracking in less ductile materials. Another benefit of ductility 
is the soil-pipe interaction that is generated by the flexibility of buried plastics 
piping. 

However, too much creep while under load can lead to performance limitations 
such as excessive diametrical deformation of pipe under pressure. To ensure that 
this is not a problem, ASTM D2837 imposes the following limitation: The HDB 
that is projected by the extrapolation of the stress-rupture data cannot be greater 
than the sustained stress which would produce a 5 percent diametrical expansion 
at 100,000 h. For all the presently used stress-rated thermoplastic pipe materials in 
North America, the 5 percent expansion strength has been determined not to be 
a limiting factor. Therefore, expansion measurements are not required for these 
materials. 

Although the diametrical expansion at failure of a thermoplastic pipe subjected 
to a stress equal to its HDB is under 5 percent, it is generally above 3 percent and 
usually closer to 4 percent. Engineering materials are considered to be ductile when 


* Copies of ISO standards may be obtained from the American National Standards Institute. See listing 
of standards writing associations for address. 
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they are able to deform prior to failure by at least 3 percent. When a material is 
ductile a localized stress concentration only leads to localized plastic deformations 
which modify the local geometry and thereby both reduce and redistribute localized 
stress. If the material is brittle—that is, if it fails after but minimal deformation— 
localized stress concentrations remain high and can initiate a crack, which once 
started, is then propagated by the greatly magnified stresses that develop at the 
bottom of a crack under tension. Therefore, design with ductile materials can be 
based on average or nominal stress due to tension, shear, or bending. All the 
common design protocols for thermoplastics piping assume ductile behavior. In 
contrast, design with brittle materials must be based on a combined stress analysis 
the objective of which is to identify the maximum stress, or strain, in consequence 
of any and all possible loads, that can occur at any point in the piping, but particularly 
at points that invite the development of multiaxial stress intensification. 

Experience has shown that thermoplastic piping materials which exhibit low 
strain capacity under sustained loading tend to fail in time by cracks that initiate 
and then slowly grow at points of localized stress concentration. In the case of 
buried pipes, conditions that can produce localized stress concentrations include 
stone impingement, shear loading due to differential settlement, excessive bending, 
and nonrounded corners in fittings. While the occurrence of localized stress intensi- 
fications should always be mitigated by proper product design and installation, if 
the pipe material is too strain-sensitive it can be subject to premature failure even 
under the best of conditions. Consider the experience with early vintage high- 
density PE pipe materials such as the one that exhibits the stress-rupture properties 
depicted by Fig. D1.11 After some time in service, even as long as after 25 years, 
buried pipes made from such materials have failed by small cracks that were initiated 
at points of localized stress intensification. As shown by Fig. D1.11, sustained 
pressure testing of pipes made from such materials revealed that their longer-term 
strength was compromised by a subsequent downturn in stress-rupture properties. 
However, the downturn had another important negative consequence: It resulted 
in a loss of ductility. 

In a short-term tensile test, which is conducted at a strain rate of around 20 
in/min (500 mm/min), PE piping materials exhibit a total elongation at failure of 
well over 100 percent, in some cases over 500 percent. As is the case with all plastics, 
under sustained loading the elongation at failure of PE steadily decreases with 
increased time-to-failure. But as already mentioned, PEs now considered suitable 
for pressure applications always fail at deformations not less than about 3 percent, 
even after the longest time under sustained loading. However, the material for 
which the data in Figure D1.11 were obtained fails in time at diametrical expansions 
of under 3 percent, and the longer the time under load, the lower the value. This 
is shown by Figure D1.12, which compares 68°F (20°C) isometric (constant strain) 
diametrical expansion curves to the 68°F (20°C) stress-rupture data obtained on 
this PE material. In the region where the stress-rupture line (band in this case) is 
parallel to the isometric curves, ductile failure dominates and the diametrical expan- 
sion is fairly large. But in the region where the stress-rupture line downturns, 
brittlelike failures dominate and the diametrical expansion at failure can be as low 
as 1 percent. So, the effect of a downturn for this PE is not only a reduction in its 
long-term strength but its transformation from a ductile to a brittlelike-behaving 
material. As already mentioned, the validation requirement of ASTM D2937 ex- 
cludes such PEs from pressure pipe service. 

All commercial grade thermoplastic piping materials that have demonstrated 
permanent ductility under conditions of service exhibit stress-rupture characteristics 
that are free of significant downturns. 
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FIGURE D1.12 Comparison of the creep-rupture (also referred as stress- 
rupture) strength to isometric curves (constant strain) for 68°F (20°C) that have 
been experimentally determined on pipe made from a PE material that exhibits 
an early downturn in its stress versus time-to-fail characteristics. 


Allowable Strain 


As explained earlier, when deformation is kept constant during loading time, the 
load gradually relaxes, reducing—but never completely eliminating—any stress 
intensity which could generate and propagate cracks. As a result, the long-term 
strain capacity of a material maintained at constant deformation is somewhat greater 
than if deformation had been achieved over the same time of loading by free 
creeping, with no relaxation of loading. However, even though stress relaxation 
gives somewhat more leeway, materials intended for nonpressure pipe applications 
must still have a good measure of long-term strain capacity (i.e., ductility); otherwise 
they will behave over the long-term as brittle materials for which design and installa- 
tion must anticipate and avoid any and all localized stress intensifications. This is 
particularly the case for materials used in profile wall construction, the geometry 
of which tends to produce localized stress risers. 

Unlike what has become the generally accepted practice for the qualifying of 
pressure piping materials, for which evaluation by ASTM D 2837—or, by another 
suitable procedure that relies on longer-term data—is a controlling requirement, 
there is no common longer-term test protocol by which to judge the suitability of 
a plastic for nonpressure service. Recognizing the value of longer-term data some 
standards for nonpressure piping do require that the pipe material have an estab- 
lished HDB. However, because the HDB test is time consuming and expensive to 
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run, and because some believe it is excessively demanding for nonpressure piping, 
the material requirements for many nonpressure pipe standards are based only on 
the results of shorter-term tests. The particular minimum property requirements 
for these materials have been established by relating their shorter-term properties 
to observed quality of longer-term field performance.?'^ While this approach has 
generally worked quite well, experience has shown that in some cases it is not as 
reliable a predictor of adequacy of longer-term strain capacity as is needed. The 
recent emergence of new testing procedures based on fracture mechanics for the 
evaluating of the resistance to failure mechanisms that can compromise a materials 
longer-term strength and ductility promises improved discrimination for the speci- 
fying of nonpressure piping materials." As of this writing, the new ASTM notched 
constant tensile tests that were referenced earlier are also being evaluated for use 
as an index of the longer-term stress crack resistance of PE materials intended for 
nonpressure piping." 


Resistance to Short-Term Loading 


By virtue of the relationship of duration of loading on ultimate strain and ultimate 
strength, plastics have a certain ability to withstand a higher temporary loading 
than that indicated by their long-term strength. In short-term loading—such as 
represented by the higher momentary pressure created by internal pressure waves, 
or by the temporary added external soil pressure caused by rolling traffic—the 
limiting stress for long periods of sustained loading can be considerably exceeded, 
provided the temporary overloading is kept within reasonable limits and its occur- 
rence is sufficiently infrequent so as not cause damage to the plastic by fatigue. 
Some standards (such as those of AWWA) and a number of design practices give 
information on the magnitude of infrequent overloading that can be safely tolerated 
by certain plastic pipes. In cases where the overloading is likely to occur relatively 
frequently, a pipe's fatigue resistance capabilities need to be considered. 


Fatigue Resistance 


As with any other engineering material, repeated cyclic stressing of plastics can 
cause a reduction in their strength through fatigue. Also, brittlelike fracture at 
points of stress intensification is more likely under cyclic loads than under a simple 
static load. There is a similarity between the shape of fatigue or S-N (stress amplitude 
versus number of cycles to failure) curves for plastics and those obtained for metals. 
S-N data? for PVC and PE pipes indicate that fatigue sensitivity varies not only 
from one plastic to another but can be different within the same plastic family 
depending on molecular structure, formulation, and fabrication quality. Also, stress 
risers caused by fitting or joint geometry can magnify the effects of fatigue. By 
limiting the magnitude of the maximum stress caused by cyclic plus static stresses, 
or by suppressing the amplitude of the stress change to the "safe" value indicated 
by S-N curves, long service life can be achieved. A number of design practices 
prescribe such limits," 152? 


Potential Consequence of Failure Mode 


The potential failure mode of a plastic pipe may determine the choice of material 
and/or the limiting service conditions. Some thermoplastics are subject to failure 
by shattering, which could present a hazard to personnel when the pipe is either 
used for the aboveground conveying of pressurized gases or when it is pressure 
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tested with compressed air. For this reason, the Plastics Pipe Institute recommends 
that no thermoplastic pipe be tested with compressed air or used for aboveground 
compressed gas service unless it has been evaluated and is specifically recommended 
by the manufacturer for that service. 

Thermoplastic pipe failure can also occur by a rapid crack propagation (RCP) 
process, whereby axial cracks may travel long distances and at high speeds in a 
pressurized pipeline. Resistance to RCP has been linked to the absorbed energy 
in the Charpy impact test, a property highly influenced by temperature. The possibil- 
ity for the occurrence of RCP increases with increasing pressure and pipe diameter, 
as well as with decreasing temperature. For certain applications, such as gas distribu- 
tion, a design objective is to ensure that the selected pipe material in the largest 
pipe diameter when operating at maximum pressure and minimum temperature will 
notlead to RCP should the pipe be accidentally damaged. Calculation procedures for 
evaluating compliance with this objective have been proposed.” 


CHEMICAL RESISTANCE 


A major reason for the broad acceptance of thermoplastics piping is its virtual 
freedom from attack by ambient moisture and other common corrosives. This 
applies not only to external surroundings, both below as well as aboveground, but 
also to the materials being conveyed. Being nonconductors, plastics are immune 
to galvanic or electrochemical corrosion. The electrical activity of electrolytes such 
as acids, bases, and salts is of no consequence. Plastics piping is generally durable 
and not subject to a gradual degradation of material and properties comparable to 
the rusting of steel, or atmospheric corrosion of copper, or pitting of concrete. 
Painting, wrapping, lining, and cathodic and other forms of corrosion protection 
are not required. Maintenance costs are therefore, minimal. 

However, as indicated by the abbreviated chemical-resistance guide shown in 
Table D1.11, for each plastic there are certain substances that can be hostile. 
Identifying the suitability of a plastic to a specific chemical is inherently more 
complex than for metals for several reasons. One of these, as previously elaborated, 
is that even within the same family of plastics the individual members may differ 
in molecular composition and in the nature and quantity of compounding additives. 
All of these can affect chemical resistance. Chemical-resistance charts, such as the 
abbreviated Table D1.11, are not to be considered more than a preliminary guide. 

Another reason is that plastics can interact with chemical environments by a 
number of different mechanisms that can vary in rate, and in degree of impairment 
of performance properties, depending on concentration, temperature, and stress 
level. The primary mechanisms are as follows: 


* Chemical attack. A chemical environment can attack certain active sites on the 
polymer chain, leading to chain scission and, ultimately, to significant *aging" or 
degradation of the polymer. The rate of attack can determine suitability of the 
plastic—if very slow, or if arrested by the addition of an appropriate stabilizer, 
long service life can be realized. Strong oxidizers will attack many plastics. This 
is why antioxidants are generally included in the stabilization package of many 
thermoplastic compounds. 


* Solvation. The absorption by a plastic of an organic solvent is called solvation. 
Its effect may range from a slight swelling and softening, with minor effect on 
properties, to a complete solution. For example, the solvent cementing of ABS 
and PVC is based on solvation. 
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TABLE D1.11 Thermoplastic Piping Materials: Chemical Resistance Guide for Ambient 


Temperatures (See Note 1) 


Chemical 


PVC 


ABS TypelI Type I 


CPVC 


PE 


PEX PB 


PP 


PVDF 


Inorganic materials 
Acids, dilute 
Acids, concentrated (<80%) 
Acids, oxidizing 
Alkalies, dilute 


Alkalies, concentrated (<80%) 


Gases, HCl & HF, dry 
Gases, HCl & HF, wet 
Gases, ammonia, dry 
Gases, halogen, dry 
Gases, sulfur containing, dry 
Salts, acidic 
Salts, basic 
Salts, neutral 
Salts, oxidizing 

Organic chemicals 
Acids 
Acid anhydrides 
Alcohols, glycols 
Esters, ethers, ketones 
Hydrocarbons, aliphatic 
Hydrocarbons, aromatic 
Hydrocarbons, halogenated 
Natural gas (fuel) 
Mineral oil 
Oils, animal & vegetable 
Synthetic gas (fuel) 


Notes: 
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1. G denotes good; L limited resistance; and P poor. These ratings are only for general guidance. For 
determination of suitability of chemical resistance under the actual anticipated end use conditions more 


detailed information should be consulted. 


2. Stress crack resistant grade of plastic material should be used. 


* Plasticization. 


When a liquid hydrocarbon is an imperfect solvent; that is, when 


it is miscible with a polymer but unable to dissolve it, plasticization may result. The 
plasticizing effect can vary over a wide range, depending on relative miscibilities. 
Plasticization can significantly compromise mechanical properties, including 


creep-rupture behavior. 


¢ Environmental stress-cracking. Under this mechanism, fracture of the plastic can 
occur after some time in response to a synergistic action of stress and environment. 
Stress-cracking agents tend to be strong surface-wetting liquids, such as detergents, 
surfactants, glycols, and alcohols, which by some mechanism not yet fully identified 
facilitate the development and growth of microcracks when under stress. Suscepti- 
bility to stress-cracking can be mitigated by selecting stress-crack-resistant grades 


of material. 


In all these mechanisms, stress, reagent concentration, and time are important 
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variables. In addition, temperature has a profound effect on the results. Raising 
the temperature significantly increases the reaction rates. It also causes a polymer 
to expand and become more penetrable, more permeable, and more soluble. Fore- 
casting performance at higher temperatures based on lower-temperature results 
can, therefore, be risky. 

Because chemical resistance can be limited by any of the just-noted mechanisms 
and be affected by many variables, shorter-time soak" tests cannot reliably predict 
actual performance. Most chemical-resistance charts are, however, based on such 
information. They should only be considered as an initial guide. A more effective 
method of evaluating the effects of chemicals, particularly for pressure piping, is 
creep rupture with the specimen immersed in or in contact with the test environment. 

A creep-rupture test method specifically designed for evaluating the chemical 
resistance of plastics pipe is the subject of ISO Standard ISO 8584. ‘“Thermoplastic 
Pipes for Industrial Applications Under Pressure-Determination of the Chemical 
Resistance Factor and of the Basic Stress." Chemical resistance evaluated under 
this or similar methods is reported by some manufacturers. Successful previews in 
the same or similar service are also reliable indicators. Lacking this, chemical 
resistance will be best established by actual service testing. Manufacturers and trade 
associations can assist in obtaining this information. An advantage of service testing 
is that it is sure to include some minor chemical component, such as a surfactant, 
which could influence the final result. 

When selecting plastic pipe for a given application, consideration should also 
be given to the possibility that the quality of the fluid being transported could be 
affected by permeation of organic pollutants with which the outside of a pipe may 
be exposed. Thermoplastics, as well as elastomers (such as used in rubber gaskets) 
and porous materials such as asbestos cement and concrete, may be subject to 
permeation through the pipe wall by lower molecular weight solvents and other 
liquid organics, such as petroleum products. Prior to selecting materials for installa- 
tion in soil or other material that is or can be contaminated by organic solvents, 
the piping manufacturer should be consulted regarding permeation properties of 
the pipe walls, fittings, and jointing materials. 


Effect on Fluids Being Conveyed 


Plastic pipe materials are generally inert to the materials being transported. Because 
their composition includes minimal or no quantities of materials which can produce 
dissolved ions, plastics pipes are often used for the transport of pure materials, 
including deionized water. For food service there are pipes available that have been 
made from materials approved by the Federal Food and Drug Administration. 

Plastic pipe resins are also neutral to potable water. However, because it is 
possible to formulate pipe with certain ingredients (such as stabilizers, catalysts, or 
modifiers) that could leach out and adversely impact water quality, most standards 
and codes require that pipe intended for this service meet the requirements of 
National Sanitation Foundation Standard 61, “Drinking Water System Compo- 
nents-Health Effects (November, 1996)." 


DESIGN AND INSTALLATION 


As discussed earlier, thermoplastics are viscoelastic materials; thus they exhibit a 
profoundly different stress-strain and stress-rupture response than do elastic materi- 
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als. Nonetheless, elastic equations used for other types of piping are frequently 
applicable to thermoplastics piping, provided that their engineering behavior is 
represented through appropriately derived values of apparent modulus and strength. 
Since these properties are greatly influenced by the history ofthe material's exposure 
to stress as well as by temperature and environment, proper use of traditional 
elastic equations requires appropriately established or estimated property values. 
Long-term strength values for certain conditions [such as for water at 73°F (23°C)] 
are available, and in some cases (i.e., maximum recommended hydrostatic design 
stress) they may even be part of the product standard. In addition, some codes and 
suggested design protocols either list or give procedures for arriving at appropriate 
values of strength, stiffness, and allowable strain. As this is a still developing technol- 
ogy, not all properties for all materials are yet available in a standardized basis. 
However, for the more frequently used materials, sufficient information for the 
majority of applications is either available or may be adequately estimated. 

While the viscoelasticity of thermoplastics somewhat complicates the process of 
selecting appropriate material constants, materials with high strain capacity help to 
facilitate design. Under a great many conditions thermoplastics display a ductilelike 
behavior: They are able to deform significantly before fracture. This behavior helps 
to redistribute stresses and preclude failure by localized stress intensification which 
could initiate cracking in brittlelike materials. Within certain limits, design of ther- 
moplastics piping is based on average stress; localized stress concentrations are 
generally ignored. 

Also, as previously pointed out, the strain capacity of thermoplastics under 
constant strain (where stresses can gradually decrease through stress relaxation) is 
often significantly greater than that under constant load (where stresses intensify 
as the material deforms). Allowable strain limits under constant strain can therefore 
often be greater than the fracture strains observed under sustained loading. For 
example, several investigations of PVC and PE pipes subjected to constant deflec- 
tions over long periods of time show that the materials did not fail at sustained 
strains of as high as from 5 to 10 percent." These same strains corresponded to 
relatively short lifetimes when the materials were subject to constant load. 

One simplification commonly employed in the North American design of flexible 
buried plastic pipes (the word flexible in this instance signifies that the pipe can 
undergo significant permanent deformation without cracking) assumes that internal 
pressure (constant load) and external loading (resulting largely in pipe bending 
stresses relieved by both pipe deformation and stress relaxation) are acting indepen- 
dently. That is, the pipe wall thickness is chosen on the basis of internal fluid 
pressure, and then a separate analysis is made to ensure that the pipe is sufficiently 
strong and structurally stable under the external loads acting alone.!^5 In effect, 
localized fiber stresses due to bending and other external loadings are neglected. 
Standard installation practices include recommendations for avoiding localized 
stress concentrations. For cases where localized strain cannot be avoided and where 
it may thus limit design, more rigorous design protocols based on a combined 
loading analysis are available? 

There are many potential factors that could cause a material with apparent high 
strain capacity to shift from the ductilelike to the brittlelike state and as a result, 
fail at lower-than-expected strains. These can include temperature, environment, 
duration of loading, nature of loading (unrelieved or relieved by stress relaxation), 
stress triaxiality, fatigue, scale factors (such as wall thickness), damage (cuts, gouges), 
stored energy in system (such as residual stresses from manufacture), material 
imperfections (voids, contaminants), polymer aging, and chemical attack. Judging 
from the good track record that exists, these influences, although difficult to quantify, 
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appear to have been adequately considered for typical uses by standards, design 
protocols, and installation practices. In addition, material requirements and im- 
provements have been evolving that ensure greater durability in pipe products. 
Furthermore, design practices give recognition to the effects on strength and stiffness 
and other long-term engineering properties by time, temperature, and environment. 
Finally, installation recommendations address many of the unique characteristics 
of plastics that can affect structural integrity and durability. To be sure, the state 
of the art of thermoplastics piping is still evolving, and considerable work yet 
remains to be accomplished to further define materials properties and performance 
limits. Such work is ongoing, and for the latest information the reader is encouraged 
to refer to the growing literature, particularly to the papers presented at the various 
conferences that address plastics piping technology. 

As demonstrated by the successful record of experience, sufficient information 
is available to successfully support proper application of thermoplastics over a very 
broad range of engineering uses. To best realize the performance potential of 
thermoplastics piping, the user should base materials selection and utilize design 
and installation practices on information, such as standards and recommended 
practices, which has been developed under the technical scrutiny of the consensus 
process of an established professional society or technical association, as well as 
upon the recommendations and reports issued by industry and independent sources. 
A number of such references are provided at the end of this chapter. 

The following material is an introduction to some of the more basic aspects of 
the design and installation of thermoplastics piping. More detailed recommendations 
suitable to a particular product and situation should be sought and followed. 


COMMON DESIGN AND INSTALLATION 
CONSIDERATIONS 


Internal Hydraulic Pressure 


Thermoplastic pipe is pressure rated by means of the ISO Eq. (D1.1). When rewrit- 
ten to solve for pressure, this equation takes the form: 


PR = 2(HDS) x t/D,, (D1.2) 


where PR = pipe pressure rating, psi (MPa) 
t = minimum wall thickness, in (mm) 
D,, = mean diameter, in (mm) 
HDS = HDB x DF, where HDB is in psi (MPa) units and DF is the pipe 
design factor 


Values of HDS for water at 73°F (23°C) are specified by most ASTM and other 
standards that cover water and gas applications. The maximum HDS for water is 
generally determined by multiplying the material's HDB by a design factor (DF) 
of 0.5. In selecting the appropriate design factor, consideration is given to two 
general groups of conditions. The first group considers the manufacturing and testing 
variables, specifically normal variations in the material, manufacture, dimensions, 
quality of handling techniques, and the accuracy of the long-term strength predic- 
tion. The second group considers the application or use, specifically installation, 
environment, temperature, hazard involved, life expectancy desired, and the degree 
of reliability selected. 
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For gas pipe, a DF of 0.32 is prescribed by the federal code. Certain other codes 
and standards (e.g., those of AWWA) may prescribe specific design factors. A DF 
smaller than 0.5 is used in applications where greater compensation is advisable 
for certain anticipated conditions (e.g., surges or temperature), or where the fluid 
conveyed may have some effect on the pipe material properties. The final determina- 
tion of the appropriate DF for any given application is up to the discretion of the 
design engineer. 

By assuming that a pipe's outside diameter is equal to Dm + t, the previous 
equation takes the following form: 


PR = 2(HDS)/(DR - 1) (D1.3) 
where DR - ratio of average outside pipe diameter to minimum wall thickness 


Equation D1.3 is used to compute the pressure rating of DR dimensioned pipe. 

There is no equivalent design system for establishing the pressure rating of 
fittings. Some fitting standards require that fittings have a short-term burst strength, 
and in some cases a 1000 h strength, that is not less than that of the pipe for which 
the fitting is intended. This is not always sufficient to ensure that fittings will have 
long-term strengths that are comparable to that of the pipe. Because of their 
geometry, the stresses generated by pressure on a fitting body are more complex 
and not amenable to easy calculations. Furthermore, such complex stress fields tend 
to result in a faster regression of strength with duration of loading than occurs in 
the simple cylindrical pipe shape. For these reasons, even if a fitting matches the 
short-term strength of a pipe, it may become the weak link over the long term. 
This is more likely the case where there are cyclic pressures that can weaken the 
material by fatigue, usually at fitting stress risers. 

Fittings are also sometimes made from a lower molecular weight or better 
lubricated compound in order to facilitate molding. Such compounds may have 
somewhat weaker creep-rupture and fatigue characteristics, which may need to be 
compensated by thicker walls or by limiting the maximum service conditions of 
pressure and temperature. For these reasons the designer should not presume that 
a fitting labeled with a certain schedule (say, Schedule 40 or 80) will have the same 
pressure rating as the pipe of the same designation. Suggested maximum pressure 
ratings for PVC fittings Schedule 40 and 80 have been published? (see Table D1.12), 
and these are significantly lower than for pipe. Because of differences in mold 
design and other factors, it is best for the designer to consult with the fitting 
manufacturer for fitting pressure-rating recommendations. 

AWWA C 907, “AWWA Standard for Polyvinyl Chloride (PVC) Pressure Fit- 
tings for Water—4 Inch Through 8 Inch," is distinctive from most other fitting 
standards in that it requires each molded fitting configuration to be qualified by an 
accelerated regression pressure testing intended to ensure a minimum long-term 
pressure strength sufficient for a 150 psi (1.0 MPa) fitting Pressure Class. 


Surge Pressure 


Transient and regularly recurring surge pressures may cause damage to pipe and 
fittings by either of two possible effects: The surge exceeds the short-term fracture 
strength of the pipe or one of the components; or (and this is the more likely 
possibility) the repetitive changes in pressure exceed the fatigue endurance limit 
of the pipe or some piping component. Transient or water hammer surges result 
from sudden changes in velocity. The pressure rise caused by the velocity change 
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TABLE D1.12 Suggested Maximum Sustained Working Pressures for Water for 73°F 
(23°C) for Schedule 40 and Schedule 80 PVC Fittings* 


Schedule 40 Schedule 80 
Required Required 
minimum burst Maximum minimum burst Maximum 
pressure by suggested pressure by suggested 
ASTM D2466 working pressure ASTM D2467 working pressure 

Nominal size, in psig psig psig psig 
Vo 1910 358 2720 509 
9A 1540 289 2200 413 
d 1440 270 2020 378 
1% 1180 221 1660 312 
1% 1060 198 1510 282 
2 890 166 1290 243 
2% 970 182 1360 255 
3 840 158 1200 225 
3% 770 144 1110 207 
4 710 133 1040 194 
5 620 117 930 173 
6 560 106 890 167 
8 500 93 790 148 
10 450 84 600 140 
12 420 79 580 137 


* This table is only intended as a general guide. Appropriate maximum working pressures may vary 
widely depending on specific fitting design and field conditions, particularly when repetitive surge pressures 
are present as these may lower the long-term strength because of fatigue effects. The fitting manufacturer 
should be consulted for recommendations. Source of these suggested values is Ref. 20. 


can be estimated by means of the same equations used for calculating the effects of 
water hammer in other pipes. The only difference is that with plastics the appropriate 
material modulus is that for the condition of dynamic, instantaneous response 
(about 150,000 psi (1.0 GPa) and 460,000 psi (3.2 GPa) for high-density PE and 
PVC, respectively, at 73°F (23°C)). In cases of network piping it is suggested that 
a complete network analysis be performed for more accurate estimates of possible 
surge pressures. 

Because of the lower stiffness of plastics, the surge pressure rise that occurs 
from water hammer is significantly lower than for metallic piping. For example, 
the surge pressure rise for each foot-per-second change in flow velocity is from 
about 16 to 20 psi (110 to 140 kPa) and 8 to 12 psi (55 to 83 kPa) for PVC and 
PE, respectively, at 73°F (23°C). The exact value depends on pipe wall thickness— 
the thicker the wall, the larger the pressure rise. As noted previously, if there is 
no damage accrued by excessive fatigue, thermoplastic pipes have the capability 
to withstand momentary pressures that are significantly greater than the pipe’s 
pressure rating. This is due to the stress versus time-to-failure characteristics of 
thermoplastic pipe materials. However, if the sum of short-term pressure rise plus 
the sustained working pressure exceed the pipe’s short-term burst strength, failure 
will result. 

Entrapped air in a pipeline can produce sudden accelerations of air-separated 
water columns. The kinetic energy of these fast-moving columns can sometimes be 
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high enough to fracture the pipe. For this reason, when plastic piping systems are 
first filled with water, either for operation or testing, they should be filled carefully 
and relatively slowly to minimize air entrapment. Air should be vented from the 
high points before the system is pressurized. Other precautions should also be 
taken, such as carefully laying pipe to grade or using air vent-vacuum relief lines, 
to minimize the entrapment of air in operating pipelines. 

When there exists a frequently recurring pressure surge of significant ampli- 
tude— say, over 25 percent of the operating pressure—the designer should evaluate 
the piping for adequacy of fatigue endurance. The resistance to fatigue varies from 
material to material. For example, PE pipe is quite tolerant; modern materials can 
withstand frequent surging up to one-half of the pipe pressure rating even when 
the pipe is operating at its full rating based on only static pressure considerations. 
In the case of PVC pipe, which is somewhat more sensitive to effects of fatigue, 
the following equation has been proposed? for estimating the maximum total hoop 
stress, due to both static and cyclic pressure, that PVC pipe can safely tolerate as 
a function of the total number of anticipated surge pressure events: 


2 5.05 x 10?! 
s= Z (D1.4) 


where S’ = maximum allowable total hoop stress, psi (no safety factor) (for S’ in 
MPa, multiply by 0.0069) 
C' = total number of cycles 


Resistance to Vacuum and External Pressure 


The performance of flexible pipe with thin walls that is made from materials with 
low modulus of elasticity can sometimes be limited by buckling under vacuum or 
external pressure. A net external pressure can result from external hydrostatic 
loading, from internal negative pressure, from the temporary vacuum that may 
accompany pressure surging, or from a combination of these elements. The buckling 
resistance of plastic pipes may be estimated using the following adaptation of the 
elastic buckling equation for thin tubes: 


pee cus (D1.5) 
eT U=? D3 í 


where P, = critical buckling pressure, psi (MPa) 

E = apparent modulus of elasticity, psi (MPa) (For short-term loading condi- 
tions, use the values of E and v as obtained from short-term tensile 
tests; for long-term loading, appropriate values as determined from 
long-term loading tests should be employed) 

I = pipe wall moment of inertia, in*/in (mm*/mm) 

v — Poisson's ratio (approximately 0.35 to 0.45 for long-term loading) 

D,, = mean diameter, in (mm) = diameter to centroid of pipe wall for profile 
wall pipe 

C = ovality correction factor, (rj/r;)^, where r; is the major radius of curvature 
of the ovalized pipe, and r, is the radius assuming no ovalization 
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For pipe of solid wall construction, for which J = /12, the previous equation 
is usually expressed as follows: 


P. = x T NU m (D1.6) 
eT a ey Dy i 


where t = pipe wall thickness, in (mm) 


According to this equation, pipe made to a constant ratio of diameter to wall 
thickness has the same resistance to hydraulic collapse, independent of pipe di- 
ameter. 

For buried pipe, the stiffening effect of embedment can substantially increase 
the buckling capacity. This is discussed in a later section. 


Temperature Effects 


As the system temperature increases, thermoplastics piping becomes less rigid, 
exhibits higher impact strength, and offers lower short- and long-term strength. 
The opposite effects take place as temperature decreases. The exact effect depends 
not only on material class but its specific composition. For example, there are PEs 
suitable for service at temperatures as high as around 160°F (71°C); whereas other 
PEs might only have sufficient strength through about 120°F (49°C). In the case of 
fittings, wall thickness and product design also influence the effects of temperature 
on strength. 

The best way to determine the effect of temperature on long-term strength is 
through stress-rupture testing. PPI TR-4, “Recommended Hydrostatic Strengths 
and Design Stresses for Thermoplastic Pipe and Fittings Compounds," lists recom- 
mended HDBs for various commercial grade thermoplastics for temperatures up 
to 200°F (93°C). Table D1.13 lists approximate temperature derating factors for 
some of the more commonly used materials. 

Because of its effect on stiffness, increasing temperature also decreases the 
collapse resistance of plastics pipe. As evident from inspection of Eq. (D1.5), this 
effect is in direct proportion to the change in the material's apparent modulus of 
elasticity. This modulus changes with temperature at a rate roughly parallel with 
the strength derating factors given in Table D1.13. 

Other principal effects to be considered in piping design and installation are 
those resulting from thermoplastics' high coefficient of expansion and contraction. 
Some potential consequences to be considered include: 


1. Piping that is installed hot may cool sufficiently after installation to generate 
substantial tensile forces. The final connection should be made after the pipe 
has equilibrated to ambient, or to the desired temperature. 


2. Unrestrained pipe may shrink enough to pull out from elastomeric gasket or 
compression joints. The pipe should be adequately restrained by the use of 
anchors, or the fitting should be designed to either resist pull-out forces or to 
tolerate the maximum anticipated pipe movement. 


3. Piping exposed to cyclic temperature changes may be susceptible to fatigue 
damage at points subject to repetitive bending. 


4. Pipe installed when ambient temperatures are low may buckle if the compression 
forces developed on subsequent pipe expansion are not adequately relieved. 
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TABLE D1.13 Effect of Temperature on Strength and Stiffness of Thermoplastics 
Pipe: Approximate Temperature Derating Factors? 


Temperature PVC 
(°F) PE PEX PB Type 1 CPVC PVDF 
70 1.0 1.0 1.0 1.0 1.0 1.0 
80 0.95 0.95 0.97 0.88 — 0.93 
90 0.90 0.91 0.92 0.75 — 0.87 
100 0.80 0.87 0.86 0.62 0.78 0.82 
110 0.75 0.83 0.82 0.50 — 0.76 
120 0.70 0.79 0.77 0.40 0.65 0.71 
130 0.50 0.76 0.72 0.30 — 0.65 
140 0.40 0.73 0.68 0.22 0.50 0.61 
150 0.20 0.69 0.69 NRO — 0.57 
160 NR 0.66 0.58 NR 0.40 0.54 
180 NR 0.63 0.48 NR 0.25 0.47 
200 NR 0.50 0.40 NR 0.20 0.41 
220 NR NR NR NR NR 0.38 
250 NR NR NR NR NR 0.35 
280 NR NR NR NR NR 0.28 


(1) Check with pipe manufacturer for his recommendations for derating factors for the specific 
composition under consideration. 
(2) NR—Not resistant for continuous service at indicated temperature. 


CONSIDERATIONS FOR ABOVEGROUND USES 


Thermoplastic piping systems in aboveground service must be properly supported 
to avoid excessive stresses and sagging. Valves and other heavy piping components 
should be individually supported. Piping should be located, or protected, to avoid 
mechanical damage. The piping layout should have sufficient flexibility or other 
means of mitigating excessive bending and axial stresses and fatigue effects induced 
by repetitive expansion-contraction. 


Supports and Anchors 


Horizontal runs require the use of hangers that are carefully aligned and are free 
of rough and sharp edges. Many hangers designed for metal pipe are suitable for 
thermoplastic pipe as well. These include the shoe, clamp clevis, sling, and roller 
types. To preclude high localized support pressures, it is generally advisable to 
modify the hangers by increasing the bearing area by inserting a protective sleeve 
of plastic between the pipe and the hanger. 

Vertical lines must also be supported at intervals to reduce loads on the lower 
fittings. This can be accomplished by using riser clamps or double bolt clamps 
located just below a coupling or other fitting to support the pipe. When so located, 
these provide the necessary support without excessive compression of the pipe. 

Anchors are used in thermoplastic piping systems as fixed points from which to 
direct expansion-contraction and other movements in a defined direction. Their 
placement is selected to prevent overloading of the piping, particularly at changes 
of direction where pipe movement could generate excessive bending and axial 
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stresses. Anchors should be placed as close to elbows and tees as possible. Guides 
are used to allow axial motion while preventing transverse movement. Both anchors 
and guides may be used in the control of expansion and contraction of pipelines. 
They should be of a style and be so located as to prevent overstressing of the pipe. 
A flexibility analysis can be used to determine suitable arrangements for anchors 
and guides. 


Support Spacing 


Support spacing requirements are computed using the same beam deflection equa- 
tions used for metal piping. The minimum spacing requirement can result from either 
maximum allowable stress, or maximum allowable pipe deflection considerations for 
the maximum anticipated service temperature. Maximum beam deflection, or sag, 
is frequently the controlling factor. Typical support spacing recommendations are 
presented in Table D1.14. 


Expansion-Contraction 


There are several methods used for controlling or compensating for axial and 
bending stresses caused by thermal expansion. Piping runs may include changes in 
direction which will allow the thermally induced length changes to be taken up 
safely. Where this method is employed, the pipe must be able to float except at 
anchor points. 

When the piping layout does not include sufficient changes in direction, appro- 
priate expansion loops or offsets have to be provided. The size of the loops and 
offsets depend on the design (see Fig. D1.13), and the change in length of pipe 
that has to be accommodated. The dimensions of loops and offsets are calculated 
using the following equation for cantilevered beams loaded at one end”: 


3 0.5 
L= É à d [D4CAZ)]f? (D1.7) 


where L = loop length, in (mm) 
E = modulus of elasticity at the working temperature, psi (MPa) 
S = maximum allowable stress at the working temperature, psi (MPa) 
D, = outside pipe diameter, in (mm) 
AL = change in length due to temperature change, in (mm) 


Assuming a maximum allowable strain of 0.01, as suggested by a plastics industry 
publication,” the above equation reduces to: 


L = 12.2[D,(AL)]°° (D1.8) 


For Eq. (D1.7), the convention is to use the short-term apparent modulus in 
combination with the maximum allowable long-term working stress (often the same 
value is used as the material’s hydrostatic design stress). Since expansion/contraction 
does not occur instantaneously and since the working stress applies to a condition 
of constant load where, unlike this situation, there is no stress reduction due to 
stress relaxation, this combination is conservative. This helps to compensate for 
other factors, such as fatigue effects caused by repetitive expansion-contraction. 
Since for most plastics E and S vary with temperature at approximately the same rate, 


sca 


TABLE D1.14 Typical Recommended Maximum Support Spacing, in Feet, for Thermoplastic Pipe for Continuous Spans and for Uninsulated 
Lines Conveying Fluids of Specific Gravity up to 1.35 


Pipe 
dimension PVC CPVC PVDF PP 


Nominal 
diam., in 60°F  100F 140°F 60°F 100F 140°F 180°F 80°F 100°F  140F 160°F* 60°F  100F 140°F = 180°F 


Wall Schedule 40 


Vo 4% 4 2% 5 4% 4 2% 3% 3% 2 1% 1% 1% 1⁄4 
3A 5 4 2% 52 5 4 2% 4 3% 2% 2 2 1% 1% 
1 5% 4% 2% 6 52 4% 2% 4% 4 2% 2 2 2 1% 
1% 5% 5 3 6 52 5 3 — — — 2⁄2 24 2 2 
1% 6 5 3 6% 6 5 3 4% 4% 2% 2⁄2 22 24 2 
2 6 3 3 615 6 5 3 4% 4% 24 3 24 2% 24 
3 7 6 3% 8 7 6 3% 3% 24 3 2% 
4 TA 6% 4 82 T2 6% 4 4 3, 3% 3 
6 8% T2 4% 9% 82 TA 4% 
8 9 8 4% 


Wall Schedule 80 


Vo 5 4% 2% 5% 5 4% 2% 4% 4% 2% 2 2 2 1% 
v4 5⁄2 4% 2% 6 5% 4% 2% 4% 4% 3 2⁄2 2%, 24 2 
1 6 5 3 6% 6 5 3 5 4% 3 2% 2% 24 2 
1A 3 2% 2% 2% 
1% 6% 5⁄2 3% 7 6% 5⁄2 3% 5% 5 3 3 3 23A 2% 
2 7 6 3% Ty 7 6 3% 5% S 3 3% 3, 3 2% 
3 8 7 4 9 8 7 4 4 4 3% 3% 
4 9 TA 4% 10 9 TA 4% 4% 4% 4 3% 
6 10 9 5 11 10 9 5 
8 11 9% 52 


* Continuous support recommended. 
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FIGURE D1.13 Expansion loops relieve thermal stresses by transforming 
them to bending stresses. The minimum loop strength L is generally deter- 
mined by the maximum allowable bending stress or strain. 


calculations based on ambient temperature values are generally also appropriate for 
a fairly wide operating temperature range. 

Because the fitting restrains the pipe, a separate check should be made with 
the manufacturer regarding the fitting's capacity to absorb expansion-contraction 
stresses and bending moments. 

Expansion joints of bellows and piston designs are available and sometimes 
used. However, piston expansion joints for pressure applications are generally 
expensive. Proper alignment of piston joints is critical to prevent binding. Bellows- 
type joints can accept some lateral movement. 


CONSIDERATIONS FOR BELOWGROUND USES 


Design and installation of thermoplastic pipe for belowground uses recognizes its 
“flexible” conduit behavior. As noted earlier, the word flexible primarily signifies 
that the pipe has the capacity to sustain significant deflection without failure. Al- 
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though this value is somewhat arbitrary, a pipe is often considered flexible if it can 
sustain 2 percent deflection. Conduits that are strong and stiff and that fail at low 
deformations are classified as rigid. Both rigid and flexible piping systems take 
advantage of soil support to minimize internal stresses and must be designed and 
installed to avoid stress concentrations and deformations that could result in exces- 
sive localized stresses. Thus, the installed buried pipe is actually a pipe-soil system, 
with both the pipe and the soil contributing to the structural performance. This is 
an important concept for all types of buried piping systems. 

Designing pipe for buried conditions may be different for pressure pipe and 
nonpressure pipe. The stresses induced by internal pressure are often high relative 
to those in nonpressure pipe, and the stresses in pressure pipe are constant (subject 
to creep), while the strains in nonpressure pipe are constant (subject to relaxation, 
ie., stresses relax with time). In addition, when subjected to internal pressure, 
a pipe rerounds, reducing the deflection and bending stresses that result from 
earth loading? 

Thus, for many pressure pipes, a design that meets the requirements of the 
internal pressure condition can be considered adequate for buried applications, 
provided the pipe is properly installed in good-quality backfill materials. Although 
all designers should satisfy themselves to this through calculation checks, in general, 
if the following conditions are met, a pressure pipe design may be considered 
adequate for burial without checking the capacity for earth and live loads: 


1. Minimum depth of cover of 3 ft (1 m) for live loads up to the magnitude of an 
AASHTO H20 truck. 


2. Maximum depth of burial of 20 ft (6 m). 
3. No unusual concentrated or surcharge loads exist. 


4. Embedment materials are granular, stable, and compacted to at least 85 percent 
of maximum standard Proctor density. 


5. The pipe is uniformly supported on bedding that is firm but not hard. 


6. The pipe is protected from concentrated loads at transitions from soil support 
to structural support, such as fittings, foundation penetrations, and other con- 
nections. 


For nonpressure pipe, and for pressure pipe not meeting the just-noted criteria, 
the following conditions must be met in designing for earth loads: 


1. The pipe should not deflect excessively under earth or live loads. 


2. The pipe should safely resist maximum wall compressive thrust forces due to 
external loads. 


3. The pipe should not buckle in response to anticipated external soil and hydro- 
static loads. 


4. The pipe should safely resist bending stresses that result from deflection. 


Because of the wide variety of pipe wall profiles and material types, not all of 
these criteria will be significant for every type of pipe; for instance, resistance to 
wall compressive thrust forces is important for profile wall pipe, but rarely is signifi- 
cant for solid-wall pipe. 
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Pipe-Soil System Parameters 


The behavior of pipe-soil systems is controlled by two parameters: the hoop stiffness 
parameter Sy; and the bending stiffness parameter Sy. These are both ratios of the 
soil stiffness to the pipe stiffness. An elasticity solution for pipe embedded in an 
infinite elastic media was developed by Burns and Richard? and utilizes these two 
parameters to describe buried pipe behavior. 

The hoop stiffness parameter is defined as: 


Sy = M,/PSy (D1.9) 


where Sy = hoop stiffness parameter 
M, = constrained modulus of soil, psi (MPa) 
PS, = pipe hoop stiffness parameter, psi (MPa) 


The pipe hoop stiffness parameter is defined as 
PSy = EA/R (D1.10) 


where E = pipe material modulus of elasticity, psi (MPa) 
A = pipe wall area per unit length of pipe, in?/in (mm?/mm) 
R = radius to centroid of pipe wall, in (mm) 


The bending stiffness parameter is defined as: 
Sp = M,/PSp (D1.11) 


where S5 = bending stiffness parameter 
M, = constrained modulus of soil, psi (MPa) 
PS; = pipe bending stiffness parameter, psi (MPa) 


The pipe bending stiffness parameter is defined as 


PSp = EI/R? (D1.12) 


where J = pipe wall moment of inertia per unit length, in*/in (mm‘/mm) 


The hoop stiffness parameter represents a ratio of the soil stiffness to the pipe 
extensional stiffness, and the bending stiffness parameter represents the ratio of 
the soil stiffness to the pipe flexural stiffness. In a detailed analysis the Poisson’s 
ratio of the soil and the pipe material are also important; however, since most design 
methods are based on simplified models of behavior, and most pipe installation is 
completed by relatively crude methods, very little accuracy is lost by ignoring this 
parameter. The contribution of each of the hoop and bending stiffness parameters 
to the overall pipe soil system is important and bears discussion. 

The pipe hoop stiffness parameter represents the change in pipe diameter that 
results from a radial pressure applied to the perimeter as shown in Fig. D1.14a. 
This change in diameter results from a reduction in the pipe circumference due to 
the axial compressive stress produced by the loading. The pipe bending stiffness 
parameter represents the change in diameter that results from a concentrated load 
as demonstrated in Fig. D1.14b. This deformation results from flexural stresses 
produced by the concentrated loading. 
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PS, = p/ (AD/D) = EA/r 


AD = prD/EA 


Radial pressure = p 
a. Pipe Hoop Stiffness 
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a zs PS, = F/Ay = EI/(0. 149r) 
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b. Pipe Bending Stiffness (Determined in Parallel Plate Test) 
FIGURE D1.14 Pipe stiffness parameters. 


Soil Stiffness. While many geotechnical design problems are solved based on the 
soil strength, represented by the soil friction angle N, buried pipe problems are 
often addressed using soil stiffness as the governing property. The constrained 
modulus M, represents the stiffness of an elastic material in a one-dimensional 
compression test where no lateral strain is allowed. Thus it is often called the one- 
dimensional modulus. In the one-dimensional compression test, the soil stiffness 
increases with increasing load, as demonstrated in Fig. D1.15 For simplified design 
methods the slope of the secant from the origin of the curve to the stress that 
represents the free field soil stress at the level of the pipe springline is used to 
represent the average soil behavior during backfilling, represented by M, in Fig. 
D1.15. For short-term loads, such as live loading, the instantaneous or tangent 
modulus, represented by M, in Fig. D1.15, would be appropriate. Table D1.15 
presents suggested design values of the constrained modulus" based on triaxial 
compression tests.? The testing was conducted on only three types of soils; however 
Table D1.16 suggests reasonable extensions of the tested soil types to other types 
based on AASHTO and ASTM soil classification systems. The soil stiffness values 
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Vertical 
stressO, 
o, 
M,, = Secant (average) modulus 
for stress range 0 to p,, 
M,;- Tangent (instantaneous) 
modulus at stress p,; 
Rigid ring 


Vertical strain, e, 
FIGURE D1.15 Constrained modulus, M, 


proposed in Table D1.15 show an increase in stiffness with increasing depth of fill, 
which is consistent with known soil behavior. The values also compare well with 
the more traditional but empirical soil stiffness parameter, the modulus of soil 
reaction E,%” which is discussed in the section on predicting deflections. 


Pipe Flexural Stiffness. Flexible conduits need sufficient flexural stiffness to resist 
excessive deformation during handling and installation, as well as to maintain shape 
and structural stability in the final pipe-soil system when subjected to all the loads 
that can occur during pipe installation and over the intended design life. The 
parameter most often used to distinguish between rigid and flexible pipe, and the 
parameter used in many design methods for flexible pipe is flexural stiffness. In 
common practice, the pipe flexural stiffness is expressed in a form which represents 
the pipe resistance to deflection in a parallel plate test. The parallel plate test is a 
common quality control test where a pipe is compressed between two parallel plates 
(Fig. D1.14b). The resistance to deflection is called simply the pipe stiffness: 


PS = F/Ay = PS5/0.149 = EI/(0.149 R°) (D1.13) 


where PS = pipe stiffness, Ib/in/in (KN/m/m) 
F = load on the pipe in the parallel plate test, Ib/in (kN/m) 
Ay = change in vertical diameter under load, F, in (m) 


The parallel plate test is defined in ASTM D2412, “External Loading Properties 
of Plastic Pipe by Parallel Plate Loading." It is most common to determine the 
pipe stiffness at a deflection representing a 5 percent decrease in the vertical diameter 
from the undeformed pipe, but other reference deflection levels are sometimes 
used. Because of the nonlinear material behavior, and the nonlinear geometric 
behavior in the test, the reference deflection level will affect the pipe stiffness 
reported from the test. Minimum short-term pipe stiffness requirements are included 
in most standards for thermoplastic pipe intended for buried applications. Many 
such documents offer more than one series of different standard pipe stiffness 
categories. Categorizing pipes in accordance with pipe stiffness has proven useful 
to designers and installers. This parameter is an important indicator of a flexible 
conduit's deformation response, particularly under service loads. However, antici- 
pated performance comparisons based on the pipe stiffness alone cannot always 
be made for a variety of reasons, including the following: 


* Pipe stiffness is a short-term property, which, because of differences in viscoelastic 
behavior from one material to the next, does not always bear the same relationship 
to a pipe's long-term stiffness. 
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TABLE D1.15 Design Values for Constrained Soil 
Modulus M; 


Soil type and compaction condition 
(See notes 1 and 2) 


Stress level Sn-100 Sn-95 Sn-90 Sn-85 

(psi) (psi) (psi) (psi) (psi) 
2,350 2,000 1,275 470 
3,450 2,600 1,500 520 
4,200 3,000 1,625 570 
5,500 3,450 1,800 650 
7,500 4,251 2,100 825 
9,300 5,000 2,500 1,000 


Stress level Si-95 Si-90 Si-85 
(psi) (psi) (psi) (psi) 
1,415 670 360 


1,670 740 390 
1,770 750 400 
1,880 790 430 
2,090 900 510 
2,300 1,025 600 


Stress level Cl-95 C1-90 Cl-85 
(psi) (psi) (psi) (psi) 
533 255 130 


625 320 175 


690 355 200 


740 395 230 


815 460 285 


895 525 345 


Notes: 

1. The soil types are defined by a two-letter designation that indicates 
general soil classification, Sn for sands and gravels, Si for silts, and Cl 
for clays. Specific soil groups that fall into these categories, based on 
ASTM D 2487 and AASHTO M 145, are listed in Table D1.16. 

2. The numerical suffix to the soil type indicates the compaction level of 
the soil as a percentage of maximum dry density determined in accor- 
dance with AASHTO T-99 (ASTM D698). 

3. 1 MPa = 145 psi. 
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TABLE D1.16 Equivalent ASTM and AASHTO Soil Classifications 


Basic Soil ASTM AASHTO 
Type D 2487 M 145 


Sn SW, SP Al, A3 
(Gravelly sand, SW) GW, GP 


Si GM, SM, ML A-2-4, A-2-5, A4 
(Sandy silt, ML) also GC and SC with less than 
20% passing #200 sieve 


CI CL, MH, GC, SC A-2-6, A-2-7, A5, A6 
(Silty clay, CL) also GC and SC with more than 
20% passing #200 sieve 


Note: The soil classification listed in parentheses is the type that was tested to develop the constrained 
soil modulus values in Table D1.15. The correlations to other soil types are approximate. 


* Service deflections are controlled more by soil stiffness than by pipe flexural 
stiffness, which, among other things, means that quality of installation and nature 
of soil are often more important for controlling ultimate deflection than is pipe 
stiffness. 


* The same pipe stiffness for two pipes does not mean that the pipes have an 
equivalent resistance to deformation by point loading such as can result from 
handling and installation (including compaction). Profile-wall pipe will respond 
differently to point loading than smooth-wall pipe, and even for a solid-wall pipe 
with the same DR, as pipe diameter increases the pipe's relative resistance to 
deformation under point loading also increases. This is because resistance to point 
loading is a result of longitudinal pipe stiffness as well as circumferential pipe 
stiffness. 


To illustrate the last point, consider the example of two pipes, one NPS 6 (DN 
150) and the other NPS 60 (DN 1500), each with a pipe stiffness of 60 Ib/in/in (410 
kN/m/m). A 60-Ib load per in (10.5 kN/m) of pipe length applied to either of these 
two pipes produces the same decrease in vertical diameter, namely NPS 1 (DN 25). 
Clearly, this NPS 1 (DN 25) deformation is much more significant to the NPS 6 
(DN 150) diameter pipe than to the NPS 60 (DN 1500) pipe. In recognition of this, 
certain larger-diameter standards categorize pipe in accordance with a ring stiffness 
constant (RSC). The RSC is defined as the parallel plate load in pounds per foot 
of pipe length, which causes a 1 percent reduction in diameter, when measured at 
3 percent deflection. Essentially the same test, ASTM D 2412, as used to measure 
pipe stiffness, is used to measure RSC. The main difference is the form in which 
the results are expressed. Pipes with equal RSC values will undergo equal percent 
deflection under equal load. RSC is related to pipe properties by the following 
relationship: 


RSC = 644E I4 / D? (D1.14) 


where RSC = ring stiffness constant, Ib/ft/percent (KN/m/percent) 
D = diameter to centroid of pipe wall, in (m) 
I; = pipe wall moment of inertia per unit length, in*/ft (m*/m) 
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The RSC concept is an adaptation of the flexibility factor (FF) which is used by 
the American Association of State Highway and Transportation Officials 
(AASHTO) to classify the handling and installation flexibility of flexible conduits, 
including both thermoplastic and corrugated metal pipe and culvert: 


FF = D?/EI (D1.15) 


m 


where FF = flexibility factor, in/Ib (m/kN) 
D,, = mean diameter of pipe, in (mm) 


The classification of larger-diameter thermoplastic pipe based on the handling 
and installation flexibility concept recognizes that the ultimate deformation of in- 
stalled conduit is greatly influenced by the conduit's response to all the short-term 
loads experienced during handling, placement of bedding, compaction of backfill, 
and other installation operations. This generally means that as pipe diameter in- 
creases, less pipe stiffness (as measured by ASTM D 2412) is required for satisfactory 
handling and installation. However, after selecting a conduit of adequate wall 
stiffness based on handling and installation concerns, the designer still has to check 
for structural adequacy under the anticipated lifetime service loads. 

Thermoplastic pipes and conduit for nonpressure buried applications are avail- 
able in a broad range of wall stiffnesses. As discussed previously, the larger the 
pipe size, generally the lower the pipe stiffness. Up to about NPS 4 (DN 100) pipe, 
stiffness is generally above 50 Ib/in/in (350 kN/m/m) and can be over 200 Ib/in/in 
(1.4 kN/m/m). In the mid sizes, through about NPS 18 (DN 450), pipe stiffness 
ranges from about 30 to 60 Ib/in/in (210 to 410 kN/m/m). Above this size, values 
tend to decrease, down to 8 Ib/in/in (55 kN/m/m) for the largest sizes. 

AASHTO recommends a maximum flexibility factor (FF) of 9.5 x 10^? in/Ib 
(0.054 m/kN) for both PVC and PE. This value was originally established for 
corrugated aluminum conduit. This is equivalent to an RSC of about 65 1b/ft/ 
percent (0.95 kN/m/percent) deflection. RSC's of commercially available larger 
sizes (NPS 18 through 96) (DN 450 through 2500) PE pipes range from 40 to 120 
Ib/ft/percent (0.6 to 1.8 kN/m/percent). 


Pipe Hoop Stiffness. The pipe hoop stiffness has not been given significant consid- 
eration in buried pipe design. Pipes manufactured from more traditional materials 
have very high values for the pipe hoop stiffness and thus, for these materials, the 
parameter does not have a substantial effect on overall pipe behavior. More recently 
it has been demonstrated that some thermoplastic pipes with low cross-sectional 
area and low elastic modulus have much lower values for the pipe hoop stiffness, 
and this can have a significant effect on the pipe performance. 

A high value of the hoop stiffness parameter Sy indicates that the hoop compres- 
sion strain in the pipe can result in significant (1 to 2 percent) shortening of the 
circumference of the pipe. 


Design for Earth Loads 


Under vertical earth loads, buried flexible conduits deflect downward vertically and 
outward horizontally, thereby mobilizing passive lateral soil support for the pipe, 
which in turn precludes significant further downward deflection. Thus the pipe and 
surrounding soil interact and behave as a structural system. In this system, pipe 
deflection is controlled more by soil stiffness than by pipe flexural stiffness, and 
the soil arching characteristics bear great influence on the system's load-carrying 
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capacity. Flexible pipe properly installed in stable soils can resist very substantial 
loads. 

Since the pipe and the soil interact, design and installation of buried flexible 
pipe must always consider both the pipe and the soil around it. If a designer allows 
different pipes in a specification, the suitability of the backfill and installation 
specifications should be evaluated for each type of pipe. 

One of the advantages of flexible pipe is that the quality of installation can 
readily be checked via a deflection test after installation is complete. A particular 
benefit of most thermoplastic pipe is its high strain capacity, which allows it to 
deform considerably and thereby generate further soil support. To take economic 
advantage of this benefit, many of the newer larger-diameter thermoplastic pipes 
are offered with relatively low wall stiffness, which requires that careful attention 
be given to proper design and installation in order to ensure durable and stable 
performance. Since the soil and the pipe must always work together to constitute 
a pipe-soil system, the designer has to consider both when evaluating alternate 
pipe materials. 


Earth Loads on Buried Flexible Pipes. The load acting on a buried pipe consists 
of dead load and surcharge load. The dead load is the permanent load from the 
weight of soil and pavement above the pipe and sometimes, from any surcharge 
loads applied at the ground surface. Surcharge loads may, or may not, be permanent. 
Surface-applied wheel loads are called live loads. 


Soil density ^ 
H | 7 Soil prism load: 
ou Wsp = v D, (H + 0.11D,) 
: o os oe 


( N 
a 


FIGURE D1.16 Soil prism load. 


Earth load is measured as the hoop thrust at the springline of the pipe, and is 
often characterized as a function of the soil prism load, which is the weight of earth 
directly over the pipe (Fig. D1.16). The weight of the soil prism is modified by the 
vertical arching factor (VAF) to represent the effects of pipe-soil interaction. This 
is expressed as: 


Wsp = y Do(H --0.11 Do) (D1.16) 


where W,, = soil prism load, lb/ft (kN/m) 
y = soil unit weight, Ib/f? (KN/n?) 
D, — outside diameter of pipe, ft(m) 
H = depth of fill over top of pipe, ft(m) 
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and 
W, = VAF(W;,) (D1.17) 


where VAF = vertical arching factor 
W, = effective soil load, lb/ft (kN/m) 


Flexible pipe are often designed with a vertical arching factor of 1.0 (for reference 
purposes, rigid pipe installed in embankment conditions are often designed for an 
arching factor of about 1.4). While VAF = 1.0 is considered conservative for flexible 
pipe, recent research” has shown that the VAF can be much lower for some 
thermoplastic pipe with low moduli of elasticity and low cross-sectional area. 

Analysis of the Burns and Richard elasticity solution for buried pipe? indicates 
that the hoop stiffness parameter introduced in the previous subsection, is in fact 
the most important parameter in controlling the load on buried pipe. The Burns 
and Richard solution solves for two conditions at the interface between the buried 
pipe and the soil: (1) full slip—a condition where the interface is frictionless; and 
(2) no slip—a condition where the interface is fully bonded and shear stresses 
develop. The Burns and Richard equations for the buried pipe problem can be 
simplified and expressed in the form of the VAF without significant error as: 


VAF rs = 0.76 — 0.71(Sy — 0.7)/(SH + 1.75) (D1.18) 
where VAF;; = vertical arching factor for the full slip solution 
and 

VAFws = 1.06 — 0.96(Sy — 0.7)/(Sg + 1.75) (D1.19) 
where VAFys = vertical arching factor for the no-slip solution 


The expressions for the VAFs are shown graphically in Fig. D1.17 When comput- 
ing the VAFs for actual installations, the long-term modulus of elasticity can be 
used to compute Sy for long-term loads such as earth load, and the short-term 
modulus of elasticity can be used to compute Sy for short-term loads such as 
vehicle loads. 

If the value of Sy is low, which is the case for most traditional pipe designs, then 
the no-slip VAF is a constant value of about 1.4, which is the traditional design 
value for rigid pipe, and the full-slip VAF is a constant value of about 1.0, which 
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FIGURE D1.17 Burns and Richard VAF and sensitivity to soil stiffness. 
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is the traditional design value for flexible pipe. No research has been completed 
to investigate the actual condition of interface shear for flexible and rigid pipe. 

Also demonstrated in Fig. D1.17 is the sensitivity of the VAF to the soil stiffness. 
The lines labeled “ġ = 0.5" represent a reduction of soil stiffness of 50%, relative 
to the line labeled *$ = 1.0". This indicates that on the steep portion of the curve 
a loss of 50% of the soil stiffness causes a reduction of about 0.2 in the VAF. A 
reduction of soil stiffness of 5096 is often associated with a reduction in density of 
about 596 standard Proctor density. 

While the described analysis has not yet been adopted into any standards, the 
theory of elasticity solution of Burns and Richard? and field research” are consis- 
tent and suggest that the approach could be used for special installations, such 
as unusually deep fills. Alternatively, in 1930 Marston published a solution for 
determining the loads on a buried flexible pipe that is still in use today (ASCE 
Manual of Practice No. 60°"). This solution assumes some of the backfill load is 
carried by the flexible pipe; some is carried by the trench walls; and some by the 
backfill at the sides of the pipe. Thus in narrow trench installations, the load is 
substantially less than the soil prism load. This is consistent with trench load theory 
for rigid pipe. 

Surcharge, as well as traffic, railway, aircraft, and other live loads are generally 
estimated using the same methods and equations employed for other conduits, such 
as presented in ASCE Manual No. 60*! and in AASHTO Specifications. 

When subjected to the calculated hoop compression forces, a pipe must meet 
the following criteria: 


* Wall Thrust. The wall stress due to the hoop compression forces must be less 
than the limiting strength of the material. Little research has been done on the 
limiting strength of the plastics materials that are used for buried pipe, and the 
tension strength is often used as a limiting criteria. AASHTOS? provides suggested 
limiting stresses for this purpose. Short-term strength should be used for evaluating 
short-term load conditions, and long-term strength should be used for evaluating 
long-term load conditions. 

* General Buckling. If the hoop compression forces are sufficiently high, the pipe 


can buckle. This is a function of the pipe flexural stiffness and the soil stiffness. 
The expression most often used to evaluate this condition??? i 


1S: 
N = (1/FS)D,[32R,, B’ E'CEI/D? )? (D1.20) 


m 
where N = allowable wall thrust, Ib/in (kN/m) 
FS = factor of safety, often taken as 2.5 to 3.0 
D,, = mean diameter of pipe, in (m) 
R,, = coefficient for depth of groundwater above top of pipe 


—1—033(H,/H) (D1.21) 


H,, = depth of groundwater above top of pipe (<H), ft(m) 
H = depth of earth cover over top of pipe, ft (m) 
B' — coefficient for uniformity of pipe support 


= 1/1 + e720) [H in ft] (D1.22) 
E' = modulus of soil reaction, psi (MPa) 
E and / are as previously defined. 


Note that the constrained soil modulus M, may be used as a direct substitute for 
the modulus of soil reaction, E'. For trench installations, a method of computing 
a "composite" value of E' that considers the stiffness of both the backfill soil 
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and the native soil in the trench wall is presented in AWWA Manual of Practice 
M45.” This is based on the work of Leonhardt. This buckling theory was 
developed based on buckling of a tube supported at discreet locations by a tube. 
More recently a buckling theory has been proposed based on a continuously 
supported ring, which more accurately reflects the condition of a buried pipe.” 
This theory is now being reviewed in the scientific community. 


* Local Buckling of Profile Pipe Wall Cross Sections. Pipe with corrugated cross 
sections or other profile configurations must be able to carry the hoop compression 
stresses without local buckling of the thin elements. There are no currently avail- 
able criteria for evaluating this condition that have consensus support at this time. 
Successful experience is the best current guide. 


Deflection of Flexible Pipe Under Earth Load. As noted, buried flexible pipes 
deflect (decrease vertical diameter and increase the horizontal diameter) when 
subjected to earth, live, and surcharge loads. The installation conditions must be 
designed to assure that the ultimately achieved deflections are within acceptable 
limits. This will preserve the serviceability of the pipeline and assure that material 
stress or strain limits are not exceeded. Generally, deflection limits for flexible pipe 
are limited to between 7.5 and 10 percent decrease in the vertical diameter. 

One of the better-known relationships, sometimes called the Jowa formula, was 
developed for flexible metal conduits at Iowa State University." A modification 
of this equation is as follows: 


Av = DK Wsp/(EI/R? + 0.061 E^) (D1.23) 


where Av = change in vertical diameter, in (m) 
D, = deflection lag factor to account for time effects (typically taken between 
1 and 1.5) 
K = bedding factor (0.083 to 0.110) 
Wsp = soil prism load, Ib/in (MN/m) 
EI/R? = pipe flexural stiffness, psi (MPa) 
E' = modulus of soil reaction, psi (MPa) 


The deflection lag factor accounts for change in load with time and is typically 
taken at a value of 1 to 1.5. The bedding factor accounts for the width of the 
bedding support and can vary from 0.083 to 0.110. 

The modulus of soil reaction E' is an empirical measure of the stiffness of the 
soil in resisting pipe deflection and must be obtained empirically by back-calculating 
it from measured pipe deflections. The most extensive field study to determine E’ 
was conducted by A. Howard of the U.S. Bureau of Reclamation.” In this study, 
data were collected from 113 field installations on different types of flexible pipe 
buried up to 50 ft (15 m) deep. For this work Howard assumed a prism load, K — 
0.1, and D, = 1.0; and, in the case of plastic pipes he computed the term EIR? 
based on the material's short-term apparent modulus. The resultant back-calculated 
values of E' are tabulated in Table D1.17 in accordance with soil type. This table 
also identifies soils by the classification system of ASTM D 2321, “Standard Practice 
for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity- 
Flow Applications." 

While E’ is not a true soil property that can be evaluated by laboratory tests, 
recent work suggests that the constrained modulus of elasticity, M, (see earlier 
discussion) may be directly substituted for E' in the Iowa formula.? Making this 
substitution and rearranging terms shows that the Iowa formula can also be written 
in terms of the bending stiffness parameter, $5: 


Av = D;K (Wsp /M;)/(Sg + 0.061) (D1.24) 


ya 


TABLE D1.17 Bureau of Reclamation Recommendations for E'C9? 


Backfill type 
(ASTM D2487) 


E' for degr 


ee of compaction of bedding, psi? 


Slight 

<85% Proctor 
<40% relative 
density 


Moderate High 
85-95% Proctor >95% Proctor 
40-70% relative density >70% relative density 


Fine-grained soils (liquid limit > 50) 
CH, MH, CH-MH 


No data availab 


le; consult a competent soils engineer; 
otherwise, use E' = 0 


Fine-grained soils (liquid limit < 50) 
CL, ML, ML-CL, with less than 25% 
coarse-grained particles 


400 


Fine-grained soils (liquid limit < 50) 

CL, ML, ML-CL, with more than 25% 
coarse-grained particles 

Coarse-grained soils with fines, GM, GC, 
SM, SC! with more than 12% fines 


Coarse-grained soils with little or no fines 
GW, GP, SW, SP with less than 1296 fines 


Crushed Rock 


Accuracy in terms of percent deflection? 


! Or any borderline soil beginning with one of these symbols (i.e., GM-GC, GC-SC). 
? For +1% accuracy and predicted deflection of 3%, actual deflection would be between 2% and 4%. 


51 MPa = 145 psi 

Notes: 

A. Values applicable only for fills less than 50 ft (15 m). 
Table does not include any safety factor. 


For use in predicting initial deflections only; appropriate deflection lag factor must be applied for long-term de- 


flections. 


two values. 


Percent Proctor based on laboratory maximum dry density from ASTM D-698. 


B. 
C. 
D. If bedding falls on the borderline between two compaction categories, select lower E' value or average the 
E. 
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This expression of the Iowa formula clearly shows that deflection is controlled 
by the soil stiffness far more than by the pipe stiffness. Designers should understand 
that design of buried pipe installations is actually more a design of the backfill and 
installation procedures than of the pipe. The significance of this is that the installation 
process is critical to proper performance. 

Another significant aspect of Eq. (D1.24) is that the deflection will not go to 
infinity even if the pipe stiffness goes to zero. The apparent implication that pipe 
stiffness is insignificant to controlling deflection and overall pipe performance is 
not correct for two reasons: 


* The pipe stiffness not only contributes to deflection control as predicted in the 
Iowa formula; it also controls the variability of deflection (i.e., the standard 
deviation) which is relatively independent of the average deflection predicted by 
the Iowa formula. NCHRP Report 225? demonstrated this for a wide range of 
pipe stiffnesses. Deflection variability is also a function of the compaction effort 
required to densify a soil. Variability will be reduced with backfill materials that 
densify easily, such as crushed stone and coarse gravel, and increased for soils 
that are moisture sensitive and require increased compaction effort to reach 
adequate density, such as silts and fine sands. 


* If the pipe stiffness is too low, the buckling criterion noted above will control 
the design. 


Various other methods have been proposed for estimating deflection, for example 
by Watkins,” Gaube," and Brown and Lytton.“ Recently, more precise approaches 
to forecasting deflection have been made possible by the application of computer- 
run finite element analysis programs that utilize soil models that incorporate true 
nonlinear soil behavior.” 


Longitudinal Effects. In pressure pipe, changes in direction such as elbows and 
tees-result in longitudinal forces in the pipeline. These can be controlled by the 
use of thrust blocks, which result in minimal longitudinal stresses, or with restrained 
joints, which can develop significant longitudinal forces in the pipe. Most pressure 
pipe has adequate longitudinal capacity for this loading. Buried pipe is not specifi- 
cally designed for longitudinal stresses due to uneven bedding. Uniform support 
due to proper installation is relied upon to avoid this condition. 


INSTALLATION 


Concurrent with the development of structural design methods for thermoplastics, 
installation practices dedicated to these materials have also been developed. Note- 
worthy among these are ASTM D 2774, “Underground Installation of Thermoplas- 
tic Pressure Piping,” ASTM D 2321, “Underground Installation of Thermoplastic 
Pipe for Sewers and Other Gravity-Flow Applications," and ASTM F 1668 “Con- 
struction Procedures for Buried Plastic Pipe." 

A commentary on the installation issues that are critical to the long-term perfor- 
mance of flexible nonpressure plastics pipe has been offered by T. J. McGrath.” 
Howard has published a book devoted to pipe installation issues.” Installation as 
well as design recommendations are also issued by various professional and trade 
associations. A number of these references are identified in the following section. 

A significant development in pipe installation practice is the use of controlled 
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low-strength materials (CLSM, also known as flowable fill) for pipe backfill. CLSM 
is a mixture of sand, cement, fly ash, and water with excellent flow characteristics 
such that vibration is not required to place it around and under a pipe or other 
obstructions in a trench. Strengths are low, sometimes as low as 35 psi (240 kPa) 
at 28 days, in order to assure that the material can be excavated in the event that 
an encased utility requires a repair. In 1997 ASTM held a three-day symposium 
on the subject of CLSM, with many papers devoted to its use around pipes.? One 
benefit of CLSM is that shrinkage is minimal after placement; thus, if used to 
backfill an entire trench the settlement and pavement damage that often occurs 
with soil backfill can be avoided. 

Pipe installation can be difficult if ground conditions are poor, and it is also 
expensive to provide full-time inspection of pipe-laying crews. Therefore, a key 
step in quality control of pipe installations is to check the pipe deflection levels 
after the installation is complete. This should be a standard part of all pipe installa- 
tion specifications. 


SOURCES OF ADDITIONAL INFORMATION 


On New Developments 


The inroads that thermoplastics piping has made in fuel gas distribution, sewer, 
water, agricultural, and highway drainage, and in various industrial uses has gener- 
ated many studies regarding the durability and engineering performance of these 
materials. Topics of particular recent interest relate to the use of these materials 
for larger-diameter applications for which certain limits of performance, such as 
maximum depth of burial, buckling resistance, and compressive wall strength are 
often design limiting. A reader interested in these topics, as well as in the general 
state of the art, should consult the proceedings of the following periodically held 
symposia and conferences: 


Proceedings of International Conferences on Pipeline Design and Installation, 
American Society of Civil Engineers, 345 East 47th Street, New York, NY 10017. 


Proceedings of the Symposium on Buried Plastic Pipe Technology, American 
Society for Testing & Materials, 100 Bar Harbor Drive, West Conshohocken, 
PA 19428. 


Proceedings of the Fuel Gas Plastic Pipe Symposium, American Gas Association, 
1515 Wilson Boulevard, Arlington, VA 22209. 


Proceedings of the National Conference on Flexible Pipes, Center for Geotechni- 
cal and Groundwater Research, Ohio University, Athens, OH 45701. 


Proceedings of the International Conferences on Plastics Pipe, Plastics and Rubber 
Institute, 11 Hobart Place, London, England SW1W OHL. 


Publications Related to Standards 


The following publications contain much information that is useful for all applica- 
tions of plastics piping, particularly with respect to design and installation: 


ASME Guide for Gas Transmission and Distribution Piping Systems. Available 
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from American Society of Mechanical Engineers, United Engineering Center, 
345 East 47th Street, New York, NY 10017, (212) 705-7722. 


AGA Plastic Pipe Manual for Gas Service. Available from American Gas Associ- 
ation, 1515 Wilson Boulevard, Arlington, VA 22209, (703) 841-8454. 


Maintenance of Operation of Gas Systems, November, 1970, Army TM5-654; 
NAVFAC-MO-220; Air Force AFM 91-6. Available from Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


Associations 


Various trade and technical associations issue reports, manuals, and lists of refer- 
ences on properties, design, and installation of plastics piping. A listing of current 
literature offerings may be obtained by contacting these organizations at the follow- 
ing addresses: 


Thermoplastic pipe (industrial gas distribution, sewerage, water, and general uses): 
The Plastics Pipe Institute, 1825 Connecticut Ave., N.W., Suite 680, Washington, 
DC 20009. 


Thermoplastics pipe (plumbing applications): Plastics Pipe & Fittings Associa- 
tion, 800 Roosevelt Road, Building C, Suite 20, Glen Ellyn, IL 60137. 


PVC piping (water distribution, sewerage, and irrigation): Uni-Bell PVC Pipe 
Association, 2655 Villa Creek Drive, Suite 155, Dallas, TX 75234. 


"*No-Dig" methods for the rehabilitation of existing buried pipelines: North Ameri- 
can Society for Trenchless Technology, 435 North Michigan Avenue, Suite 1717 
Chicago, IL 60611. 


Codes 


Thermoplastics piping for plumbing, heating, cooling and ventilating, sewer, water, 
fire protection, gas distribution, and other hazardous materials may be subject to 
the provisions of a code or other regulation. Nearly all plumbing codes allow plastics 
piping for certain applications. The major model building and plumbing codes from 
which most such codes are derived are issued by the following organizations: 


BOCA: National Building Code, BOCA National Mechanical Code, and BOCA 
National Plumbing Code. Building Officials and Code Administrators, Interna- 
tional, Inc., 4051 West Flossmoor Road, Country Club Hills, IL 60478. 


CABO: One and Two Family Dwelling Code. Council of American Building 
Officials, 5203 Leesburg Pike, Falls Church, VA 22041. 


IAPMO: Uniform Plumbing Code. International Association of Building and 
Mechanical Officials, 20001 Walnut Drive South, Walnut, CA 91789-2855. 


ICBO: Uniform Building Code and Uniform Mechanical Code. International 
Conference of Building Officials, 5360 South Workman Mill Road, Whittier, 
CA 90601. 


PHCC: National Standard Plumbing Code. National Association of Plumb- 
ingHeating-Cooling Contractors, P.O. Box 6808, Falls Church, VA 22040. 
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SBCI: SBCCI Southern Building Code, SBCCI Southern Standard Plumbing 
Code, and SBCCI Southern Standard Mechanical Code. Southern Building Code 
Congress International, 900 Montclair Road, Birmingham, AL 35213. 


Plastics piping for other applications may also be covered by other codes, such 
as the following: 


American National Standards Institute 


ANSI B31.3 Chemical Plant and Petroleum Refinery Piping. Thermoplastic Piping 


ANSI B31.8 Gas Transmission and Distribution Piping Systems. ANSI Z223, 
National Fuel Gas Code. 


Department of Transportation, Hazardous Materials Board, Office of Pipeline 
Safety Operations 


Code of Federal Regulations (CFR), Title 49, Part 192. Transportation of Natural 
Gas and Other Gas by Pipeline: Minimum Federal Safety Standards. 


Code of Federal Regulations (CFR), Title 49, Part 195. Transportation of Liquids 
by Pipeline, Minimum Federal Safety Standards. 


The National Fire Protection Association (Quincy, MA) Model Codes 


NFPA 30 Flammable and Combustible Liquids Codes. 

NFPA 54 National Fuel Gas Code. 

NFPA 70 National Electrical Code.* 

NFPA 70A Electrical Code for One and Two Family Dwellings. 

NFPA 34 Outdoor Piping. 

NFPA 13D, Standard for the Installation of Sprinkler Systems in One and Two 
Family Dwellings and Manufactured Homes. 


Some standards and various jurisdictions and authorities require that before a 
pipe may be used for certain applications, it first must be approved for that use by 
a recognized, or specifically designated, organization. Organizations and approval 
programs for plastic pipe include the following: 

For potable water: 

NSF International, NSF Building, Post Office Box 1468, Ann Arbor, MI 48106. 

Canadian Standards Association, 178 Rexdale Boulevard, Rexdale, Ontario, 

Canada, M9W 1R3 

For drain, waste, and vent: 

NSF International and Canadian Standards Association (see above). 


For meat- and food-processing plants: 


U.S. Department of Agriculture, 14th and Independence S.W., Room 0717 South, 
Washington, DC 20250. 


* National Electrical Code is a registered trademark of the National Fire Protection Association, 
Quincy, MA 02269. 
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For fire protection systems, including fire sprinklers: 


Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062. 


Factory Mutual Research Corporation, 1151 Boston-Providence Turnpike, Post 
Office Box 688, Norwood, MA 02062. 


For underground gasoline and petroleum lines: 
Underwriters Laboratories Inc. (see above). 
For water pipe: 


American Water Works Association, Denver, CO. 
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FIBERGLASS PIPING SYSTEMS 


Carl E. Martin 


Fibercast Company 
Sand Springs, Oklahoma 


Fiberglass reinforced plastic (FRP) piping systems have been successfully used for 
over fifty years in applications requiring the corrosion resistance of plastics and the 
strength of metallic systems. FRP piping is readily available in a wide range of 
types, sizes, and wall thicknesses to meet numerous design requirements. The knowl- 
edgeable piping designer can design a successful project by using established stan- 
dards and criteria. This chapter is intended to provide insight into the standards and 
criteria available for both aboveground and underground fiberglass piping systems. 


TYPICAL APPLICATIONS 


Fiberglass piping is used in most industries requiring corrosion-resistant pipe. FRP 
is used in vent and liquid applications which operate from —40° to 300° F (—40° 
to 149*C). Fiberglass piping can be constructed of resin which is resistant to acids, 
caustics or solvents. Abrasion-resistant materials can be added to the FRP piping 
inside diameter liner and outside cover for excellent slurry wear resistance. Fiber- 
glass pipe is readily available in % through 144 inch sizes (DN15 through 3600). 
Table D2.1 is a brief list of the many applications and industries where fiberglass 
pipe has been used successfully. 
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TABLE D2.1 Typical Fiberglass Pipe Applications by Industry 


Applications 


Industry 


Chemical 
process 


Food 
processing 


Marine and 
offshore platforms 


Mining and 
metal refining 


Petrochemical 
and petroleum 


Pharmaceutical 


Power 
plants 


Pulp and 
paper 


Waste water 
treatment 


Aeration lines 


X 


Brine slurry lines 


Chemical feed lines 


Column piping 


Condensate return 


Conduit 


Cooling water lines 


Disposal well systems 


Downhole tubing and casing 


Effluent drain lines 


Fire mains 


Guttering and downspouts 


Oily water 


Scrubber headers 


Seawater lines 


Slurry lines 


Vent lines 


Water lines 


Waste treatment 


Buried gasoline piping! 


1. At gasoline service stations. 
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STANDARDS 


The American Society for Testing and Materials (ASTM), American Petroleum 
Institute (API), British Standard (BS), Deutsche Norm (DIN), and International 
Organization for Standardization (ISO) publish fiberglass pipe and fittings test 
methods (see Table D2.2) and standard product specifications (see Table D2.3). 
The American Society of Mechanical Engineers (ASME) and British Standard 
publish pressure piping codes (see Table D2.4). Quality fiberglass pipe manufactur- 
ers produce products to one or more applicable standards. 


23d 


TABLE D2.2 Fiberglass Pipe and Fittings Standard Test Methods 


ASTM standards 


DIN standards 


ISO standards 


Property tested # Pipe Fittings # Pipe Fittings # Pipe | Fittings 
Beam bending stress & modulus D 790 Yes No ISO 178 Yes No 
modified 
Beam deflection, full bore flow D 2925 Yes No 
Chemical resistance 
Laminates C 581 Yes Yes 53 393 Yes Yes 
Molding compounds D 3615 No Yes 
Pipe, deflected D 3681 Yes No 
Circumferential flexural modulus 
Short-term D 2412 Yes No 53 769-3 Yes No 10466 Yes No 
Long-term creep EN 761 Yes No 7684 Yes No 
Circumferential tensile strength D 2290 Yes No EN 1393 Yes No 
Compressive stress & modulus D 695 Yes No 
Constituents; % resin, glass, aggregate, filler D 2584 Yes No EN 637 Yes Yes 7510 Yes Yes 
Dimensions D 3567 Yes Yes 
Density D 792 Yes Yes 53 479 Yes Yes 
Dielectric strength D 149 Yes Yes 
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TABLE D2.2 Fiberglass Pipe and Fittings Standard Test Methods (Continued) 


ASTM standards 


DIN standards 


ISO standards 


Pipe 


Fittings 


Pipe 


Fittings 


Pipe 


Fittings 


Electrical resistance, DC 


Yes 


Indentation hardness, barchol impressor 


Yes 


Impact resistance 


Joints, pressure & bending as applicable 


Cemented socket & spigot 


EN 1449 


Bolted flanges 


EN 1450 


Socket & spigot with elastomeric seals 


EN 1448 


Pipe stiffness 


Short-term 


Long-term creep 


Pressure, external 


Pressure, internal 


Cyclic 


Hydrostatic design basis 


53 769-2 


Short-time hydraulic failure 


53 758 


Time to failure, constant pressure 


EN 1447 


Regression analysis 


53 768 


EN 705 


Ring-bending strain 
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TABLE D2.2 Fiberglass Pipe and Fittings Standard Test Methods (Continued) 


ASTM standards DIN standards ISO standards 


Property tested Pipe Fittings Pipe Fittings Pipe | Fittings 


Shear strength No Yes 


Specific gravity 


Stiffness factor 


Short-term 53 769-3 


Long-term creep EN 761 


Tensile elongation ultimate EN 1393 


Tensile stress & modulus 


Hoop 


Laminate 


Longitudinal 


Thermal conductivity 


Thermal expansion, linear coefficient 


Between —30? and 30°C 


Other temperatures 


TABLE D2.3 Fiberglass Pipe and Fittings Standard Product Specifications 


Product Description 
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Standard 


Fittings 


Sizes 
NPS (DN) 
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Pressure 
psig (bar) 


Fittings 


Contact molded 


ASTM D 6041 


All 


0-150 (0-10) 


Dimensions, nominal 


ISO 7370 


1-144 (25-3600) 


NA 


Flanges, contact molded 


ASTM D 5421 


1-96 (25-2400) 


25-150 (2-10) 


Flanges other than contact molded 


ASTM D 4024 


All 


50-500 (3-34) 


Gravity flow 


ASTM D 3840 


8-144 (200-3600) 


Gravity 


Line pipe, low pressure 


API 15LR 


1-16 (25-400) 


up to 1000 (68) 


Pressure 


ASTM D 5685 


1-16 (25-400) 


25-1000 (2-68) 


Jet fuel lines, belowground 


ASTM D 5677 


All 


up to 150 (10) 


Joints 


Bell & spigot gasket joints 


ASTM D 4161 


8-144 (200-3600) 


up to 250 (17) 


Marine pipe & fittings 


ASTM F 1173 


1-48 (25-1200) 


All 


Laminates, contact molded 


ASTM C 582 


All 


All 


Pipe 


Casing and tubing 


API 15AR 


1-10 (25-250) 


Centrifugally cast 


ASTM D 2997 


All 


Contact molded 


ASTM C 582 


All 


Dimensions, nominal 


ISO 7370 


1-144 (10-3600) 


NA 


Filament wound 


ASTM D 2996 


1-16 (25-400) 


All 


Line pipe, high pressure 


API 15HR 


1-8 (25-200) 


500-1000 (34-68) 


Line pipe, low pressure 


API 15LR 


1-16 (25-400) 


up to 1000 (68) 


Machine made classification 


ASTM D 2310 


NA 


NA 


Sewer 


ASTM D 3262 


8-144 (200-3600) 


Gravity 


Water 


ASTM D 3517 


8-144 (200-3600) 


up to 250 (17) 


Industrial wastes & corrosive fluids 


ASTM D 3754 


8-144 (200-3600) 


up to 250 (17) 


Process plant piping 


BS 6464 


1-36 (25-1000) 


up to 940 (64) 


Water supply or sewerage piping 


BS 5480 


Water systems 


AWWA C-950 
M45 design manual 


1-144 (25-3600) 


50-250 (3-17) 
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TABLE D2.4 Fiberglass Pipe and Fittings, Other Standards 


Description Standard 


Pressure piping code 


Power piping ASME B31.1 


Process piping ASME B31.3 


British standard, individual plants or sites BS 7159 


Underground installation ASTM D 6041 


ISO TR 10465-1 


Terminology & definitions ASTM F 412 


ISO 8572 


Building services piping ASME B31.9 


RESINS 


The resin used in the manufacture of fiberglass pipe, fittings, and adhesives provides 
for the corrosion resistance of the system. The resin is also used to bond the 
reinforcing glass together. The glass along with the resin in FRP piping provides 
for the physical properties of the composite structure. As with the metals used to 
make pipe, each resin system used in the manufacture of fiberglass pipe has particular 
strengths and weaknesses. 

Custom fiberglass equipment and fiberglass pipe larger than NPS16 (DN 400) 
are generally made from polyester or vinyl ester resins because of the ease of 
handling large quantities of this type of resin. Some small-diameter pipe is made 
from polyester or vinyl ester resins, but most NPS 1 through 16 (DN 25 through 
400) pipe are manufactured from epoxy resin systems which are easier to handle 
in mass-production processes. For special corrosion- or flame-resistant applications 
outside the capabilities of polyester, vinyl ester, or epoxy resins, pipe made from 
furan resins or phenolic resins is available. 


Epoxy Resins 


The chemical resistance and physical properties of an epoxy resin system depend 
upon both components of the system: the basic resin and the curing or cross-linking 
agent. Two general types of epoxy resins are in common usage today: bisphenol- 
A epoxies and epoxy novolacs. The bisphenol epoxies are much more widely used 
because they are more economical and easier to handle during fabrication. The 
epoxy novolacs are employed where increased temperature resistance and/or better 
solvent resistance are required. Both types of epoxies can be cured with a great 
variety of curing agents, and the choice of curing agent has much influence on the 
properties of the final product. The two most common resin systems used in the 
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manufacture of epoxy fiberglass pipe are bisphenol epoxies cured with aromatic 
amines and bisphenol epoxies cured with aromatic anhydrides. 

In the NPS 1- through 16 (DN 25 through 400) range, bisphenol epoxies cured 
with aromatic amines produce pipe with the balance of physical, chemical, and 
economic properties that is needed for most fiberglass piping applications. Pipe 
made from these resin systems has an upper temperature limit of 250°F (121°C) 
and is resistant to salt solutions and rather severe alkaline and solvent exposures. 
Dilute acids are also handled with this type of pipe. If increase solvent resistance 
is required, an epoxy novolac resin system is recommended. 

In the NPS 2- through 16 (DN 50 through 400) range, bisphenol epoxies cured 
with aromatic anhydrides are used to manufacture pipe for use in oil field and 
water handling applications where the chemical resistance of an aromatic amine 
cured epoxy resin is not required. When used within the temperature and chemical 
limits of the resin system, these pipes give excellent service. These pipes have an 
upper temperature limit of approximately 150°F (66°C) and are less chemical resis- 
tant than pipe made from aromatic amine cured epoxy resin systems. Anhydride- 
cured resin systems have no resistance to alkaline solutions and are rapidly attacked 
by water at temperatures above the rated temperature. 

Neither of these epoxy resin systems is resistant to strong mineral acids or 
strong oxidizers. 


Polyester Resins 


The chemical resistance and physical properties of commercially available polyesters 
and vinyl esters—a special class of chemical-resistant polyesters—are uniform for 
a given resin because all of these resins are cured using styrene as the cross-linking 
agent. When one knows of a successful application of particular polyester or vinyl 
ester resin, one need not be concerned about the curing agent. During the manufac- 
ture of fiberglass pipe, an initiator or catalyst is added to the styrene-polyester 
mixture to cause the two components to react and solidify. In almost all chemical 
services the choice of initiator system is of no consequence. However, the choice 
of initiator system has been found to affect the chemical resistance of fiberglass 
pipe in some extremely aggressive chemical services such as hot, wet chlorine, or 
sodium hypochlorite. 

Fiberglass pipe are generally manufactured from any of four types of chemical- 
resistant polyester resins: vinyl esters and isophthalic, chlorendic, and bisphenol- 
A fumarate polyesters. Each particular resin has different chemical, physical, and 
economic properties, and the choice of resin is critical. 


Vinyl Ester Resins. Until the development of vinyl ester resins, it was not practical 
to mass produce small-diameter polyester pipe. Now, however, NPS 1 through 16 
(DN 25-400) pipe manufactured from vinyl ester resins is commercially available 
from several manufacturers. Pipe made from these resins has good physical strength 
and, in general, better impact strength than other chemical-resistant polyesters. 
These resins have excellent resistance to oxidizers and strong mineral acids and 
good resistance to alkaline environments. Standard vinyl esters are limited to 200° 
to 225°F (93 to 107°C) in most applications, while more costly high-performance 
vinyl esters are suitable for general use up to 250°F (121°C), and in some special 
applications have been used in temperatures as high as 350°F (177°C). 


Bisphenol-A Fumarate Polyester Resins. The bisphenol-A fumarate polyester is 
the original high-volume, commercially available, chemical-resistant polyester resin. 


D.88 NONMETALLIC PIPING 


This type of resin has been produced for over 35 years and, until the advent of 
vinyl ester resins, was the resin most widely used in the manufacture of chemical- 
resistant fiberglass products. The chemical resistance of this type of resin is roughly 
equivalent to that of vinyl ester resins at temperatures up to 250°F (121°C), but 
bisphenol-A fumarate resins are more rigid than vinyl esters, and this makes them 
unsuitable for the manufacture of small-diameter pipe on mass-production equip- 
ment. The rigidity of this resin is the major reason for its displacement by vinyl 
esters from its former position as the most widely used chemical-resistant resin. In 
large-diameter pipe and large reaction vessels, resin rigidity is not a disadvantage, 
and this resin is still used in the manufacture of this type equipment, especially when 
itis to be used in services where this resin has proven successful in past applications. 


Chlorendic Polyester Resins. The chlorendic polyester resins have a chlorinated 
backbone in their molecular structure which makes them particularly well-suited for 
elevated-temperature applications, up to 350°F (177°C). In most resin classifications 
there is an increase in rigidity when chemical structure changes are made to give 
increased temperature performance to the resin. Chlorendic resins follow this gen- 
eral rule and are more rigid than bisphenol-A fumarate resins. The molecular 
structure of chlorendic resins gives them excellent resistance to concentrated mineral 
acid and highly oxidizing environments, but poor resistance to alkaline solutions. 
The solvent resistance of these resins is very good when compared to other poly- 
esters. 


Isophthalic Polyester Resins. The isophthalic polyesters are the least expensive 
and least chemical resistant of the corrosion-resistant polyester resins. For service 
temperatures up to 180°F (82°C), these resins generally have good resistance to 
water, dilute acids, and very weak alkaline solutions, and good resistance to petro- 
leum solvents such as gasoline and oil. There are many grades of isophthalic polyes- 
ter resins. It is important to choose an isophthalic polyester which is compatible 
with the service being handled. 


Other Resins 


Furan resins are difficult to work with, and this presently limits their application 
to systems which require the unique blend of superior acid, alkali, and solvent 
resistance at temperatures up to 300°F (149°C) offered by these resins. However, 
furan resins are not suitable for handing oxidizing services. 

Phenolic resins also require special processing techniques which limit their eco- 
nomical application to systems that require superior acid and solvent resistance at 
temperatures to 300°F (149°C). Phenolic resins are often used in flame-resistant 
duct applications. 


MANUFACTURING PROCESSES 


Hand Layup 


Hand layup or contact molding is the simplest method used to make fiberglass pipe 
and fittings. The part is made over a male mold which forms the inside diameter 
of the piping component. Glass veil or synthetic nexus is saturated with resin, then 
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applied to the mold, creating a 10 to 20 mil (0.25 to 0.50 mm) thick resin-rich inner 
surface for the part. This inner liner contains about 90 percent resin and is very 
corrosion resistant and somewhat abrasion resistant. Most hand layup pipes and 
fittings have from 50 to 250 mil (1.3 to 6.4 mm) thick corrosion barriers. The 
corrosion barrier is created by saturating fiberglass mat with resin and then applying 
it over the resin-rich inner surface. The mat layers contain about 60 percent resin. 
The corrosion barrier or liner thickness is the total thickness of the veil, nexus, 
and mat layers. The structural strength of the piping component is created in the 
reinforced wall of the part. The reinforcement is created by saturating mat or 
alternating layers of mat and woven roving with resin and applying to the outer 
surfaces of the corrosion barrier. The number of layers and type of reinforcing 
glass used depends on the strength requirements for the part. A corrosion barrier 
can be applied to the outer surface of the part for applications requiring corrosion 
or abrasion-resistance on the outside diameter. 

Hand layup pipe and fittings are typically used in severe or critical applications. 
As the name implies, hand layup parts are made using manual operations and are 
usually more expensive than machine-made fiberglass parts. Hand layup parts used 
for severe and critical applications are also made with up to 10:1 safety factors, 
which also adds to cost. Hand layup piping is usually provided with plain ends and 
is joined using butt and wrap joints. 


Filament Winding 


Filament-wound fiberglass pipe and fittings are machine-made products made on 
a rotating male mold. The mold forms the inside diameter of the part. Filament- 
wound parts are made with or without resin-rich interior corrosion barriers. Corro- 
sion barriers are made the same as with the hand layup process but may be applied 
by hand or by the machine. The reinforced wall for filament-wound pipe and fittings 
is made by drawing glass roving through a resin bath or with a resin-impregnated 
tape. The resin-saturated roving or tape is placed on the outside of the corrosion 
barrier by a fiber placement head (see Figure D2.1a). The fiber placement head 
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FIGURE D2.la The filament winding process. 
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FIGURE D2.1b Continuous filament winding process. 


travels in relation to the rotating mold to properly position the reinforcement on 
the part. The roving or tape-on filament-wound pipe is usually placed on the part 
at a helical angle. This angle is normally optimized for maximum internal pressure 
ratings but may be changed for improved pipe stiffness, axial strength, or unsup- 
ported span spacing. The number of layers of reinforcement used on filament 
wound parts is determined by the strength requirements for the part. A barrier can 
be added to the exterior of filament-wound products for corrosion or abrasion pro- 
tection. 

Another manufacturing process, known as the continuous filament winding pro- 
cess, is used for some fiberglass piping products. The advantages of this process 
are that the pipe is produced continuously and glass angles can be changed to 
optimize strength (see Fig. D2.1b). The longitudinal glass heads rotate around the 
tube passing through the center, which is also rotating. Changing one or both speeds 
of rotation and the rate at which the tube is travelling will change the angle at which 
the glass is applied. Typically, the goal is to apply the glass nearly longitudinally as 
this best utilizes the high tensile strength of the glass. The circumferential glass is 
applied at fixed stations with an application angle of approximately 87°. Glass 
applied circumferentially will optimize the hoop strength of the pipe as, again, the 
high tensile strength of the glass is best utilized. The number of longitudinal and 
circumferential layers can be changed as well to produce a product which has high 
hoop strength, with more circumferential layers, or longitudinal strength, with more 
longitudinal layers. 

Filament-wound pipe and fittings are used in a broad range of applications. 
Filament-wound pipe is available with thin walls suitable for light duty applications 
through very heavy walls suitable for severe or critical applications. The installed 
cost of filament-wound pipe and fittings can be competitively priced against many 
metallic and thermoplastic piping systems required in difficult piping applications. 
Filament-wound pipe and fittings are available with the complete range of join- 
ing methods. 
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FIGURE D2.2 The centrifugal casting process. 


Centrifugal Casting 


Centrifugal casting is used to make both glass-fiber-reinforced thermosetting resin 
pipe and glass-fiber-reinforced plastic mortar pipe. Centrifugal casting is not used 
to make fiberglass fittings. In the centrifugal casting process the pipe is made inside 
a steel mold tube which can be rotated at high speeds, creating significant centrifugal 
force (see Fig. D2.2), Glass-fiber-reinforced thermosetting resin pipe is made by 
first positioning fiberglass fabrics in the mold tube. The mold is then rotated while 
a controlled amount of resin is injected into the tube. The very high centrifugal 
forces of the spinning tube drive the resin through the glass fibers and displace any 
air in the fibers. Excess resin is injected into the tube which forms a pure resin 
corrosion and abrasion barrier on the pipe inside diameter. The mold is heated, 
which aids in the cure of the pipe. A corrosion barrier can be added to the outer 
surface of the pipe if required for the application. 

Centrifugal cast glass-fiber-reinforced thermosetting resin pipe is used in a broad 
range of applications. It is available with medium walls suitable for moderate 
applications to heavy walls suitable for severe or critical applications. The installed 
cost of centrifugal cast pipe can be competitively priced against many metallic and 
thermosetting piping systems required in difficult piping applications. Centrifugally 
cast glass-fiber-reinforced thermosetting resin pipe is typically joined with straight 
socket adhesive, flanged, butt and wrap, threaded, or mechanical joints. 

Centrifugal cast glass-fiber-reinforced plastic mortar pipe is made by dispensing 
a silica and resin mortar mix into a rotating mold tube. The mortar mix creates the 
reinforced wall of the pipe. The corrosion liner is created by dispensing a mixture 
of chopped glass and resin into the inside diameter of the resin mortar mix. 

Centrifugal cast glass fiber reinforced plastic mortar pipe is used mainly in buried 
applications but can be used above grade. Mortar pipe has excellent hoop and axial 
compressive strength, which makes it ideal for tunneling applications. Centrifugal 
cast glass-fiber-reinforced plastic mortar pipe is typically joined with mechanical 
joints. Flanged and butt and wrap joints are also available. 


Press Molded 


Press molding is used to make fittings but not pipe. In this process a mixture of 
resin, chopped glass, and fillers, called premix, is placed in matched metal mold. 
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The mold is usually closed by a hydraulic press which forces the premix to take 
the shape of the mold. The mold is heated to accelerate the cure of the part. 

Since press molding of fittings is highly automated, press-molded fittings are 
usually lower in cost than fittings made by other methods. Press-molded fittings 
can be very corrosion-resistant but typically have heavy walls to achieve desired 
physical strength. Press-molded fittings are available with bell and spigot, straight 
socket, and flanged joints. 


Resin Transfer Molding 


Resin transfer molding is used to make fiberglass fittings only. Resin transfer molded 
fittings are made by placing glass, veil, and nexus into a mold. After the mold is 
closed, resin is injected into the mold and cured. Resin transfer molding applications 
include the outer shell for double contained fiberglass piping systems. 


Mitered 
Special, low-volume, and large-diameter fiberglass fittings are often made from 


mitered pipe. The mitered pipe is joined with a butt and wrap joint to form the 
fitting. Mitered fittings are typically provided with plain ends for butt and wrap joints. 


JOINING SYSTEMS 


Fiberglass piping is available with a wide range of joining systems to fit the particular 
application. Available are bell and spigot joints, straight-socket joints, flanged joints, 
butt wrap joints (also known as butt and strap joints), O-ring joints, bell and spigot 
joints, threaded joints, and mechanical joints. See Fig. D2.3. 


Bell and Spigot Joint 


Tapered bell and spigot joints are available in all sizes of fiberglass piping. They 
include a matched taper for an interference fit which gives a very high strength, 
thin glue line. The joints are adhesively bonded, usually with a two-part adhesive 
which is supplied by the piping manufacturer. Tapered bell and spigot joints are 
used in both low- and high-pressure applications. These joints are typically stronger 
in pressure and axial tensile capability than the pipe being joined. Bell and spigot 
joints do require field tapering of joints which are used in less than full length. 
Specialized field tapering tools are available from the pipe manufacturers. A special 
type of threaded and bonded tapered bell and spigot joint is also available. The 
threads in the tapered interference joint are used to hold the joint together during 
the cure time. This type of joint is claimed to be highly reliable. 


Straight-Socket Adhesive Joints 


Straight-socket adhesive joints are available (in sizes from NPS 1 through 16 (DN 
25 through 400). Some manufacturers limit these joints to NPS 14 (DN 350). The 
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Straight Socket 
Adhesive Joint 


Butt and Wrap Joint 
Used With Plain End Pipe 


"O" Ring Bell & Spigot 
Mechanical Joint 


FIGURE D2.3 Fiberglass pipe joining systems. 
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socket in the fitting is essentially straight but may include a slight taper for 
centering purposes. This type of joint is adhesively bonded. A land in the bottom 
of each fitting used in this type of piping system ensures accurate laying lengths 
and close-tolerance piping. Adhesively bonded straight-socket joints are typically 
stronger in pressure and axial tensile capabilities than the fittings in the piping 
system. 


Flanged Joint 


Flanged joints are available in all fiberglass pipe sizes. The flanges are available 
with industry standard bolt patterns such as ANSI, DIN, ISO, or JSI bolt patterns. 
Flanges are typically used to connect to other piping systems and equipment or for 
piping systems which must be opened for inspection or cleaning. Fiberglass flanges 
are also available in vanstone style. 


Butt and Wrap Joint 


Butt and wrap joints are available in all sizes of fiberglass piping. Butt and wrap 
joints are used almost exclusively in hand lay-up piping systems or in filament- 
wound piping systems larger than NPS 14 (DN 350) or NPS 16 (DN 400), depending 
upon manufacturer. A butt and wrap joint is used to join two pieces of plain-end 
pipe or a pipe and fitting. The joint is made by first placing a corrosion barrier, 
similar to the corrosion barrier used in the pipe and fittings, on the interior or 
exterior of the pipe. After the corrosion barrier is formed, the mechanical strength 
of the system is ensured by using saturated reinforcement which is laid up out of 
mat and woven roving. 


O-Ring Bell and Spigot Joint 


O-ring bell and spigot joints are available in NPS 14 (DN 350) and larger sizes of 
filament-wound pipe and all sizes of polymer concrete pipe. O-ring and bell and 
spigot joints do require restraining the pipe from axial loads, therefore, it is used 
mostly for buried pipe. O-ring bell and spigot joints are quick and easy to install, 
but there is a limited availability of fittings in this style of joint. 


Threaded Joint 


Threaded joints are available in API eight round and ten round EUE (External 
Upset) and NPT (Nominal Pipe Taper) threads. The EUE threads are available in 
1% through 7 in nominal sizes and are mainly used for high-pressure line pipe and 
downhole tubing. The 8 round and 10 round threads conform to API standard B. 
Fittings are available with the EUE threads for couplings, flanges, elbows, tees, 
crosses, plugs, and adapters only. NPT threads are typically available in NPS 1 to 
6 (DN 25 to 150) sizes. Pressure is limited to 450 psi (3105 kPa) depending on the 
pipe size. Threaded adaptors for NPT threads are readily available. There are also 
special coarse threads available on some fiberglass piping systems for quick 
makeup. 
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Mechanical Joint 


Mechanical joints using O-rings for sealing purposes are available in NPS 2 (DN 
50) through NPS 36 (DN 900). One type of mechanical joint uses a retainer pin 
made of either metal cable or thermoplastic rod to retain the axial loads. Also 
available are mechanical joints which use coarse threads to retain the axial loads. 
The mechanical joint with threads is fully reusable. 


RESISTANT PROPERTIES 


Chemical Resistance 


The chemical resistance and life expectancy of fiberglass piping systems is dependent 
on many factors including type of resin, curing agent, liner material, liner thickness, 
fillers, and cure profiles. When assessing the suitability of a system, the chemical 
resistance of the pipe, fittings, and joining materials must be considered. With all 
of the above variables to consider, the piping manufacturer should be contacted 
for recommendations for specific applications. The piping manufacturer will need 
to have the following information for their evaluation. 


* Chemicals and concentrations 
* Temperatures, operating and upset 


* Frequency of use 


Other factors which may determine suitability for use: 
Spills or upsets 

Low or static flow in dilute solvent lines 

Mixing of chemicals which may react in the line 
Steam cleaning 


Abrasives 


Table D2.5 is provided as a preliminary guideline only. The temperature rat- 
ings range shown is compiled from published information from several manufac- 
turers. 


Abrasion Resistance 


Fiberglass piping systems with typical corrosion barriers are somewhat abrasion 
resistant. They can typically handle slurries with particle sizes less than 100 mesh 
(150 micron) at fluid velocity below 6 ft/sec (1.8 meter/sec). The abrasion resistance 
can be improved by adding fillers such as fine silica, silicon carbide, or ceramic to 
the piping's interior or exterior barriers. Table D2.6 shows the ability of different 
resins and abrasion-resistant additives to resist surface wear. (The lower the wear 
index, the better is the resistance to wear.) Wear resistance of fiberglass fittings 
can be improved by using long-radius fittings. 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 


Service/Fluid Epoxy | Vinylester | Novolac VE | Furan | Isophthalic 
Acetic acid ?F 75-100 100—210 150-215 225 170 
°C 24-93 38-99 66-102 107 TI 
Acetone ?F 75-180 125-150 100—200 AMB NR 
uo 24-82 52-66 38-93 AMB NR 
Acrylic acid °F 100-120 75-100 100—100 NT NR 
°C 38-49 24-38 38-38 NT NR 
Adipic acid ?F 225-250 75-200 100-210 NT NL 
"C 107-121 24—93 38-99 NT NL 
Air °F 210-300 200—360 225-450 NL NL 
°C 99-149 93-182 107-232 NL NL 
Alcohol-ethyl ?F 120-180 75-150 80-150 NT NL 
"C 49-82 24-66 27-66 NT NL 
Alcohol, isopropyl °F 100—180 80-150 100-150 NT NL 
°C 38-82 27-66 38-66 NT NL 
Alcohol-methyl ?F 75-150 100-150 100-150 NT NL 
°C 24-66 38-66 38-66 NT NL 
Alcohol-methyl isobutyl "E 100—150 100-150 120-150 NT NL 
°C 38-66 38-66 49-66 NT NL 
Alcohol, secondary butyl °F 100-175 120-150 120-150 NT NL 
°C 38-79 49-66 49-66 NT NL 
Allyl chloride °F 75-120 80 75-80 NL NR 
°C 24-49 27 24-27 NL NR 
Aluminum chloride °F 150-300 180—210 210-250 250 170 
Re 66-149 82-99 99-121 121 77 
Aluminum fluoride °F 75-150 70-85 70-85 225 NR 
"C 24—66 21-29 21-29 107 NR 
Aluminum hydroxide °F 150-200 80-180 175-180 225 NL 
°C 66-93 27-82 79-82 107 NL 
Aluminum nitrate ?F 150-250 125-200 160—225 NT 140 
°C 66-121 52-93 71-107 NT 60 
Aluminum sulfate °F 210-300 160-210 210-250 250 170 
°C 99-149 71-99 99-121 121 77 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 


(Continued) 


Service/Fluid 


Epoxy 


Vinyl ester 


Novolac VE 


Isophthalic 


Alums 


225-300 


210 


210-250 


170 


07-149 


99 


99-121 


TI 


Ammonia gas, dry 


50-225 


100 


NL 


66-107 


NL 


Ammonia gas, wet 


25-150 


100 


NR 


52-66 


38 


NR 


Ammonium carbonate 


50-250 


75-150 


80 


66-96 


24-66 


27 


Ammonium chloride 


50-270 


180—210 


210—224 


66-132 


82-99 


99-107 


Ammonium fluoride 


75-150 


85-150 


150 


24-66 


29-66 


66 


Ammonium hydroxide 


100-200 


100-180 


100-150 


38-93 


38-82 


38-66 


Ammonium nitrate 


200-250 


150-200 


200-250 


93-121 


66-93 


93-121 


Ammonium persulfate 


100-250 


170 


180 


38-121 


TI: 


82 


Ammonium phosphate 


150-200 


75-200 


66-93 


24-93 


99 


Ammonium sulfate 


200-300 


120-210 


210-250 


93-149 


49-99 


99-121 


Amyl acetate 


75-120 


NL 


80-120 


24-49 


NL 


27-49 


Amyl chloride 


100 


120 


120 


38 


49 


49 


Aniline 


100-120 


70 


24-38 


38-49 


21 


Antimony chloride 


NR 


200-210 


NR 


NR 


93-99 


NR 


Antimony trichloride 


150-220 


NR 


200—200 


66-104 


NR 


93-93 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Barium carbonate 200-250 180-210 210-250 80 


93-121 82-99 99-121 27 


Barium chloride 210-250 180-210 210 


99-121 82-99 99 


Barium hydroxide 180-220 100-200 150-200 


82-104 38-93 66-93 


Barium sulfate 210-250 200-210 210-250 


99-121 93-99 99-121 


Barium sulfide 210-300 150-200 180-215 


99—149 66-93 82-102 


200-225 90-200 120-200 


93-107 32-93 49-93 


Benzene 00-150 75 100 


38-66 24 38 


Benzene sulfonic acid 00-220 125-200 125-215 


38-104 52-93 52-102 


Benzoic acid 00-220 150-210 210 


38-104 66-99 99 


Black liquor (pulp mill) 00-225 150-180 180—225 


38-107 66-82 82-107 


225-250 200-210 210 


107-121 93-99 99 


Boric acid 200-225 180-210 200—210 


93-107 82-99 


Bromic acid 150 NL 


66 NL 


Bromine water 100-150 100 100—190 


38-66 38 38-88 


Butadiene, gas 100—150 100 100 


38-66 38 38 


Butane, gas 75-150 100 


24-66 38 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 


(Continued) 


Service/Fluid 


Vinyl ester 


Novolac VE 


Isophthalic 


Butyl acetate 


NL 


80 


NR 


NL 


27 


NR 


Butyl cellosolve 


100 


NR 


66 


38 


38 


NR 


Butyric acid 


150-200 


80-210 


120-210 


80 


66-93 


27-99 


49-99 


27 


Calcium bisulfite 


200-270 


180-200 


180 180 180 


140 


93-132 


82-93 


82 82 82 


60 


Calcium carbonate 


150-300 


100-200 


180—200 


160 


66-149 


38-93 


82-93 


71 


Calcium chlorate 


150-200 


100—210 


210-250 


150 


66-93 


38-99 


99-121 


66 


Calcium chloride 


210-300 


200-210 


215-250 


170 


99-149 


93-99 


102-121 


TI 


Calcium hydroxide 


150-200 


100-180 


150-210 


NL 


66-93 


38-82 


66-99 


NL 


Calcium hypochlorite 


100-150 


100-200 


150-180 


NR 


38-66 


38-93 


66-82 


NR 


Calcium nitrate 


150-250 


125-210 


210-215 


66-121 


52-99 


99-102 


Calcium sulfate 


200-250 


200-210 


210-250 


93-121 


93-99 


99-121 


Carbon dioxide gas 


225-250 


200-210 


200-350 


107-121 


93-99 


93-177 


Carbon tetrachloride 


100-150 


90-180 


125-200 


38-66 


32-82 


52-93 


Carbonic acid 


150-180 


175 


NL 


66-82 


79 


NL 


Castor oil 


200-225 


150 


160-210 


93-107 


66 


71-99 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Vinyl ester | Novolac VE Isophthalic 


Chlorine dioxide gas 80-200 180-210 NR 


27-93 82-99 NR 


Chlorine gas 3 200-210 210-250 is NR 


93-99 99-121 NR 


Chloroacetic acid 100-200 75-200 100-135 NR 


38-93 24-93 38-57 NR 


Chromic acid 75-150 80-200 90-150 NL 


24-66 27-93 32-66 NL 


Chromic fluoride 75 75 NL 


24 24 NL 


Citric acid 200-210 210-215 


93-99 99-102 


Copper chloride 150-210 210-250 


66-99 99-121 


Copper fluoride 175-200 175-210 


79-93 79-99 


Copper nitrate 3 100-210 210-215 


38-99 99-102 


Copper sulfate » 150-210 210-250 


66-99 99-121 


Crude oil 200-210 210-250 


93-99 99-121 


Deionized water 180 180-210 


82 82-99 


Dichlorobenzene (ortho) 100—150 NL 120 


38-66 NL 49 


Diesel fuel 210-250 150-180 190-225 


99-121 66-82 88-107 


Ethyl acetate 75-150 NL 70 


24-66 NL 21 


Ethyl cellosolve 100—150 NL NR 


38-66 NL NR 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Ethyl chloride 75-80 NL 80 NR 


24-27 NL 27 NR 


Ethylene glycol 200-270 200-210 210—225 170 


93-132 93-99 99-107 TI 


Fatty acids 200-225 200-210 210-250 170 


93-107 93-99 99-121 77 


Ferric chloride 150-300 150-210 210-225 170 


66-149 66-99 99-107 77 


Ferric nitrate 150-250 150-200 210-215 170 


66-121 66-93 99-102 TI 


Ferric sulfate 200—225 200-210 210-215 


93-107 93-99 99-102 


Ferrous chloride 175-250 165-210 210-225 


79-121 74-99 99-107 


Ferrous sulfate 200-225 200—210 210-215 


93-107 93-99 99-102 


Fluorine gas 75-80 75-80 


24-27 24-27 


Fluoboric acid 180-210 190-210 


82-99 88-99 


Fluosilicic acid 100-200 80-200 80-210 


38-93 27-93 27-99 


Formaldehyde 75-150 75-150 75-260 


24-66 24-66 24-127 


Formic acid 100-140 75-180 100-180 


38-60 24-82 38-82 


75-150 75-80 75-100 


24-66 24-27 24-38 


Gas, natural 200—225 180-200 200-210 


93-107 82-93 93-99 


Gasoline 150-225 100-180 100-180 


66-107 38-82 38-82 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Glucose 200-250 200-210 210-250 110 


93-121 93-99 99-121 43 


Glycerine 210-300 200-210 210 


99-149 93-99 99 


Glycol ethylene 200 200 


93 93 99 


Heptane 150-200 150-210 200—210 


66-93 66-99 93-99 


75-150 100—160 150-160 


24-66 38-71 66-71 


Hexylene glycol alcohol 150 150 150 


66 66 66 


Hydraulic fluid 200-225 100-180 180-195 


93-107 38-82 82-91 


Hydrobromic acid 100-150 100-180 100—180 


38-66 38-82 38-82 


Hydrochloric acid 75-200 75-200 165-230 


24-93 24-93 74-110 


Hydrocyanic acid 120 150-210 210 


66-99 99 


Hydrofluoric acid 100-150 100-150 


38-66 38-66 


Hydrogen peroxide 100- 75-150 


24-66 


Hydrogen sulfide 175-210 


66-82 79-99 


Hypochlorous acid 150-180 135-180 


66-82 57-82 


Jet fuel 120-180 180 


49-82 82 


Kerosene 150-200 175-180 


66-93 79-82 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 


(Continued) 


Service/Fluid 


Epoxy 


Vinyl ester 


Novolac VE 


Isophthalic 


Lactic acid 


200-225 


125-210 


210-215 


130 


93-107 


52-99 


99-102 


54 


Lauric acid 


200-225 


125-200 


175-215 


NL 


93-107 


52-93 


79-102 


NL 


Lead acetate 


150-250 


150-210 


210—230 


66-121 


66-99 


99-110 


Levulinic acid 


200-250 


200-210 


215-230 


93-121 


93-99 


102-110 


Magnesium carbonate 


150-250 


150-200 


180-200 


66-121 


66-93 


82-93 


Magnesium chloride 


210-270 


200-210 


225-250 


99-132 


93-99 


107-121 


Magnesium hydroxide 


120-270 


125-200 


210-215 


49-132 


52-93 


99-102 


Magnesium nitrate 


210-300 


200-210 


210-225 


99-149 


93-99 


99-107 


Magnesium sulfate 


150-270 


200-210 


210-250 


66-132 


93-99 


99-121 


Maleic acid 


150-220 


200-210 


200-250 


66-104 


93-99 


93-121 


Mercury 


225-270 


200-210 


210-250 


107-132 


93-99 


99-121 


Methyl ethyl ketone 


75-150 


NL 


75-125 


24-66 


NL 


24-52 


Methyl isobutyl carbitol 


100-120 


NL 


NL 


38-49 


NL 


NL 


Methyl isobutyl ketone 


100-150 


NL 


NL 


38-66 


NL 


NL 


Mineral oil 


210-270 


120 


NL 


99-132 


49 


NL 


Monochlorobenzene 


100-150 


NL 


NL 


38-66 


NL 


NL 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Naphtha 200-250 125-180 120-210 110 


93-121 52-82 49-99 43 


Naphthalene 150-200 100-210 130 


66-93 38-99 54 


Nickel chloride 210-300 200-210 


99-149 93-99 


Nickel nitrate 200-250 200-210 


93-121 93-99 


Nitric acid 75-120 75-200 


24—49 24-93 


Oleic acid 200-225 100-210 


93-107 38-99 


Oxalic acid 150-250 120-200 120-215 


66-121 49-93 49-102 


Perchloric acid 75 75-150 75-150 


24 24-66 24-66 


Phenol 75-150 100-150 75-150 


24-66 38-66 24-66 


Phosphoric acid 75-225 100—210 210-225 


24-107 38-99 99-107 


Phosphoric pentoxide 100—200 210 


38-93 99 


Picric acid 75-100 100-205 


24-38 38-96 


Potassium bicarbonate 150-270 100-180 100-180 


66-132 38-82 38-82 


Potassium bromide 200-225 100-200 120-215 


93-107 38-93 49-102 


Potassium carbonate 100-250 110-180 120-180 


38-121 43-82 49-82 


Potassium chloride 210-300 200-210 210-215 


99-149 93-99 99-102 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Potassium dichromate 200-250 200-210 210 170 


93-121 93-99 99 77 


Potassium hydroxide 100—200 100-180 150-180 NR 


38-93 38-82 66-82 NR 


Potassium nitrate 200-300 200-210 210-215 


93-149 93-99 99-102 


Potassium sulfate 210-270 180-210 210-215 


99-132 82-99 99-102 


Propane 75-150 100—200 200 


24-66 38-93 93 


Silicic acid 200-250 125-200 200-210 


52-93 93-99 


Silver nitrate 5 150-210 


66-99 


Soaps 150-200 


66-93 


Sodium acetate 5 150-210 210-215 


66-99 99-102 


Sodium bicarbonate 100-180 170-180 


38-82 71-82 


Sodium bisulfate 3 150-210 210-215 


66-99 99-102 


Sodium bromide 200-210 210-215 


93-99 99-102 


Sodium carbonate 100-205 100-180 180 


38-96 38-82 82 


Sodium chlorate 180-250 180-210 210-215 


82-121 82-99 99-102 


Sodium chloride 210-300 200-210 210-250 


99-149 93-99 99-121 


Sodium cyanide 225-250 150-210 210 


107-121 66-99 99 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Sodium dichromate 200-250 200-210 210 140 


93-121 93-99 99 60 


Sodium ferrocyanide 200-300 150-210 210-215 


93-149 66-99 99-102 


Sodium fluoride 150-250 150-180 150-180 


66-121 66-82 66—82 


Sodium hydroxide 100—200 100—210 150-180 


38-93 38-99 66—82 


Sodium hypochlorite 75 75-180 110-180 


24 24-82 43-82 


Sodium nitrate 200—300 200-210 210-215 


93-149 93-99 99-102 


Sodium phosphate 200 200-210 210 


93 93-99 99 


Sodium silicate 150-220 160-210 210-215 


66-104 71-99 99-102 


Sodium sulfate 200—300 200-210 210-215 


93-149 93-99 99-102 


Sodium sulfite 200 200-210 210-215 


93 93-99 99-102 


Sodium thiosulfate 150-200 180 


66 66-93 82 


Stannic chloride 150-270 150-210 


66-132 66-99 99 


Stearic acid 150-225 150-210 210-215 


66-107 66-99 99-102 


Sulfamic acid 100-150 100-210 150-210 


38-66 38-99 66-99 


Sulfite liquor 150 200 200 


66 93 93 


Sulfur dioxide 120-210 225-250 


49-99 107-121 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 


(Continued) 


Service/Fluid 


Epoxy 


Vinyl ester 


Novolac VE 


Isophthalic 


Sulfuric acid 


75-205 


75-210 


120-215 


170 


24-96 


24-99 


49-102 


77 


Sulfurous acid 


75-200 


80-150 


100—150 


NL 


24-93 


27-66 


38-66 


NL 


Tannic acid 


200-225 


100-210 


100-210 


93-107 


38-99 


38-99 


Tartaric acid 


50-250 


200-210 


210 


66-121 


93-99 


99 


Toluene 


00-150 


75-80 


38-66 


24-27 


Trichloroethylene 


20-150 


NL 


49—66 


NL 


Triethanolamine 


00-150 


100-120 


38-66 


38-49 


49 


Trisodium phosphate 


00-200 


100—210 


210-250 


38-93 


38-99 


99-121 


Tung oil 


200 


100 


200 


93 


38 


93 


Turpentine 


100-150 


150 


100-210 


38-66 


66 


38-99 


150-200 


150 


150 


66-93 


66 


66 


Vinegar 


150-200 


NL 


66-93 


NL 


Vinyl acetate 


75-150 


150-210 


24-66 


66-99 


200-250 


175-200 


180-210 


93-121 


79-93 


82-99 


Water, sea 


210-270 


175-200 


210 


99—132 


79-93 


99 


Xylene 


125-150 


75-80 


52-66 


24-27 
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TABLE D2.5 Maximum Temperature Ratings Range by Chemical and Resin Class 
(Continued) 


Service/Fluid Epoxy | Vinylester | Novolac VE Isophthalic 


Zinc chloride 210-250 200 200—310 170 


99—121 93 93-154 TI 


Zinc sulfate 200-250 200-210 210-350 


93-121 93-99 99-177 


NL = Not Listed 
NR = Not Recommended 
NT = Not Tested 


The piping manufacturer should be contacted for recommendations for specific 
abrasive applications. The following information will be needed to make the best 
recommendation: 


* Particle size 

* Percent solids 

* Particle hardness 

* Flow velocity 

* Continuous or intermittent service 


TABLE D2.6 Derakane Epoxy Vinyl Ester Resins 
Taber Abrasion Testing! 


Laminate description Wear index 


Derakane 411 388 


Derakane 470 520 


Derakane 8084 250 


Derakane 411, 10% fine silica 70 


Derakane 411, 50% fine silica 38 


Derakane 411, 66% fine silica 38 


Derakane 411, 2096 silicon carbide 25 


Derakane 411, 40% silicon carbide 10 


Derakane 411, 5096 silicon carbide 10 


! CS-17 Abrasive Wheel, 1000 gram loading 
Source: Derakane epoxy vinyl ester resins “Fabricating 
Tips" 10/94 
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Flame Resistance 


Flame-resistant fiberglass piping has been developed that is readily avaliable. These 
systems usually use phenolic resins or brominated vinyl ester resins with antimony 
trioxide fillers. ASTM E-84 tunnel test flame spread ratings below 25 can be achieved 
with both resin systems. Phenolic systems also provide for low smoke generation. 
Intunescent coatings can also be applied to increase flame resistance. 


Weather Resistance 


Fiberglass piping systems have been successfully used from the north slope of 
Alaska to the Sahara desert. Fiberglass piping is less prone to ultraviolet or cold 
embrittlement and cracking than thermoplastic piping systems. Fiberglass piping 
also has operating temperature capabilities in excess of ambient temperatures. 
Surfaces of fiberglass piping systems exposed to sunlight will experience ultraviolet 
degradation of the resin. This degradation is a surface effect which stops as soon 
as the glass fibers are exposed. Long-term testing of fiberglass piping typically shows 
no effect on the physical strength of the components. The surface appearance of 
the pipe will deteriorate with ultraviolet exposure. The surface can be protected 
with a resin-rich veil surface, paint, or ultraviolet inhibitors. 


PHYSICAL PROPERTIES 


The physical properties of fiberglass pipe are dependent on resin type, glass type, 
manufacturing method, glass orientation, and cure profile. Actual properties may 
vary significantly between pipes that appears to be similar; therefore the manufactur- 
er's published data should be used for all engineering calculations. Table D2.7 
is provided as preliminary information only. Since FRP physical properties are 
dependent on glass orientation, unit stress and elastic modulus are also dependent 
on orientation of the load. Fig. D2.4 shows simplified load orientations along with 
the ASTM standard test method used to measure unit stress and elastic modulus. 
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TABLE D2.7 Typical Ultimate Physical Properties for Fiberglass Pipe 


Property at 75°F (24°C) 


Filament-wound 
epoxy pipe 


Centrifugally cast 
epoxy pipe 


Filament-wound 
vinyl ester pipe 


Centrifugally cast 
vinyl ester pipe 


Filament-wound 
isophthalic pipe 


Hydrostatic burst, ASTM D-1599 
ultimate stress, psi (kg/cm?)* 
modulus of elasticity, psi (kg/cm?)* 


38,000 — (2,700) 
3.4E+06 (2.4E+05) 


27,000 — (1,900) 
2.6E+06 (1.8E+05) 


40,000 — (2,800) 
3.2E+06 (2.2E+05) 


34,500 — (2400) 
2.3E--06 (1.6E+05) 


42,000 — (3,000) 
3.2E+06 (2.2E+05) 


Hydrostatic design stress, ASTM D-2992, 
psi (kg/cm?)* 


11,000 (770) 


11,000 — (770) 


7,000 — (490) 


8,000 — (560) 


7,500 — (530) 


Axial tensile, ASTM D-2105 
ultimate stress, psi (kg/cm?)* 
modulus of elasticity, psi (kg/cm?)* 


15000 (1,100) 
1.8E+06 (1.3E+05) 


35,000 — (2,500) 


9,000 (630) 


2.8E+06 (2.0E+05) 


1.5E+06 (1.1E+05) 


36,000 — (2,500) 
2.6E--06 (1.8E+05) 


9400 (660) 
1.9E+06 (1.3E+05) 


Beam bending, ASTM D-2925 
ultimate stress, psi (kg/cm?)* 
modulus of elasticity, psi (kg/cm?)* 


25,000 — (1,800) 
2.0E--06 (1.4E+05) 


41,000 — (2,900) 


20,000 — (1,400) 


2.6E+06 (1.8E+05) 


1.8E+06 (1.3E+05) 


38,000 (2,700) 
2.4E+06 (1.7E+05) 


1.3E+06 (0.91E+05) 


Axial compressive, ASTM D-695 
ultimate stress, psi (kg/cm?)* 


modulus of elasticity, psi (kg/cm?)* 


30,000 — (2,100) 
2.0E--06 (1.4E+05) 


38,000 — (2,700) 


16,000 — (1,100) 


2.5E+06 (1.8E+05) 


1.6E+06 (1.1E+05) 


26,000 — (1,800) 
2.5E--06 (1.8E+05) 


23,000 
8.5E 


(1,600) 
05 (0.60E--05) 


Hoop bending, ASTM D-2412 
modulus of elasticity, psi (kg/cm?)* 


2.5E--06 (1.8E+05) 


34E--06 (2.4E+05) 


2.3E+06 (1.6E+05) 


3.1E+06 (2.2E+05) 


2.2E+06 (1.5E+05) 


Coefficient of thermal expansion ASTM D-696, 
in/in/°F (mm/mm/°C)+ 


1.0E-05 (1.8E-05) 


11E-05 (2.0E-05) 


1.2E-05 (22E-05) 


0.87E-05 (1.6E—05) 


14E-05 (2.5E—05) 


Coefficient of thermal conductivity ASTM D-177, 
BTU/(ft)(hr)CF/in), (W/(m)CK))t 


24 (0.35) 


0.87 (0.13) 


1.7 (0.25) 


0.87 (0.13) 


17 (0.25) 


Specific gravity, ASTM D-792+ 


1.8 


1.45 


1.8 


1.55 


2a: 


Poisson’s ratio, ASTM D-2105 
Ratio axial strain-to-hoop strain* 


0.15 


0.3 


0.15 


Flow factor 
Hazen-Williams ‘C’ 
Manning's ‘n’ 
Absolute roughness, ft 


* Note 1: Based on reinforced wall thickness 
+ Note 2: Based on total wall thickness 


150 
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Stress - The amount of force on the laminate (psi) with respect 
to the dimensions of the laminate and direction of the force. 


Axial Tensile Stress 
ASTM D 2105 


Support 


Shear Stress 


PI ~ 
EE CORREOS DEN 


Axial Compressive Stress 
ASTM D 695 
Hoop Tensile Stress From 


Internal Pressure 
ASTM D 1599 


rd 


Circumferential Stress From 
External Pressure or Burial Loads 
ASTM 2924 


ASTM D 2925 AY 
ASTM D 2412 


Beam Bending Stress Pipe Stiffness = PS = E 


FIGURE D2.4 Simplified load orientation used for determing unit stress and elastic modulus 
according to ASTM test methods. 
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BENEFITS AND LIMITATIONS OF FIBERGLASS 
PIPING SYSTEMS 


Fiberglass pipe offers a number of benefits compared to other piping materials, 
but it also has some significant limitations. The piping designer should review the 
benefits and limitations when making the piping material selection. 


Corrosion Resistance 


Fiberglass piping can be manufactured with resins selected to optimize corrosion 
resistance for a particular application. Corrosion resistance is generally good com- 
pared to competitive materials but may have some concentration and tempera- 
ture limitations. 


Installed Cost 


The installed cost of FRP pipe is competitive with stainless steel, lined steel, and 
high-end thermoplastic systems (see Table D2.8 and Fig. D2.5). 


TABLE D2.8 Total Material and Labor Cost Index* (Average for Pipe Installed in 
Process Areas, Inside Buildings, and Outside Buildings, Fiberglass — 1.0) 


CPVC PVDF Polypropylene- A53 Carbon Stainless 
NPS Schedule Plastic lined steel steel steel Fiberglass 
(DN) 160 psi Class 150 Sch. 40 STD. Sch. 10 150 psi 


1" (25) E 0.53 0.48 ; 1.00 


14" (40) j 123 0.82 45 1.00 


2" (50) 3 . : . .95 1.00 


3" (80) ; ; T y ; 1.00 


4" (100) ; 3. : . 1.00 


6" (150) ; Í i ; 2 1.00 


8" (200) ; ; . : 1.00 


10" (250) : . 35 1.00 


12" (300) ; $ ‘ 1.00 


14” (350) | 1.00 


Source: Richardson Engineering Services Process Plant Construction Estimating Standards, 1997 
Edition 
* Note: Does not include fittings, valves or support devices. 


Material & Labor Cost Index 
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FIGURE D2.5 Piping material and labor (total cost index). 


Unsupported Spans 


D.113 


E CPVC Sch 80 

€ PVDF Plastic 160 psi 

A PP Lined Steet 

W A53 Carbon Steel Sch40 
@ 340. SS Welded Sch 10 


Á Fiberglass 150 psi 


The spans for fiberglass systems can actually be longer than both steel and thermo- 
plastic systems (see Table D2.9 and Fig. D2.6), further reducing the installed cost 
on aboveground systems. 


TABLE D2.9 Support Spacing In Feet at 60°F (Specific 


Gravity — 1.00) 


NPS 
(DN) 


PVC 
Schedule 
80 


Steel 
standard 
wall 


Fiberglass 
process 


pipe 


1" Q5) 


6.0 


7.0 


12.3 


1%" (40) 


6.5 


9.0 


14.4 


2" (50) 


7.0 


15.0 


3" (80) 


8.0 


17.4 


4" (100) 


19.0 


6" (150) 


21.8 


8" (200) 


10" (250) 
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FIGURE D2.6 Support spacing (feet at 60°F). 


Thermal Expansion 


The thermal expansion of fiberglass pipe is comparatively low (see Table D2.10 
and Fig. D2.7) and can be easily controlled using the inherent strength of fiberglass. 


Flow Loss 


Fiberglass pipe has a smooth bore which typically remains smooth throughout the 
life of the system. The smooth bore significantly reduces flow loss in both pumped 
and drainage systems. Flow loss can significantly affect the life cycle cost of pumped 
systems and pipe size requirements for drainage systems (see Table D2.11 and 
D2.12). 
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TABLE D2.10 Piping System Thermal Expansion, Uninsulated Pipe 
(inches/100 feet) 


Temperature Typical 


change Carbon Stainless fiberglass 
degrees F steel steel pipe 
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25 : : 0.18 0.27 0.31 


50 J 4 : 0.54 0.61 


75 : j ! 0.82 


Temperature Change, ^F — = °C 


18 
8 
e : 
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Temperature Change, Degrees F 
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FIGURE D2.7 Pipe thermal expansion, Uninsulated Pipe (inches/100 feet). 
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TABLE D2.11 Cost Comparison (Steel versus Fiberglass) 


Flow rate (gpm): Pump efficiency: 

Pipe length (ft): Pump price* (for steel line): 

Pipe I.D. (in.) (steel): Pump price} (for fiberglass line): 
Pipe I.D. (in.) (fiberglass): Material & labor per foot (steel): 


Fluid density (Ibs/gal): Material & labor per foot (fiberglass): 
Energy cost per kW-hr: Discount rate: 


Hazen-Williams Total Horsepower Energy Total Life cycle 
flow coefficient head loss (ft) demand (hp) consumption (kW-hr) energy cost cost 

Steel | Fiberglass | Steel | Fiberglass | Steel | Fiberglass Steel Fiberglass Steel Fiberglass Steel Fiberglass 
Year: 0 $49,229.00 $76,535.00 
1 | 1260 150 82.4 47.9 25.0 4.5 204081.3 118493.45 $10,204.06 | $5,924.67 $58,633.67 $81,995.53 
2 | 120.5 150 89.6 47.9 27.2 4.5 221800.7 118493.45 $11,090.04 | $5,924.67 $68,054.16 $87,028.27 
3 | 109.6 150 106.6 47.9 32.3 4.5 264058.9 118493.45 $13,202.94 | $5,924.67 $78,390.85 $91,666.75 
4 | 102.8 150 120.2 47.9 36.4 4.5 297557.0 118493.45 $14,877.85 $5,924.67 $89,126.32 $95,941.84 
5 98.2 150 130.8 47.9 39.7 4.5 323850.4 118493.45 $16,192.52 | $5,924.67 $99,895.08 $99,882.01 
6 94.9 150 139.3 47.9 42.2 4.5 344983.7 118493.45 $17,249.18 | $5,924.67 $110,467.88 | $103,513.51 
7 92.4 150 146.3 47.9 44.4 4.5 362384.8 118493.45 $18,119.24 | $5,924.67 $120,703.92 | $106,860.52 
8 90.5 150 152.2 47.9 46.2 4.5 377012.3 118493.45 $18,850.62 $5,924.67 $130,518.86 | $109,945.31 
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TABLE D2.11 Cost Comparison (Steel versus Fiberglass) (Continued) 


Hazen-Williams Total Horsepower Energy Total Life cycle 
flow coefficient head loss (ft) demand (hp) consumption (kW-hr) energy cost cost 


Steel | Fiberglass | Steel | Fiberglass | Steel | Fiberglass Steel Fiberglass Steel Fiberglass Steel Fiberglass 


157.3 47.9 ; 14.5 389522.0 118493.45 $19,476.10 $5,924.67 $139,865.04 | $112,788.44 


161.7 47.9 i 14.5 400374.9 118493.45 $20,018.75 $5,924.67 $148,719.04 | $115,408.84 


165.5 47.9 5 2 409904.6 118493.45 $20,495.23 $5,924.67 $157,073.64 | $117,823.95 


168.9 47.9 È E 4183582 118493.45 $20,917.91 $5,924.67 $164,932.54 | $120,049.86 


172.0 47.9 ; is 425923.3 118493.45 $21,296.17 $5,924.67 $172,306.74 | $122,101.39 


74.8 2 i ; 432744.7 118493.45 $21,637.24 $5,924.67 $179,212.08 | $123,992.20 


71.3 ; : : 438936.4 118493.45 $21,946.82 $5,924.67 $185,667.52 | $125,734.88 


79.5 i j : 444589.4 118493.45 $22,229.47 $5,924.67 $191,693.85 | $127,341.04 


81.6 È : : 449777.2 118493.45 $22,488.86 $5,924.67 $197,312.89 | $128,821.37 


454560.1 118493.45 $22,728.01 $5,924.67 $202,546.80 | $130,185.73 


458988.1 118493.45 $22,949.40 $5,924.67 $207,417.67 | $131,443.21 


463102.8 118493.45 $23,155.14 $5,924.67 $211,947.19 | $132,602.17 


* 75 HP close-coupled centrifugal pump, bronze fitted construction 
+ 40 HP close-coupled centrifugal pump, bronze fitted construction 
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TABLE D2.12 Fiberglass versus Coated Cast-Iron (Drainage Pipe Flow Comparison Using the 
Manning Equation) 


Pipe Manning equation 
input variables variables 
LD. of pipe Pipe Manning % Pipe used Cross-sect. Wetted Hydraulic 
(inches) material | roughness | (select 1⁄4, 1⁄2, 3⁄4, or F) area (ft) | perimeter (ft.) radius 
8.000 Steel 0.013 (34 Full) 75 0.174533 1.047198 0.166667 
8.085 Fiberglass 0.009 (34 Full) 75 0.178261 1.058324 0.168438 
3 Steel 0.013 (% Full) 50 0.024544 0.392699 0.062500 
3 Fiberglass 0.009 (% Full) 50 0.024544 0.392699 0.062500 
4 Steel 0.013 (% Full) 50 0.043633 0.523599 0.083333 
4 Fiberglass 0.009 (% Full) 50 0.043633 0.523599 0.083333 
6 Steel 0.013 (% Full) 50 0.098175 0.785398 0.125000 
6 Fiberglass 0.009 (% Full) 50 0.098175 0.785398 0.125000 
8 Steel 0.013 (% Full) 50 0.174533 1.047198 0.166667 
8 Fiberglass 0.009 (% Full) 50 0.174533 1.047198 0.166667 
10 Steel 0.013 (% Full) 50 0.272708 1.308997 0.208333 
10 Fiberglass 0.009 (% Full) 50 0.272708 308997 0.208333 
12 Steel 0.013 (% Full) 50 0.392699 570796 0.250000 
12 Fiberglass 0.009 (% Full) 50 0.392699 570796 0.250000 
14 Steel 0.013 (% Full) 50 0.534507 832596 0.291667 
14 Fiberglass 0.009 (% Full) 50 0.534507 832596 0.291667 


1. Use appropriate conversion factors for metric units. 
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D.119 


Me in./ft. gradient 
slope — 0.00521 


V6 in./ft. gradient 
slope — 0.01042 


YA in./ft. gradient 
slope — 0.02083 


Vo in./ft. gradient 
slope — 0.04167 


Discharge Velocity Discharge Velocity Discharge Velocity Discharge Velocity 
(gpm) (fps) (gpm) (fps) (gpm) (fps) (gpm) (fps) 
355.96 4.54 503.41 6.43 711.86 9.09 1006.84 12.85 
528.86 6.61 747.94 9.35 1057.64 13.22 1495.91 18.70 

14.30 1.30 20.22 1.84 28.59 2.60 40.44 3.67 
20.65 1.87 29.21 2.65 41.30 3.75 58.42 5.30 
30.79 1.57 43.55 2.22 61.59 3.14 87.11 4.45 
44.48 2.27 62.91 3.21 88.96 4.54 125.8 6.43 
90.8 2.06 128.4 2.91 181.6 4.12 256.8 5.83 
131.2 2.98 185.5 4.21 262.3 5.95 371.0 8.42 
195.6 2.50 276.6 3.53 391.1 4.99 553.2 7.06 
282.5 3.61 399.5 5.10 565.0 7.21 799.1 10.20 
354.6 2.90 501.5 4.10 709.2 5.79 1003.1 8.20 
512.3 4.19 724.5 5.92 1024.4 8.37 1448.9 11.84 
576.7 3.27 815.6 4.63 1153.3 6.54 1631.3 9.26 
833.0 4.73 1178.1 6.68 1665.9 9.45 2356.3 13.37 
870.0 3.63 1230.4 5.13 1739.8 7.25 2460.8 10.26 
1256.6 5.24 1777.2 TAL 2513.08 10.48 3554.5 14.82 
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PRESSURE RATINGS 


Fiberglass piping is available with a wide range of both internal and external pressure 
ratings depending on its intended application (see Tables D2.13 through D2.16). 
Pipe larger than NPS 16 (DN 400) is usually custom-made for the system pressure 
requirements. The piping system internal pressure rating is usually limited by the 
joining method and fittings, not the pipe. Long-term pressure ratings are extrapo- 
lated to a 50-year life expectancy using regression analysis (see Table D2.17). 


Lela 


TABLE D2.13 Fiberglass Process Piping (Internal & External Pressure Ratings for Pipe Manufactured According to 
ASTM D 2996 or ASTM D 2997) 


NPS 
(DH) 


Internal pressure rating ranges* 


External pressure rating ranges* 


Vinyl ester 


Epoxy 


Vinyl ester 


Epoxy 


Pipe 


Fittings & joints 


Pipe 


Fittings & joints 


Pipe 


Pipe 


1” (25) 


735-950 
5.07—6.55 


50-950 
0.34-6.55 


450—950 
3.1—6.55 


150-950 
1.03-6.55 


1975-6400 
13.6-44.1 


360-2125 
2.48-14.7 


2" (50) 


200-850 
1.38-5.86 


50-850 
0.34-5.86 


450-1250 
3.1-8.62 


150-1250 
1.03-8.62 


330-2700 
2.28-18.6 


55-1170 
0.38-8.07 


3" (80) 


150-660 
1.03-4.55 


50-660 
0.34-4.55 


300-830 
2.07-5.72 


150-830 
1.03-5.72 


97-800 
0.67-5.52 


25-335 
0.17-2.31 


4" (100) 


125-510 
0.86-3.52 


50-510 
0.34-3.52 


175-785 
1.21-5.41 


150-785 
1.03-5.41 


45-340 
0.31-2.34 


16-225 
0.11-1.55 


6” (150) 


125-420 
0.86-2.9 


50-420 
0.34-2.9 


125-525 
0.86-3.62 


100-525 
0.69-3.62 


37-100 
0.26-0.69 


10-62 
0.07—0.43 


8" (200) 


100—360 
0.69-2.48 


50-360 
0.34-2.48 


125-450 
0.86-3.1 


75-450 
0.52-3.1 


21-56 
0.14-0.39 


10-45 
0.07-0.31 


10” (250) 


100-335 
0.69-2.31 


50-335 
0.34-2.31 


125-415 
0.86-2.86 


50-415 
0.34-2.86 


13-33 
0.09-0.23 


10-35 
0.07-0.24 


12” (300) 


100-280 
0.69-1.93 


45-280 
0.31-1.93 


* Note: Ratings at ambient temperatures 


125-350 
0.86-2.41 


50-350 
0.34-2.41 


10-23 
0.07-0.16 


7-23 
0.05-0.16 
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TABLE D2.14 Fiberglass Line Pipe (Internal and External 
Pressure Ratings for Pipe Manufactured according to API 


15LR or API 15 HR) 


Nominal 
Size 


Internal pressure 
rating ranges 


External pressure 
rating ranges 


300-4000 
2.07-27.6 


130-5700 
0.9-39.3 


300-4000 
2.07-27.6 


60-5900 
0.41-40.7 


300—4000 
2.07-27.6 


40-5600 
0.28-38.6 


400-2500 
2.76-17.2 


225-2690 
1.55-18.5 


TABLE D2.15 Fiberglass Downhole Tubing (Internal and 
External Pressure Ratings) 


Nominal 
Size 


Internal pressure 
rating ranges 


External pressure 
rating ranges 


1" 


2000-3000 
13.8-20.7 


2000—4000 
13.8-27.58 


1000—4000 
6.89—27.6 


800—6000 
5.52-41.37 


1000—4000 
6.89—27.6 


800—6890 
5.52-47.5 


1000-4000 
6.89—27.6 


800—6680 
5.52-46.06 


1000—4000 
6.89—27.6 


700-6490 
4.83-44.75 


1000—4000 
6.89—27.6 


400—6700 
2.76—46.19 


1000—3000 
6.89—20.7 


600—4500 
4.14—31.03 
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TABLE D2.16 Fiberglass Casing (Internal and External 


Pressure Ratings) 


Nominal 
size 


Internal pressure 
rating ranges 


External pressure 
rating ranges 


SY" 


800-2000 
5.52-13.8 


80-3000 
0.55-20.7 


Ts" 


800—2000 
5.52-13.8 


80—3000 
0.55-20.7 


99g" 


800—2000 
5.52-13.8 


70-3200 
0.48-22.1 


TABLE D2.17 Long-Term Hydrostatic Design 
Basis Ranges for Fiberglass Pipe per ASTM D 2992 


Type 


Range 


Vinyl ester process pipe 


5000-9280 
34.5-63.98 


Epoxy process pipe 


5000-31500 
34.5-217.2 


Line pipe 


5560—15000 
38.3-103.4 


Casing 


5000-15000 
34.5-103.4 


D.124 NONMETALLIC PIPING 


ABOVEGROUND DESIGN 


Anchors Guides and Supports 


It is important that an aboveground fiberglass piping system be properly anchored, 
guided, and supported. Anchors, guides, and supports must be selected which protect 
the piping components from point loads. Point loading can cause significant damage 
which will affect the life of the system. Figures D2.8 through D2.11 show typical 
hanger, support, guide, and anchor details. 


Design Equations and Criteria 


Design equations and criteria have been developed for fiberglass piping used in 
aboveground systems. These equations and criteria are conservative and have re- 
sulted in many numerous successful piping installations. Most of the fiberglass piping 
manufacturers publish technical information based on these equations and criteria. 


B. Fiberglass Hanger 


A. Adjustible Steel 
Band Hanger 


Bs 


C. 3 Bolt Clamp Hanger 


D. Clevis Hanger 


"i 
UN or 


\ 


Veep ee 
Clamp, Snug 
but Not Tight 
LA 


FIGURE D2.8 Typical hanger details. Pipe can move laterally and axially. (Illustrations courtesy 
of Smith Fiberglass Products, Inc., Ameron Fiberglass Pipe Systems, and Fibercast Co.) 
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A. Simple Support 


N 
‘Metal or Fiberglass 
Pipe Support Cradle, 

Bond to Pipe 


C. Wall support 


E. Riser Clamp 


Coupling or 
FRP buildup 
Clamp, snug 
but not tight *"" 


Support 


Metal or Fiberglass 
Pipe Support Cradle, 


Bond to Pipe 


B. Roller Support p 


Pipe Support Cradle, 
Bond to Pipe 


D. Floor support 


Metal or Fiberglass 
Pipe Support Cradle, 
Bond to Pipe 


F. Riser Floor G. Flanged Column 


Support Support 


[ 


FIGURE D2.9 Typical support details. Pipe can move laterally and axially. (I/lustrations courtesy 
of Smith Fiberglass Products, Inc., Ameron Fiberglass Pipe Systems, and Fibercast Co.) 
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A. U-Bolt Guide B. Hanger With Lateral Restraint 
Allows movement in axial direction only 


1/16" Min., 1/8" Max. 
Clearance Per Side 
/ 


Spacer. 


a 
a“ 
Support D 
Member es Lateral 


Guide 
x d or Fiberglass Clamp, sung 
Pipe Support Cradle, but not tight 


Bond to Pipe 


C. Hanger With Axial Restraint 


Clamp, sung 
but not tight 


FIGURE D2.10 Typical guide details. Pipe is restrained axially or laterally. (Courtesy 
of Fibercast Co.) 


Finite element computer design programs based on ASME design criteria are also 
used to design fiberglass piping systems. Use of one of these computer programs 
should be considered when designing complex systems. The manufacturer's pub- 
lished data should be used whenever doing design calculations or computer design. 


Minimum Fiberglass Pipe Support Width. Fiberglass pipe can be damaged by 
point loads at hangers, supports, anchors, or guides. Hangers, supports, anchors, 
or guides should be selected which provide a minimum of 120? contact and a 
maximum bearing stress of 85 psi (6.0 kg/cm’). Fiberglass pipe should be protected 
when used with support rollers, U-bolts, or flat supports such as angle iron or I- 
Beams (see Figs. D2.8 through D2.11). Eq. (D2.1) or Table D2.18 can be used to 
determine minimum fiberglass pipe support widths. 


3/2* F 
RC] Pad (D2.1) 
OD * Sb 


where W — minimum support width, in (cm) 
F = weight on support, lbs (kg) 
OD = pipe outer diameter, in (cm) 
Sb = allowable bearing stress 85 psi (5.98 kg/cm?) 
Based on 120? of contact. 


FIBERGLASS PIPING SYSTEMS D.127 


A. Support member Anchor B. Floor Anchor 
coupling 
or FRP buildup 


coupling 
or FRP buildup 


«| Clàmp, snug 
N not tight 


C. Flange Anchor D. Valve Support and Anchor 


: | Structural Steel Anchor 
| Y Bolted to Fiberglass 


Clamp, snug 
but not tight 


Weld or Bolt Anchor 
to Support Member 


Structural Steel 
7*i— Column or 
Í Support Beam 


FIGURE D2.11 Typical anchor details. Pipe is restrained in all directions. 
(Courtesy of Fibercast Co.) 


TABLE D2.18 Minimum Support Width 
for 120° Contact 


Pipe size Minimum support width 
NPS DN in. mm 
1 25 Ye 22.4 
1% 40 76 224 
2 50 Ye 22.4 
3 80 1% 31.8 
4 100 1% 31.8 
6 150 1% 38.1 
8 200 1% 44.5 
10 250 1% 44.5 
12 300 2 50.8 
14 350 2 50.8 


Note: Table is based on fluid specific gravity of 
1.25 and typical maximum spans for filament wound 
fiberglass pipe at 75°F (24°C). 
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Example D2.1: 36 in nominal diameter pipe carrying 1.25 specific gravity fluid 


F = weight of pipe plus weight of fluid times span length (32.5 Ibs/ 
ft + 550 Ibs/ft) * 25 ft = 14,560 Ibs 


OD - 36.75" 
3/2 * 14560 
_ ¥3/2* 14560 _, 4 o” 
36.75 * 85 
TABLE D2.19 Deflection Coefficients, f, for Various Span Configurations 


1 Span 


2 Span 


3 Span 


4 Span 


N—N 


f — 0.013 


N—N—N 


f — 0.0069 


N—N-—-N-N 
b 2) p 
fl = 0.0069 
f2 = 0.0026 


N—N-N-N-N 
t 2.92 VE 
f1 = 0.0065 
f2 = 0.0031 


F—N 


f = 0.0054 


F—N—N 
1 2 

fl = 0.0026 

f2 = 0.0054 


F—N—N-—-N 
Lo Qe 2 
fl = 0.0026 
f2 = 0.0054 


F—N—N-—-N-N 
1 22.2 
fl = 0.0026 
f2 = 0.0054 


F-N-F 


f = 0.0026 


F—N—N-F 
E 
f1 = 0.0026 
f2 = 0.0031 


F—N—N-N-F 
Tj. 2A ul 
fl = 0.0026 
f2 = 0.0031 


F—F—F 
f = 0.0026 


F—F—F-—F 
f — 0.0026 


F—F—F—F—F 
f = 0.0026 


Where: F = fixed securely, N = not fixed 


Support Spacing for Fiberglass Pipe. Fiberglass pipe support spacing is deter- 
mined using beam deflection equations. Deflection is normally limited to % in (1.27 
cm). The resulting pipe bending stress is normally well below the allowable bending 
stress. Maximum pipe span based on deflection can be calculated using the following 
equation along with Table D2.20. 


d* Eb 1N9? 
Lade 
Cw) 


where L = unsupported span length, in (cm) 
d — allowable midpoint deflection, in (cm) 
Eb = bending modulus of elasticity, psi (kg/cm’) 
| = pipe moment of inertia, in* (cm^) 
f ^ deflection coefficient. Table D2.19 
W = weight of pipe and fluid, Ibs/in (kg/cm) 


(D2.2) 
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Example D2.2: HPS 14 (DN 350) Pipe with Supports Securely Fixed, 


d — 0.5 in : 6 0.25 

Eb =2 X 10° psi L= 0.5 «2 x 10? * 226 L 3337 
I = 226.12 in* 0.0026 * 7.08 
f = 0.026 


W = 7.08 Ibs/in 


TABLE D2.20 Typical Fiberglass Pipe Maximum Support Spacing 


Nominal pipe size, 
NPS (DN) 


Support spacing, 
ft (m) 


Note: Based on 4 span fixed continuous beam with a fluid specific gravity of 1. Use the following 
multipliers for other conditions. 


Specific gravity Span multiplier Beam type Span multiplier 


1.25 0.95 Simple support, 1 Span 0.669 
1.50 0.90 Continuous beam, 3 Span 0.783 
2.00 0.84 Continuous beam, 4 Span 0.795 


Thermal Expansion Calculation. Fiberglass pipe expands at from 1% times to 
twice the rate of steel pipe due to changes in temperature. The wide variation in 
thermal expansion is due to the different constructions used to make different types 
of fiberglass pipe. The following equation is used to calculate thermal expansion. 
Refer to Table D2.21. 


TABLE D2.21 Typical Fiberglass Pipe Thermal Expansion, C, = 10.2 x 10° in/in/°F 
(18.3 X 1075 in/cm/cm/^C) 


Temperature change, ^F 


Length change, in./100 ft. 


Temperature change, ^C 


Length change, cm/30.5 m. 


L.— C, *L*T, (D2.3) 


where L, — length change, in (cm) 
C, = coefficient of thermal expansion, in/in/°F (cm/cm/°C) 
L — Length of pipe between anchors, in (cm) 
T, = temperature change, °F (°C) 
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Example D2.3: NPS 14 (DN 350) Pipe 


Ct = 102 X 10° in/in/°F é . 
L — 2400 inches Le = 10.2 x 10? * 2400 * 100 => 2.44 inches 
T. = 100 °F 


Restrained End Loads. Fiberglass pipes’ low linear coefficient of thermal expan- 
sion, low compressive modulus of elasticity, and high compressive strength makes 
it practical to restrain the pipe to control thermal expansion. The following equation 
is used to determine the restrained end load for fiberglass pipe. Refer to Table 
D2.22 for typical heavy wall fiberglass pipe restrained end loads at rated compressive 
loads at 100°F (56°C) change in temperature. 


Ej =C,* E*A*T, (D2.4) 


where E; = thermal end load, lbs (kg) 
C, = coefficient of thermal expansion, in/in/°F (cm/cm/°C) 
E = axial compressive modulus for expansion, psi (kg/cm?) axial tensile 
modulus for contraction 
A = reinforced cross-sectional area, in? (cm?) 
T, = temperature change, °F (°C) 


Example D2.4: NPS 14 (DN 350) Pipe 


Ct = 10.2 x 10° in/in/°F 

E = 2.01 x 10° psi 

A = 9.4 in? 

T. = 100 °F 
Ej = 102 x 10°° «2.0 x 10° *9.4 * 100 > 19,200 Ibs 


TABLE D2.22 Typical Heavy Wall Fiberglass Pipe Restrained End Loads and Rated 
Compressive Loads at 100°F (55.6°C) Temperature Change 


Nominal pipe size, 
NPS (DN) 


Restrained load, 


Ibs x 10° (kg x 10°) 


Rated compressive load, 
Ibs x 10? (kg X 10°) 


Guide Spacing. When a fiberglass piping system is restrained to control thermal 
expansion, guides must be used to prevent pipe buckling. The following equation 
should be used to determine maximum guide spacing: 


Eb*I ) 


E (D2.5) 
C,*E*A*T,. 


Lg = 0.262 * ( 


where L, — maximum distance between guides, ft (m) 
E, = bending modulus of elasticity, psi (kg/cm?) 
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l = pipe moment of inertia, in^ (cm*) 
C, = coefficient of thermal expansion, in/in/°F (cm/cm/°C) 
E = axial compressive modulus for expansion, psi (kg/cm?) 
A = cross-sectional area, in? (cm?) 
T, = temperature change, °F (°C) 


Example D2.5: 14" Pipe 


Eb — 2 X 10° psi 


L = 226.12 in* 
Ci - 89 x 10° 
E 224 x 10° 
A= 12912 
T. = 100 °F 
Lg = 0.262 + U ec 
ETT 8.9 x 10-6 *2.1 x 10° = 12.912 * 100 idi 


Table D2.23 provides typical guide spacing for pipe sizes NPS | through 14 (DN 
25 through 350). 
TABLE D2.23 Typical Guide Spacing for Restrained Epoxy Pipe, Feet (meter) 


Nominal pipe size, 
in (mm) 


Temperature change 


50°F 
(28°C) 


100°F 
(56°C) 


150°F 
(84°C) 


200°F 
(111°C) 


Changes of Direction and Expansion Loops. Thermal expansion in fiberglass 
piping systems is often controlled using changes of directional or expansion loops. 
The low thermal expansion, low beam-bending modulus of elasticity, and high 
beam-bending strength of fiberglass pipe makes changes of direction and expansion 
loops very practical methods of thermal expansion control. The following cantile- 
vered beam equations are used to determine the minimum leg lengths needed, 
based on allowable pipe stress or elbow bending moments. Minimum leg lengths 
based on pipe stress and elbow bending moments should be determined, and the 
longer of the leg lengths used. 
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Elbow B RS a 


vt 
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M. x 
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7a 

| Line —2 
[EI Anchor 

E 
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PS "C" NI L^ a 

Te "a DT | 

E ^w 


FIGURE D2.12 Offset leg sizin; 


g diagram. 


Leg length based on pipe allowable bending stress (see Figs. D2.12 and D2.13): 
K*L*E*OD 


A= 


M 
where A = deflected pipe length, in (cm) 


ll 


K = cantilevered beam constant 
0.75 for expansion loops 
— 1.50 for directional changes 
L = length change, in (cm) 
E = pipe-bending modulus of ela 
OD = pipe outer diameter, in (cm) 


ll 


sticity, psi (kg/cm?) 


(D2.6) 


S = pipe allowable bending stress (minimum 8:1 safety factor), psi (kg/cm?) 


"A" 
Pipe Run No. 1 
sel Gua arg peg eee ee 
P i p 
Anchor Additional 
Support a emen 


FIGURE D2.13 Loop leg sizing diagram. 


— AL2 
Pipe Run No. 2 
d MEC BM es eer H 
OE L3 F 
__ First Guide | Anchor 
Length Second Guide |... 


Length 
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TABLE D2.24 Typical Expansion, in (mm) versus Leg Length, ft (m) 


Nominal pipe size, 
NPS (DN) 


1 
(25) 


1% 
(40) 


2 
(50) 


3 
(80) 


4 


(100) 


6 
(150) 


8 
(200) 


10 
(250) 


12 
(300) 


14 
(350) 


Leg length based on 90? elbow allowable bending moment: 


I2«L*Exl 
Ales a pee LL (D2.7) 
M 


where J = pipe reinforcement moment of inertia, in* (cm?) 
M = 90° elbow allowable bending moment, Ib-in (kg-cm) 


Table D2.24 provides typical expansion versus leg length. 


Expansion Joints — 


n T eee Guide Secondary Guide 
So ce a we pee — x ra Sa -— 


ETC [ 
Anchor" Anchor pal | Anchor” 
Lg 
For Spacing, Refer To 
Table itl, p. 4 


"Anchor Load = "' ; (1.D.) x (Internal Pressure) 


FIGURE D2.14 Typical expansion joint installation. 
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TABLE D2.25 Distance from Expansion Joint to Primary and Secondary Guides 
(See Figure D2.14) 


Nominal pipe size, 
NPS (DN) 


Primary guide, ^A", 
inches (mm) 


Secondary guide, 
“B”, inches (mm) 


Expansion Joints. The thermal expansion loads and allowable loads for fiberglass 
pipe are relatively low when compared to metallic pipe. Therefore expansion joints 
selected for use with fiberglass pipe must have low activation forces. The following 
equation can be used to determine the maximum allowable expansion joint activa- 
tion load: 


n zn?*Ecsl (D2.8) 
= : 
c La? 


Where Pcr = critical buckling force of pipe, Ibs (kg) 
Ec = axial compressive modulus, psi (kg/cm?) 
l = pipe moment of inertia, inf (cm*) 
L, = guide spacing interval, in (cm) 


A primary and secondary guide should be used with expansion joints to give 
the joint proper alignment (see Fig. D2.14). Typically the primary guide is 4 nominal 
pipe diameters away from the joint and the secondary guide is 14 diameters away 
from the joint. Refer to Table D2.25. 


BELOWGROUND DESIGN 


Buried fiberglass pipe is treated as a flexible system where the pipe, trench walls, 
and bedding material work together to form a complete pipe support system. The 
elements of this system can best be defined by considering a section of buried 
flexible pipe and the loads acting on it. These loads, the dead load (backfill) and 
the live loads (vehicle traffic), act downward on the pipe, tending to deflect it into an 
oval shape. If the bedding material at the sides of the pipe is compacted sufficiently, it 
will resist the pipe movement and minimize the deflection to an acceptable amount. 
For this reason, the specification of the pipe, the construction of the trench, and 
selection of bedding materials must be closely coordinated and controlled. 


Burial Design 


The fiberglass pipe industry uses Chapter 5 American Water Works Association 
(AWWA) manual M45 as the design basis for buried pipe systems and Chapter 6 
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for installation guidelines: AWWA M45 Buried Pipe Design addresses internal 
pressure, surge pressure, external pressure, head losses, pipe properties, ring bend- 
ing, deflection, soil loads, wheel loads, combined loading, modulus of soil reaction, 
buckling, and installation guidelines. 


Trench Design 


Fiberglass pipe is typically installed in trenches which provide from 2 ft to 20 ft 
(0.61 to 6.1 m) of cover when backfilled. Special designs have been developed for 
burial of pipe outside of this range. Trench design will vary depending on pipe 
diameter and specifications, type of soil, backfill, water table levels, and expected live 
wheel loads. (See Table D2.26 and Figs. D2.15 through D2.17). During installation it 


TABLE D2.26 Nominal Trench Widths* 


Nominal Minimum width Maximum 
pipe size earth excavation width 
NPS (DN) Inches (mm) Inches (mm) 


2 (50) 18 (450) 26 (660) 


3 (75) 18 (450) 27 (690) 


(100) 18 (450) 28 (710) 


(150) 20 (500) 30 (760) 


(200) 23 (580) 32 (810) 


(250) 25 (635) 34 (860) 


(300) 28 (710) 36 (910) 


(350) 31 (790) 38 (960) 


(400) 33 (840) 40 (1010) 


(450) 36 (910) 42 (1070) 


(500) 39 (990) 44 (1120) 


(600) 44 (1120) 48 (1220) 


(750) 52 (1320) 56 (1420) 


(900) 60 (1520) 64 (1630) 


42 (1050) 66 (1680) 70 (1780) 


48 (1200) 72 (1830) 80 (2030) 


54 (1400) 78 (1980) 86 (2240) 


60 (1500) 84 (2130) 96 (2440) 


72 (1800) 96 (2440) 108 (2740) 


* Trench widths may be wider depending on soil conditions. 
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See 
Table IX 


Compacted Natural 
Backfill 


Sheeting 
or Shoring 
Materiais . z 
to be left o 6" Min. (150 mm) 
in place : di 
Select Bedding 
Material 
(See Table D2.27) 


6" Min. (150 mm) 


FIGURE D2.15 Trench shape and bedding for soft and medium consis- 
tency soil with sheeting or shoring. 


Trench Shape Where Angle of Repose 
of Soil Will Not Allow Vertical Walls 


Compacted Natural Backfill 


FIGURE D2.16 Trench shape and bedding for granular type soils (sand, 
etc.). 


NOTE: "W" is 4 to 5 times pipe diameter, 
depending on bedding material. 


Compacted 
Natural 
Backfill 


Trench Lined 


6" Min. “A i 
With Permeable, 
(150 mm ASA pr oe = Synthetic 
Select Bedding a cod um Support Material 
Material AS S III 6" Min. 
(Type 1 Only, (150 mm) 


See Table D2.27) 
FIGURE D2.17 Wide trench for very soft consistency soils. 
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Do Not 
Allow Voids 


‘$ 6" Min. Trench Bottom .- "$ 6" Min: Trench Bottom 


FIGURES D2.18 and D2.19. Flat trench bottom. 


Ensure Firm 
Support Here 
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is very important that voids are eliminated around the bottom of the flexible 
fiberglass pipe. The bottom of the trench can be shaped to conform to the bottom 
Y pipe diameter, or, if flat, the bedding material carefully placed and tamped by 


hand to ensure complete pipe support (see Fig. D2.18 and D2.19). 


Bedding Materials 


Selection and compaction of bedding materials is critical to the success of a fiberglass 
buried pipe installation (see Table D2.27). Proper bedding will help prevent exces- 
sive deflection of the flexible fiberglass pipe. Bedding materials particle sizes should 


TABLE D2.27 Bedding Material for Burial of FIBERCAST® Pipe 


Unified soils 
classification system 


Typical 


names Description* 


Degree of 
compaction 
requiredt 


34" max. size with less than 
5096 passing No. 4 sieve 


Crushed rock or pea GW, GP 


gravel 


80-85% 


Sand Coarse or medium sand, SW, SP 


moist 


Gravel, sand, clay Coarse grained soils 5% GW-GM, GW-GC, SW-SM, 


and gravel, sand silt 
mixtures 


and 12% fines 


GP-GM, SP-SM, GP-GC, 
SW-SC, SP-SC 


Silty gravels, clayey 
gravels, silty sands, 
clayey sands 


Coarse grained soils more 
than 12% fines—low 
compressibility 


* All types have a maximum particle size of ?4 inch. 
+ Compaction required: Standard Proctor Density per ASTM D 698. 


GM, GC, SM, SC 
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5" Min. (130 mm) 5" Min. (130 mm) 
typical) 


Minimum 2000 psi (140 Kg/cm?) Concrete 
FIGURE D2.20 Typical Class *A" bedding. 


be smaller than 3 times the pipe wall thickness to prevent point loading fracturing 
of the pipe walls. 


High Water Table Areas 


Areas with high water tables are usually coincident with very poor soil conditions. 
In most of these areas, it will be necessary to use crushed rock or pea gravel as 
the bedding and backfill material. In addition, a permeable, synthetic support fabric 
may be needed as a trench liner to prevent migration of the backfill material into 
the native soil. 

In extreme cases such as soft clay and other plastic soils, it may be necessary 
to use “Class A" bedding (see Fig. D2.20). If the depth of the pipe cover is less 
than 1 pipe diameter, tiedowns or concrete encasement is recommended to prevent 
pipe flotation. 


CONNECTION TO OTHER EQUIPMENT AND 
PIPING MATERIAL 


Fiberglass pipe can be connected to other equipment and piping materials using 
flanges, threaded joints, and grooved adaptors. For flanges it is preferred to connect 
to flat-faced flanges. When connecting to flat-faced flanges, a full face gasket of 60 
to 70 durometer Shore A hardness is usually used. Other specialty-type gaskets 
can be used, but the piping manufacturer should be contacted for compatibility. 
Fiberglass flanges can be damaged if excessive torque is applied to the flange or if 
the proper torque sequence is not followed. Again, the piping manufacturer should 
be contacted for information on maximum torque and torque sequence. In some 
cases a flat-faced flange cannot be used, such as on raised-face flanged pumps, 
valves, and other equipment. When connecting to a raised-face flange you can use 
a filament-wound fiberglass flange, a hard spacer ring, a steel backup ring, or 
machine the mating flange so that it is flat-faced. The hard spacer ring is used to 
fill the gap outside the raised face to prevent bolt loads from bending and breaking 
the fiberglass flange. In connecting with a flange to other equipment and piping 
materials, make sure the boltholes line up with the other system and have the same 
bolt hole pattern. Fiberglass flanges are available in a number of different hole 
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patterns to match the connecting equipment. Fiberglass flanges should use a flat 
washer under all nuts and bolts used to make up the flange. Threaded joints are 
also used to connect to other equipment and piping materials. Threaded joints are 
typically available in NPT thread or 8 and 10 round EUE threads. Before making 
up threads in a fiberglass piping a system, make sure that all bonded joints are fully 
cured. Thread lube should be used which will not harden to seal the threads. Field 
threading of fiberglass piping is possible on some systems, and the manufacturer 
should be contacted for threading details. Grooved adapters are also available to 
make up to existing equipment and other piping materials. Fiberglass pipe connec- 
tions to pumps and other equipment that involve vibration, shock loads, or other 
mechanical movement should include flexible connectors. Rotating equipment such 
as pumps can induce extreme vibration in the system if the natural frequency is 
reached. Flexible connectors used with fiberglass piping systems should have low 
activation forces due to the flexibility of the fiberglass pipe. When connecting to 
tanks the wall movement of the tank should be a consideration. Avoid direct 
connection between two tanks using fiberglass pipe. A change of direction should 
be utilized or a flexible connector to allow for tank wall movement. 


INSULATION AND HEAT TRACING 


It is common practice to use insulation and heat tracing for freeze protection in 
maintaining fluid temperature in fiberglass piping systems. The excellent insulating 
property of fiberglass piping may eliminate the need for additional insulation or 
heat tracing in some systems. The low conductivity of fiberglass piping should be 
considered when designing the system heat tracing and insulation. The additional 
weight and temperature of heat tracing and insulation should be considered when 
designing the unsupported spans for the piping system. The heat tracing used should 
not exceed the maximum temperature rating of the piping system. The maximum 
heat tracing temperature should also be used in all design calculations. It is very 
important that hot spots be avoided in the piping system, or damage to the fiberglass 
pipe can result. When using steam heat tracing, insulation can be placed be- 
tween the heat tracing and the pipe to prevent hot spots. Thermally conductive 
tape designed for use with heat tracing can also be used to avoid hot spots in the 
piping. The most common form of heat tracing fiberglass pipe is with self- 
regulating electrical tape. Heat tracing should be spiraled around the pipe or run 
parallel down opposite sides of the pipe to prevent bowing of the system. Care 
should be taken when designing a system with heat tracing so that the flexibility 
inherent in a fiberglass piping system does not overstress the heat trace. Refer to 
Chap. B6. 


PAINTING FIBERGLASS PIPING 


Fiberglass piping systems can be painted to change the color of the piping or to 
coat a dulled surface. Fiberglass piping may become dull due to ultraviolet exposure 
from sunlight or from exposure to chemicals or chemical vapors. Fiberglass piping 
may have an exterior wax or silicone coating which will prevent adherence of the 
paint unless the piping is properly prepared. The piping can be prepared by sanding, 
sandblasting, or allowing it to weather until it has a dull surface. After the piping 
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has been sanded or sandblasted, the surface must be cleaned in preparation for 
painting. Some paints may require primer before painting. Also, the paint must be 
compatible with the environment the pipe will be exposed to. Consult the paint 
manufacturer for details. Paints which have been found to work well with fiberglass 
piping systems are two component epoxies, two component urethanes, or alkyd 
enamels. 


HYDROSTATIC TESTING 


Fiberglass piping systems should always be tested prior to being put into service. 
It is very important that good hydrostatic test procedures be followed to prevent 
personal injury or property damage during the test. On aboveground systems all 
guides and supports must be in place prior to hydrostatic testing. On buried applica- 
tions the piping should be partially backfilled, with the joints exposed prior to 
testing. Large or complex systems should be tested in subsections. One of the 
reasons for doing this is to confirm that proper fabrication techniques have been 
followed prior to fabricating the complete systems. If the piping system does not 
have any connections for testing, tie-ins may be required. These can be flange 
connections, threaded, or grooved connections. The connections can be cut off after 
the test. For drainage systems expandable plugs can be used for low-pressure testing, 
but because of the smooth bore of fiberglass piping, testing may be limited to less 
than five psi on larger diameters. The test pressure used should not exceed 1% 
times the rated operating pressure of the lowest rated component of the piping 
system. If vacuum testing is used, the test should not exceed the external pressure 
rating of the piping system. The hydrostatic test can be either static or cyclic. For 
a static test the pressure is maintained in the system for 1 to 8 hours. For a cyclic 
test it is usually recommended that the pipe be cycled 10 times, from zero psi to 
1% times the rated operating pressure. Then the pipe has static pressure for a 
minimum of 1 hour. Water should be introduced into the system through a NPS 1 
(DN 25) inlet for pipe up to NPS 14 (DN 350) and a NPS 2 (DN 50) inlet for pipe 
larger than NPS 14 (DN 350). While the water is being introduced, air must be 
bled from all the high points in the system to prevent the storage of energy which 
could result in damage to the system. Air can also be removed by using a small 
pig in the system. When filling and bleeding the system open and close valves slowly 
to prevent surges of water hammer, which can produce very high internal pipe 
pressures. When pressurizing the system, raise the pressure no more than 100 to 
200 psi (690 to 1380 kPa) per minute. After the test pressure is reached, the 
system should be monitored for rises in pressure due to sunlight exposure, ambient 
temperature changes, or wind conditions. During the test when there is water in 
the system, freezing must be prevented in cold weather. Should leaks occur when 
the pipe is being tested, release the pressure immediately and repair the leak prior 
to retesting. When draining the system after the test, all the high points should 
be vented to prevent vacuum damage in systems not rated for a full vacuum oper- 
ation. 

Fiberglass downhole tubing requires some special precautions because the exte- 
rior of the pipe or tubing is normally pressurized with annular testing. If the tubing 
has a packer on the bottom of the strain, which is normal, the annular test pressure 
can increase the tensile load on the tubing if the packer moves. The combination 
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of the annular test pressure and any fluid differential pressure must not exceed the 
external pressure rating of the tubing. 


AIR TESTING 


A hydrostatic test should be used instead of air or compressed gas pressure tests 
if possible. When air or compressed gas is used for testing, tremendous amounts 
of energy can be stored in the system. Many fiberglass pipe manufactures do not 
recommend air testing. If a failure occurs, the energy may be released catastrophi- 
cally, which can result in property damage and personal injury. In cases where 
system contamination or fluid weight prevents the use of hydrostatic testing, air 
testing may be used with extreme caution. To reduce the risk of air testing, pressurize 
the system to no more than 15 psi (103.5 kPa). When pressurizing the system with 
air or compressed gas, the area surrounding the piping must be cleared of personnel 
to prevent injury. Hold air pressure for 1 hour, then reduce the pressure to one- 
half the original pressure. Personnel can then enter the area to perform a soap test 
of all joints. Again, extreme caution must be exercised during air testing to prevent 
property damage or personal injury. 


SAMPLE SPECIFICATION FOR STANDARD WALL EPOXY 
FIBERGLASS PROCESS PIPING SYSTEMS 


10 SCOPE 


1.1 This specification covers requirements for machine-made NPS1 through NPS16 
diameter fiberglass reinforced epoxy thermosetting resin processing piping for chemi- 
cal petroleum, and industrial applications. 


2.0 REFERENCED STANDARDS 


21 ASTM D 1599 Standard Test Method for Short-Time Hydraulic Failure Pressure 
of Plastic Pipe, Tubing, and Fittings. 


2.2 ASTM D 2105 Standard Test Method for Longitudinal Tensile Properties of 
“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe 
and Tube. 


2.3 ASTM D 2412 Standard Test Method for Determination of External Loading 
Characteristics of Plastic Pipe by Parallel-Plate Loading. 


2.4 ASTM D 2992 Standard Practice for Obtaining Hydrostatic or Pressure Design 
Basis for “Fiberglass” (Glass-Fiber-Reinforced Thermosetting- 
Resin) Pipe and Tube. 


2.5 ASTM D 2996 Standard Specification for Filament Wound “Fiberglass” (Glass- 
Fiber-Reinforced Thermosetting-Resin) Pipe. 

2.6 ASTM D 2997 Standard Specification for Centrifugal Cast “Fiberglass” (Glass- 
Fiber-Reinforced Thermosetting-Resin) Pipe. 


2.7 ASTM D 3567 Standard Practice for Determining Dimensions of “Fiberglass” 
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe and 
Fittings. 

2.8 ASME B31.3 Process Piping. 
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3.0 PIPE 


3.1 The pipe shall be manufactured from epoxy resin to meet or exceed one of the fol- 
lowing ASTM Standard Specifications for “Fiberglass” Pipe: 


Manufacturing Method ASTM Designation Designation Code* 
A. Filament Wound ASTM D 2996 RTRP 11FF1-3122 
B. Centrifugal Cast ASTM D 2997 RTRP 21CW-4252 


* Typical Designation Code May vary with product selected. 
3.2 The pipe shall have a minimum 30 mil** thick epoxy resin liner as determined 
per ASTM D-3567. The liner shall have a minimum 65 percent by weight resin content. 


** Liner thickness may vary by application. 


3.3 The pipe shall have a minimum reinforced wall thickness per Table 1. Reinforced 
wall thickness shall be determined per ASTM D 3567. The reinforced wall shall 
have a minimum 45 percent by weight continuous glass roving content. Only epoxy 
resin shall be used in the reinforced wall. 


TABLE 1 


Nominal size 
NPS (DN) 


in (mm) 


**** The reinforced wall may vary by application. 


40 FITTINGS AND ADHESIVE 


4.1] The pipe, fittings, and adhesive shall be produced by the same manufacturer. The 
piping, including joining method, shall have been commercially available from the 
manufacturer for a minimum of 5 years. 

4.2 The piping system, including pipe, fittings, and joints, shall have a minimum pres- 
sure rating of 150 psig (1035 kPa) at 200°F (93°C). (Pressure and Temperature rat- 
ing may vary by application.) 


5.0 QUALITY ASSURANCE 

5.1 Inspection for shipping damage shall be performed at the job site prior to piping in- 
stallation. Damaged pipe and fittings shall not be used. 

6.0 INSTALLATION 
Installation, including joining, burial, anchoring, guiding, and supporting, shall be 
per the manufacturer's recommendations. 

70 | FABRICATOR CERTIFICATION 


All fiberglass piping field joints shall be made by fabricators who have been certified 
by the piping manufacturer. Certification by the manufacturer shall be in compli- 
ance with ASME B31.3 section A328. for the type of joint being made. 
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SAMPLE SPECIFICATION FOR STANDARD WALL VINYL 
ESTER FIBERGLASS PROCESS PIPING SYSTEMS 


10 SCOPE 


1.1 This specification covers requirements for machine-made NPS 1 through NPS 16 
diameter fiberglass reinforced vinyl ester thermosetting resin process piping for 
chemical petroleum, and industrial applications. 


20 | REFERENCED STANDARDS 


2.1 ASTM D 1599 Standard Test Method for Short-Time Hydraulic Failure Pressure 
of Plastic Pipe, Tubing, and Fittings. 


2.2 ASTM D 2105 Standard Test Method for Longitudinal Tensile Properties of 
“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe 
and Tube. 


2.3 ASTM D 2412 Standard Test Method for Determination of External Loading 
Characteristics of Plastic Pipe by Parallel-Plate Loading. 


2.4 ASTM D 2992 Standard Practice for Obtaining Hydrostatic or Pressure Design 
Basis for “Fiberglass” (Glass-Fiber-Reinforced Thermosetting- 
Resin) Pipe and Tube. 


2.5 ASTM D 2996 Standard Specification for Filament Wound “Fiberglass” (Glass- 
Fiber-Reinforced Thermosetting-Resin) Pipe. 

2.6 ASTM D 2997 Standard Specification for Centrifugal Cast “Fiberglass” (Glass- 
Fiber-Reinforced Thermosetting-Resin) Pipe. 

2.7 ASTM D 3567 Standard Practice for Determining Dimensions of “Fiberglass” 
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe and Fittings. 


2.8 ASME B31.3 Process Piping. 


3.0 PIPE 


3.1 The pipe shall be manufactured from vinyl ester resin to meet or exceed one of the 
following ASTM Standard Specifications for “Fiberglass” Pipe: 


Manufacturing Method ASTM Designation Designation Code* 
A. Filament Wound ASTM D 2996 RTRP 12EE1-2112 
B. Centrifugal Cast ASTM D 2997 RTRP 22BU-4222 


* Typical Designation Code May vary with product selected. 
3.2 The pipe shall have a minimum 50 mil** thick vinyl ester resin liner as determined per 
ASTM D 3567. The liner shall have a minimum 65 percent by weight resin content. 


** Liner thickness may vary by application. 


3.33 The pipe shall have a minimum reinforced wall thickness per Table 1. Reinforced 
wall thickness shall be determined per ASTM D 3567. The reinforced wall shall 
have a minimum 45 percent by weight continuous glass roving content. Only vinyl 
ester resin shall be used in the reinforced wall. 


TABLE 1 


Nominal size 
NPS (DN) 


Reinforced wall*** 
in (mm) 


**** The reinforced wall may vary by application. 
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40 FITTINGS AND ADHESIVE 


4.1 The pipe, fittings, and adhesive shall be produced by the same manufacturer. The 
piping, including joining method, shall have been commercially available from the 
manufacturer for a minimum of 5 years. 


4.2 The piping system, including pipe, fittings, and joints, shall have a minimum pres- 
sure rating of 150 psig (1035 kPa) at 175°F (79°C). (Pressure and Temperature rat- 
ing may vary by application.) 

5.0 QUALITY ASSURANCE 

5.1 Inspection for shipping damage shall be performed at the job site prior to piping in- 
stallation. Damaged pipe and fittings shall not be used. 

6.0 INSTALLATION 
Installation, including joining, burial, anchoring, guiding, and supporting, shall be 
per the manufacturer's recommendations. 

70 | FABRICATOR CERTIFICATION 


All fiberglass piping field joints shall be made by fabricators who have been certified 
by the piping manufacturer. Certification by the manufacturer shall be in compli- 
ance with ASME B31.3 section A328. for the type of joint being made. 


GLOSSARY 


Catalyst. The chemical added to vinyl ester resins which cause them to harden. 
Usually Methyl Ethyl Ketone Peroxide (MEKP). 


Centrifugal Casting. A process for making pipe in which resin and fiberglass are 
placed into the interior of a spinning rotary mold, forming the pipe through centrifu- 
gal force. 


Chopped Fiber. Continuous glass fibers cut into short (0.125 to 2.0 in or 3 to 50 
mm) lengths. 


Chopped Strand Mat. Coarse fabric sheets made from chopped strands randomly 
placed and held together by resin binders. 


Cure. The hardening of a thermoset resin system by the action of heat or chemi- 
cal action. 


Cure Time. The time it take for a resin system to reach full strength. 


Curing Agent. Any of a number of chemicals added to epoxy resin to cause it to 
harden. Aromatic amine curing agents are commonly used for high-temperature 
corrosion service. Anhydride cured epoxy resins are typically used for less strin- 
gent applications. 

Epoxy Resin. A thermosetting resin used in caustic, solvent, salt, and some acid so- 
lutions. 


Fabmat. A combination of woven roving and chopped strand mat held together 
with resin binders. Usually used for making contact molded fittings and butt 
weld joints. 
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Filament. A single fiber of glass (e.g., a monofilament). 
Gel Time. The time it takes for a resin system to harden so flow will not occur. 


Hardener. Any of a number of chemicals added to resin which cause hardening 
to occur. 


Liner. The resin-rich interior surface of the pipe or fitting. The liner provides the 
corrosion resistance for chemical service. 


Nexus. Porous surfacing mat of synthetic used to provide a resin-rich layer or liner. 


Novolac Resin. A premium epoxy vinyl ester resin used in a broad range of 
corrosive applications. 


Reinforcement. Typically fibers of glass used to provide strength and stiffness to 
a composite material. 


Resin. The polymer or plastic material used to bind the glass fibers together in 
fiberglass pipe and fittings. 


Roving. A collection of one or more strands of glass filaments. The typical form 
of glass fiber used in the manufacture of filament-wound pipe. 


Thermoset Resin. A resin cured by heat or chemical additives. Once cured, a 
thermoset resin cannot be remelted. 


Veil. Surfacing mat of porous fabric made from filaments. Used to provide a resin- 
rich layer or liner. 


Vinyl Ester Resin. A thermosetting resin used in strong acids, chlorine, and oxidiz- 
ing agents. 
Woven Roving. Coarse clothlike material made by weaving fiberglass roving. 
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TABLE E1.1 


Conversion Factors—Frequently Used U.S. Customary Units to SI Standard Units 


To convert To Multiply by To convert To Multiply by 

Acceleration Power 

Feet per sq second Meters per sq second 0.3048 Btu per second Watt 1054.350 
Area 

Square feet Square meters 0.09290304 Foot pounds per second Watt 1.355818 
Energy Horsepower Watt 746. 

Btu Joule 1055.06 Pressure 

Calorie Joule 4.19002 Atmosphere Newtons per sq meter 101325.0 

Foot pound Joule 1.355818 Bar Newtons per sq meter 100000. 

Watthour Joule 3600.355818 Kilogram per sq cm Newtons per sq meter 98066.50 
Force Pounds per sq in. Newtons per sq meter 6894.757 

Dyne Newton 0.00001 Torr (mm Hg 0°C) Newtons per sq meter 133.322 

Kilogram Newton 9.80665 

Pound Newton 4.448222 Viscosity 
Length Centipoise Newton second per meter 0.001 
Foot Meter 0.3048000 

Mile (U.S. statute) Meter 1609.344 Pounds per foot second Newton second per meter 1.488164 
Mass Volume 

Pound Kilogram 0.4535924 Cubic foot Cubic meter 0.02831685 

Slug Kilogram 14.59390 Gallon (U.S. liquid) Cubic meter 0.003785412 

Ton (2000 Ib) Kilogram 907.1847 


CONVERSION TABLES 


TABLE E1.2 Mass Equivalents 


To obtain >, 


E.5 


multiply |, Pound Ounce Ton 
by N (avdp) (avdp) Gram Kilogram Slug (short)* 
Pound (avdp) 1 16 453.6 0.4536 0.0310 0.0005 
Ounce (avdp) 0.0625 1 28.3495 0.0019 
Gram 0.0022 0.0353 1 0.001 68.5 E-5 
Kilogram 2.2046 35.274 1000 1 0.0685 0.0011 
Slug 32.174 514.784 1.459 E+4 14.5939 1 
Ton (short)* 2000 907.185 1 
* 1 short ton = 0.8926 long tons. 
1 short ton — 0.9072 metric tons. 
TABLE E1.3 Length Equivalents 
To obtain >, 
multiply |, Miles 
by ~N Inch Foot (statute) Millimeter Centimeter Meter Kilometer 
Inch 1 0.08333 25.4 2.54 0.0254 
Foot 12 1 304.8 30.48 0.3048 
Mile (statute) 63360 5280 1 1609.344 1.609344 
Millimeter 0.03937 0.003281 1 0.1 0.001 
Centimeter 0.3937 0.032808 10 1 0.01 
Meter 39.3701 3.28084 1000 100 1 0.001 
Kilometer 39,370 3280.8 0.62137 100,000 1000 1 
TABLE E1.4 Area Equivalents 
To obtain >, 
multiply |, Square Square Square Square Square 
by N inch foot Acre millimeter centimeter meter 
Square inch 1 0.006944 645.16 6.4516 0.00064516 
Square foot 144 1 2.2956 E-5 92903.04 929.0304 0.09290 
Acre 43560 1 4046.8564 
Square 0.00155 1 0.01 1 E-6 
millimeter 
Square 0.1550 0.001076 2.5 E-8 100 1 0.0001 
centimeter 
Square meter 1550.0031 10.76391 . 0.000247 1E+6 10,000 1 
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TABLE E1.5 Volume Equivalents 


To obtain >, 


multiply |, US. Imperial Cubic Cubic Cubic Barrel 
by ~ gallon gallon inch foot Liter meter (oil) 
U.S. gallon 1 0.83267 231 0.13368 3.7853 0.00378 0.02381 
Imperial gallon 1.2009 1 277.42 0.16054 4.5459 0.00455 0.02859 
Cubic inch 0.004329 0.003604 1 0.000579 0.0164 0.000016 0.00010 
Cubic foot 7.4805 6.2288 1728 1 28.316 0.02832 0.17813 
Liter 0.26418 0.21997 61.025 0.0353 1 0.001 0.00629 
Cubic meter 264.17 219.97 61023.74 35.3147 1000 1 6.2899 
Barrel (oil)* 42 34.977 9702.00 5.614 158.983 0.15876 1 


* The capacity of a barrel varies with industries as follows: 
1 barrel of beer = 31 USS. gallons 

1 barrel of wine = 31.5 U.S. gallons 

1 barrel of oil = 42 U.S. gallons 

1 barrel of whiskey = 45 U.S. gallons 


L3 


TABLE E1.6 Volumetric Flow Rate Equivalents 


Imperial U.S. million Barrel Barrel 
To obtain >, US. gallons gallons gallons Cubic feet Cubic meter Liter per (42 gallons) (42 gallons) 
multiply |, by \ per minute per minute per day per second per hour second per minute per day 
U.S. gallons per minute 1 0.8327 0.00144 0.00223 0.2271 0.0631 0.0238 34.286 
Imperial gallons per minute 1.201 1 0.00173 0.002676 0.2727 0.0758 0.02859 41.176 
U.S. million gallons per day 694.4 578.25 1 1.547 157.7 43.8 16.53 23810 
Cubic feet per second 448.83 373.7 0.646 1 101.9 28.32 10.686 15388 
Cubic meters per second 15850 13199 22.83 35.315 3600 1000 377.4 543447 
Cubic meters per minute 264.2 220 0.3804 0.5886 60.0 16.667 6.290 9058 
Cubic meters per hour 4.403 3.67 0.00634 0.00982 1 0.2778 0.1048 151 
Liter per seconds 15.85 13.20 0.0228 0.0353 3.60 1 0.3773 543.3 
Liter per minute 0.2642 0.220 0.000380 0.000589 0.060 0.0167 0.00629 9.055 
Barrel (42 gallons) per minute 42 34.97 0.0605 0.09357 9.5256 2.65 1 1440 
Barrel (42 gallons) per day 0.0292 0.0243 0.000042 0.000065 0.00662 0.00184 0.00069 1 
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TABLE E1.7 Density Equivalents 


Grams per Pounds Pounds Slugs Kilograms 
To obtain >, cubic per cubic per cubic per cubic per cubic 
multiply |, by \ centimeter inch foot foot meter 
Grams per cubic centi- 1 0.03613 62.42806 1.9403 1000 
meter 
Pounds per cubic inch 27.67991 1 1728 53.708 27679.905 
Pounds per cubic foot 0.01602 0.0005787 1 0.31081 16.01846 
Slugs per cubic foot 0.51538 0.0186 32.17 1 515.379 
Kilograms per cubic 0.001 3.6128E-5 0.06243 0.00194 1 


meter 
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TABLE E1.8 Pressure Equivalents 


To obtain >, Pounds Pounds Kilograms Kilograms Inches Foot Inches Millimeters Mega- 

multiply |, per square per square per square per square water water mercury mercury Pascal 
by N inch foot Atmosphere centimeter meter (68°F) (68°F) (32°F) (32°F) Bar (MPa) 

Pounds per 1 144 0.068046 0.070307 703.070 27.7276 2.310636 2.03602 51.71497 0.068947 0.006895 
square inch 

Pounds per 0.0069444 1 0.000473 0.000488 4.88242 0.1926 0.01605 0.014139 0.35913 0.000479 — 0.0000479 
square foot 

Atmosphere 14.696 2116.22 1 1.03323 10332.27 407.484 33.9570 29.9213 760 1.01325 0.101325 

Kilograms per 14.2233 2048.155 0.96784 1 10000. 394.38 32.8650 28.959 735.559 0.98067 . 0.098067 
square cen- 
timeter 

Kilograms per 0.001422 0.204768 — 0.0000968 0.0001 1 0.03944 0.003287 0.002896 0.073556 — 0.000098  0.0000098 
square meter 

Inches water 0.036065 5.1972 0.002454 0.00253 25.375 1 0.08333 0.073430 1.8651 0.002466 0.000249 
(68°F) 

Foot water 0.432781 62.3205 0.029449 0.03043 304.275 12 1 0.88115 22.3813 0.029839 — 0.0029839 
(68°F) 

Inches mer- 0.491154 70.7262 0.033421 0.03453 345.316 13.6185 1.1349 1 25.4 0.033864 — 0.0033864 
cury (32°F) 

Millimeters 0.0193368 2.78450 0.0013158 0.0013595 13.59509 0.53616 0.044680 0.03937 1 0.001333 — 0.0001333 
mercury 
(32°F) 

Bar 14.5038 2088.55 0.98692 1.01972 10197.2 402.156 33.5130 29.5300 750.062 1 0.10 

MPa 145.038 20885.5 9.8692 10.1972 101972.0 4021.56 335.130 295.300 7500.62 10.0 1 
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TABLE E1.9 Energy Equivalents 


To obtain >, Calorie Foot Horsepower Kilowatt Kilogram 
multiply |, by \ Btu* (gram)t pound hour Joule hour meter 
Btu 1 251.8 778.169 0.000393 1055.06 0.000293 107.586 
Calorie (gram)t 0.00397 1 3.08596 1.56 E-6 4.184 116 E-6 0.426649 
Foot pound 0.00129 0.32405 1 5.05 E-7 1.35582 3.77 E-7 0.13825 
Horsepower hour 2544.5 641616 1.98 E+6 1 2.68 E+6 0.7457 273745 
Joule 0.00095 0.2390 0.73756 312 By 1 2.77 E-7 0.102 
Kilowatt hour 3412.97 860421 2.65 E+6 1.34102 3.6 E+6 1 367098 
Kilogram meter 0.00929 2.344 7.233 3.65 E-6 9.807 2.72 E-6 1 


* Based on 1 Btu = 778.169 ft-lb. 
+ Based on 1 Cal = 4.1840 joules. 


TABLE E1.10 Power Equivalents* 


To obtain >, Foot pound Btu per 
multiply |, by \ Horsepower per second Watt hour 
Horsepower 1 550 745.7 2544 
Foot pound per second 0.00182 1.3558 4.626 
Watt 0.00134 0.7376 1 3.412 
Btu per hour 0.00039 0.2161 0.2931 1 
* Based on 1 Btu = 778.169 ft-lb. 
TABLE E1.11 Conversion Factors for Thermal Conductivity, k 
To obtain >, Watt/ Cal/ Btu/ Btu: in/ 
multiply |, by v m-°K (s: cm-?K) (h- ft-°R) (h ft?-°R) 
W/m: °K 1 0.0022901 0.57818 6.9381 
W/cm -°K 100 0.23901 57.818 693.81 
W/ft -°R 5.9055 0.014114 3.4144 40.973 
W/in-°R 70.866 0.16937 40.973 491.68 
cal/(s: cm -?K) 418.4 1 241.91 2902.9 
cal/(s-in-°R) 296.50 0.70866 171.43 2057.2 
kcal/(h -m -^K) 1.1622 0.0027778 0.67197 8.0636 
Btu/(s- ft-°R) 6226.5 14.882 3600 43200 
Btu/(s-in-°R) 7417 E+4 178.58 43200 5.184 E+5 
Btu - in/(s- ft?-°R) 518.87 1.2401 300 3600 
Btu/(h - ft-°R) 1.7296 0.0041338 1 12 
Btu/(h-in-°R) 20.755 0.049605 12 144 
Btu in/(h- ft?-°R) 0.14413 0.00034448 0.083333 1 
Ib - ft/(h - ft -°R) 0.0022241 5.3157 E—6 0.0012859 0.015431 
TABLE E1.12 Prefix Names of Multiples and Submultiples of Units 
Exponential 
Prefix Measure Decimal equivalent expression 
Alto one-quintillionth 0.000 000 000 000 000 001 E-18 
Femto one-quadrillionth 0.000 000 000 000 001 E-15 
Pico one-trillionth 0.000 000 000 001 E-12 
Nano one-billionth 0.000 000 001 E-9 
Micro one-millionth 0.000 001 E-6 
Milli one-thousandth 0.001 E-3 
Centi one-hundredth 0.01 E-2 
Deci one-tenth 0.1 E-1 
Uni one 1.0 E0 
Deka ten 10.0 E+1 
Hecto one hundred 100.0 E+2 
Kilo one thousand 1 000.0 E+3 
Mega one million 1 000 000.0 E+6 
Giga one billion 1 000 000 000.0 E+9 
Tera one trillion 1 000 000 000 000.0 E+12 
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TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) 


Nominal Ft Ft Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 

diam. (in) | a b c (in) (in) (in?) (i) | perft | perft | (Ib)t (Ib) (in*) (in?) (in) (in?) 
5S 0.065 0.710 | 0.396 | 0.158 0.220 | 0.186 0.538 0.171 0.012 0.029 0.275 0.039 

Ade ... | 108 0.083 0.674 | 0.357 | 0.197 0.220 | 0.177 0.671 0.155 0.014 0.034 0.269 0.048 

L^ 40 | Std | 40S 0.109 0.622 | 0.304 | 0.250 0.220 | 0.163 0.851 0.132 0.017 0.041 0.261 0.059 
0.840 80 | XS | 80S 0.147 0.546 | 0.234 | 0.320 0.220 | 0.143 1.088 0.101 0.020 0.048 0.251 0.072 
160 | ... 0.187 0.466 | 0.171 | 0.383 0.220 | 0.122 1.304 0.074 0.022 0.053 0.240 0.082 

XXS | ... 0.294 0.252 | 0.050 | 0.504 0.220 | 0.066 1.714 0.022 0.024 0.058 0.220 0.096 

5S 0.065 0.920 | 0.665 | 0.201 0275 | 0.241 0.684 0.288 0.025 0.047 0.349 0.063 

Mu ... | 108 0.083 0.884 | 0.614 | 0.252 0.275 | 0231 0.857 0.266 0.030 0.057 0.343 0.078 

9A 40 | Std | 40S 0.113 0.824 | 0.533 | 0.333 0.275 | 0.216 1.131 0.230 0.037 0.071 0.334 0.100 
1.050 80 | XS | 80S 0.154 0.742 | 0.432 | 0.435 0.275 | 0.194 1.474 0.188 0.045 0.085 0.321 0.125 
160 | ... 0.218 0.614 | 0.296 | 0.570 0.275 | 0.161 1.937 0.128 0.053 0.100 0.304 0.154 

XXS | ... 0.308 0.434 | 0.148 | 0.718 0.275 | 0.114 2.441 0.064 0.058 0.110 0.284 0.179 

5S 0.065 1.185 | 1.103 | 0.2553 | 0.344 | 0.310 0.868 0.478 0.0500 0.0760 0.443 0.102 

As ... | 10S 0.109 1.097 | 0.945 | 0.413 0.344 | 02872 | 1.404 0.409 0.0757 0.1151 0.428 0.159 

1 40 | Std | 40S 0.133 1.049 | 0.864 | 0.494 0.344 | 0.2746 | 1.679 0.374 0.0874 0.1329 0.421 0.187 
1.315 80 | XS | 80S 0.179 0.957 | 0.719 | 0.639 0.344 | 0.2520 | 2.172 0.311 0.1056 0.1606 0.407 0.233 
160 | ... 0.250 0.815 | 0.522 | 0.836 0.344 | 0.2134 | 2.844 0.2261 0.1252 0.1903 0.387 0.289 

XXS | ... 0.358 0.599 | 0.2818 | 1.076 0.344 | 0.1570 | 3.659 0.1221 0.1405 0.2137 0.361 0.343 

5S 0.065 1.770 | 2.461 | 0.375 0.497 | 0.463 1274 1.067 0.1580 0.1663 0.649 0.219 

ra ... | 108 0.109 1.682 | 2[222 | 0.613 0.497 | 0.440 2.085 0.962 0.2469 0.2599 0.634 0.350 

1% 40 | Std | 40S 0.145 1.610 | 2.036 | 0.799 0.497 | 0.421 2.718 0.882 0.310 0.326 0.623 0.448 
1.900 80 | XS | 80S 0.200 1.500 | 1.767 | 1.068 0.497 | 0.393 3.631 0.765 0.391 0.412 0.605 0.581 
160 | ... 0.281 1.338 | 1.406 | 1.429 0.497 | 0.350 4.859 0.608 0.483 0.508 0.581 0.744 

XXS |... 0.400 1.100 | 0.950 | 1.885 0.497 | 0.288 6.408 0.412 0.568 0.598 0.549 0.921 

5S 0.065 2.245 | 3.96 0.472 0.622 | 0.588 1.604 1.716 0.315 0.2652 0.817 0.347 

M ... | 10S 0.109 2.157 | 3.65 0.776 0.622 | 0.565 2.638 1.582 0.499 0.420 0.802 0.560 

2 40 | Std | 40S 0.154 2.067 | 3.36 1.075 0.622 | 0.541 3.653 1.455 0.666 0.561 0.787 0.761 
2.375 80 | XS | 80S 0.218 1.939 | 2.953 | 1.477 0.622 | 0.508 5.022 1.280 0.868 0.731 0.766 1.018 
160 | ... 0.343 1.689 | 2.240 | 2.190 0.622 | 0.422 7.444 0.971 1.163 0.979 0.729 1.430 

XXS 0.436 1.503 | 1.774 | 2.656 0.622 | 0.393 9.029 0.769 1.312 1.104 0.703 1.667 


TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 


Nominal Ft’ Ft Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 
diam. (in) | a | b | c | (in) (in) (in?) (in?) perft | perft (Ib)t (Ib) (in*) (in?) (in) (in?) 

5S 0.083 3.334 8.73 | 0.891 | 0.916 0.873 3.03 3.78 1.301 0.744 1.208 0.969 

md ... | 10S 0.120 3.260 835 | 1.274 | 0.916 0.853 4.33 3.61 1.822 1.041 1.196 1.372 

3 40 | Std | 40S 0.216 3.068 7.39 | 2228 | 0.916 0.803 7.58 3.20 3.02 1.724 1.164 2.333 
3.500 80| XS | 80S 0.300 2.900 6.61 | 3.02 0.916 0.759 10.25 2.864 3.90 2.226 1.136 3.081 
160 | ... bos 0.437 2.626 542 | 421 0.916 0.687 14.32 2.348 5.03 2.876 1.094 4.128 

XXS | ... 0.600 2.300 415 | 5.47 0.916 0.602 18.58 1.801 5.99 3.43 1.047 5.118 

5S 0.083 4.334 | 14.75 | 1.152 | 1.178 1.135 3.92 6.40 2.811 1.249 1.562 1.620 

n ... | 10S 0.120 4.260 | 1425 | 1.651 | 1.178 1.115 5.61 6.17 3.96 1.762 1.549 2.303 

4 40 | Std | 40S 0.237 4.026 | 12.73 | 3.17 1.178 1.054 10.79 5.51 7.23 321 1.510 4.312 
4.500 80 | XS | 80S 0.337 3.826 | 11.50 | 4.41 1.178 1.002 14.98 4.98 9.61 4.27 1.477 5.853 

i 120 | ... pie 0.437 3.626 | 10.33 | 5.58 1.178 0.949 18.96 4.48 11.65 5.18 1.445 7.242 
160 | ... Ps 0.531 3.438 928 | 6.62 1.178 0.900 22.51 4.02 13.27 5.90 1.416 8.415 

XXS | ... 0.674 3.152 7.80 | 8.10 1.178 0.825 27.54 3.38 15.29 6.79 1.374 9.968 


5S 0.109 6.407 | 32.2 2.231 | 1.734 1.677 5.37 13.98 11.85 3.58 2.304 4.628 
en E 10S 0.134 6.357 | 31.7 2.733 | 1.734 1.664 9.29 13.74 14.40 4.35 2.295 5.647 
40 | Std | 40S 0.280 6.065 | 28.89 5.58 1.734 1.588 18.97 12.51 28.14 8.50 2.245 11.280 


6 = 80, XS 80S 0.432 5.761 | 26.07 8.40 1.734 1.508 28.57 11.29 40.5 12.23 2.195 16.600 
` 120 "es eg 0.562 5.501 | 23.77 | 10.70 1.734 1.440 36.39 10.30 49.6 14.98 2.153 20.718 
160 sce send 0.718 5.189 | 21.15 | 13.33 1.734 1.358 45.30 9.16 59.0 17.81 2.104 25.176 

XXS | ... 0.864 4.897 | 18.83 | 15.64 1.734 1.282 53.16 8.17 66.3 20.03 2.060 28.890 

5S 0.109 8.407 | 55.5 2.916 | 2.258 2.201 9.91 24.07 26.45 6.13 3.01 7.905 

dus Pes 10S 0.148 8.329 | 54.5 3.94 2.258 2.180 13.40 23.59 35.4 8.21 3.00 10.636 

20 rs S 0.250 8.125 | 51.8 6.58 2.258 2.127 22.36 22.48 57.7 13.39 2.962 17.540 

30 ee det 0.277 8.071 | 51.2 7.26 2.258 2.113 24.70 22.18 63.4 14.69 2.953 19.311 

40 | Std | 40S 0.322 7.981 | 50.0 8.40 2.258 2.089 28.55 21.69 72.5 16.81 2.938 22.210 

8 60 ee ore 0.406 7.813 | 47.9 10.48 2.258 2.045 35.64 20.79 88.8 20.58 2.909 27.448 
8.625 80, XS 80S 0.500 7.625 | 45.7 12.76 2.258 1.996 43.39 19.80 105.7 24.52 2.878 33.050 
100 —- one 0.593 7.439 | 43.5 14.96 2.258 1.948 50.87 18.84 121.4 28.14 2.847 38.326 

120 ep cas 0.718 7.189 | 40.6 17.84 2.258 1.882 60.63 17.60 140.6 32.6 2.807 45.013 

140 — es 0.812 7.001 | 38.5 19.93 2.258 1.833 67.76 16.69 153.8 35.7 2.777 49.745 

XXS | ... 0.875 6.875 | 37.1 21.30 2.258 1.800 72.42 16.09 162.0 37.6 2.757 52.778 


160 nis boe 0.906 6.813 | 365 | 21.97 2.258 1.784 74.69 15.80 165.9 38.5 2.748 54.230 


9L3 


TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 
Nominal Ft’ Ft Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 
diam. (in) | a b c (in) (in) (in?) (in?) | perft | perft | (Ib)t (Ib) (in*) (in?) (in) (in?) 
5S 0.134 10.482 | 863 4.52 | 2.815 2.744 15.15 37.4 63.7 11.85 3.75 15.103 
sse 10S 0.165 10.420 | 85.3 5.49 | 2.815 2.728 18.70 36.9 76.9 14.30 3.74 18.489 
20 0.250 10.250 | 82.5 8.26 | 2.815 2.683 28.04 35.8 113.7 21.16 3.71 27.568 
Dé: 0.279 10.192 | 81.6 9.18 | 2.815 2.668 31.20 35.3 125.9 23.42 3.70 30.597 
30 | ... m 0.307 10.136 | 80.7 | 10.07 | 2.815 2.654 3424 35.0 137.5 25.57 3.69 33.490 
10 40 | Std | 40S 0.365 10.020 | 78.9 | 11.91 | 2.815 2.623 40.48 34.1 160.8 29.90 3.67 39.381 
10.750 60 | XS | 80S 0.500 9.750 | 74.7 | 1610 | 2.815 2.553 54.74 32.3 212.0 39.4 3.63 52.573 
80 0.593 9.564 | 71.8 | 1892 | 2.815 2.504 64.33 31.1 244.9 45.6 3.60 61.246 
100 0.718 9.314 | 681 | 22.63 | 2.815 2.438 76.93 29.5 286.2 532 3.56 72.384 
120 0.843 9.064 | 64.5 | 2624 | 2.815 2.373 89.20 28.0 324 60.3 3.52 82.939 
140 1.000 8.750 | 60.1 | 30.6 2.815 2.291 | 104.13 26.1 368 68.4 3.47 95.396 
160 T 1.125 8.500 | 56.7 | 34.0 2.815 2.225 | 115.65 24.6 399 74.3 3.43 104.695 
5S 0.156 12.438 | 121.4 6.17 | 3.34 3.26 20.99 52.7 122.2 19.20 4.45 24.744 
vet 10S 0.180 12.390 | 120.6 711 | 3.34 3.24 24.20 52.2 140.5 22.03 4.44 28.443 
20 0.250 12.250 | 117.9 9.84 | 3.34 3.21 33.38 51.1 191.9 30.1 4.42 39.068 
30 | ... e 0.330 12.000 114.8 | 12.88 | 3.34 3.17 43.77 49.7 248.5 39.0 4.39 50.917 
... | Std | 40S 0.375 12.000 | 113.1 | 14.58 | 3.34 3.14 49.56 49.0 279.3 43.8 4.38 57.445 
12 40 | ... € 0.406 11.938 | 111.9 | 15.74 | 3.34 3.13 53.53 48.5 300 47.1 4.37 61.886 
12.750 ... | XS | 80S 0.500 11.750 | 108.4 | 1924 | 3.34 3.08 65.42 47.0 362 56.7 4.33 75.073 
` 60 0.562 11.626 | 106.2 | 21.52 | 3.34 3.04 73.16 46.0 401 62.8 4.31 83.543 
80 0.687 11.376 | 101.6 | 26.04 | 3.34 2.978 88.51 44.0 475 74.5 4.27 100.078 
100 0.843 11.064 | 96.1 | 31.5 3.34 2.897 | 107.20 41.6 562 88.1 4.22 119.717 
120 1.000 10.750 | 90.8 | 36.9 3.34 2.814 | 125.49 39.3 642 100.7 4.17 138.396 
140 1.125 10.500 | 86.6 | 41.1 3.34 2.749 | 139.68 37.5 701 109.9 4.13 152.508 
160 1.312 10.126 | 80.5 | 47.1 3.34 2.651 | 160.27 34.9 781 122.6 4.07 172.399 


LV3 


TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 
Nominal Fr Ft Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 
diam. (in) | a b c (in) (in) (in?) (in?) per ft | per ft (Ib)t (Ib) (in*) (in?) (in) (in?) 
5S 0.156 13.688 | 147.20 | 6.78 3.67 3.58 23.0 63.7 162.6 23.2 4.90 29.900 
ia 10S 0.188 13.624 | 145.80 | 8.16 3.67 3.57 27.7 63.1 194.6 27.8 4.88 35.867 
10 0.250 13.500 | 143.1 | 10.80 3.67 3.53 36.71 62.1 255.4 36.5 4.86 47.271 
20 | ... 0.312 13.376 140.5 | 1342 3.67 3.50 45.68 60.9 314 44.9 4.84 58.467 
30 | Std 0.375 13.250 | 137.9 | 16.05 3.67 3.47 54.57 59.7 373 53.3 4.82 69.633 
40 | ... 0.437 13.126 1353 | 18.62 3.67 3.44 63.37 58.7 429 612 4.80 80.416 
XS 0.500 13.000 | 132.7 | 2121 3.67 3.40 72.09 57.5 484 69.1 4.78 91.167 
14 Js 0.562 12.876 | 130.2 | 23.73 3.67 3.37 80.66 56.5 537 76.7 4.76 101.545 
14.000 60 0.593 12.814 | 129.0 | 24.98 3.67 3.35 84.91 55.9 562 80.3 4.74 106.660 
: 0.625 12.750 | 127.7 | 26.26 3.67 3.34 8928 55.3 589 841 4.73 111.889 
TE 0.687 12.626 | 125.2 | 28.73 3.67 3.31 97.68 54.3 638 91.2 4.71 121.869 
80 0.750 12.500 | 122.7 | 31.2 3.67 3.27 106.13 53.2 687 98.2 4.69 131.813 
rs 0.875 12.250 | 117.9 | 36.1 3.67 321 122.66 51.1 781 111.5 4.65 150.956 
100 0.937 12.126 | 115.5 | 38.5 3.67 3.17 130.73 50.0 825 117.8 4.63 160.166 
120 1.093 11.814 | 109.6 | 443 3.67 3.09 150.67 47.5 930 132.8 4.58 182.519 
140 1.250 11.500 | 103.9 | 50.1 3.67 3.01 170.22 45.0 1127 146.8 4.53 203.854 
160 coe 1.406 11.188 | 98.3 | 55.6 3.67 2.929 | 189.12 42.6 1017 159.6 4.48 223.931 
5S 0.165 15.670 | 192.90 | 821 4.19 4.10 28.00 83.5 257 322 5.60 41.375 
m 10S 0.188 15.624 | 191.7 9.34 4.19 4.09 32.00 83.0 292 36.5 5.59 47.006 
10 0.250 15.500 | 188.7 | 12.37 4.19 4.06 42.05 81.8 384 48.0 5.57 62.021 
20 | ... 0.312 15.376 | 185.7 | 15.38 4.19 4.03 52.36 80.5 473 592 5.55 76.798 
30 | Std 0.375 15.250 | 182.6 | 18.41 4.19 3.99 62.58 79.1 562 70.3 5.53 91.570 
FONES 0.437 15.126 | 179.7 | 21.37 4.19 3.96 72.64 77.9 648 80.9 5.50 105.872 
40 | XS 0.500 15.000 | 176.7 | 24.35 4.19 3.93 82.77 76.5 732 91.5 5.48 120.167 
0.562 14.876 173.8 | 2726 4.19 3.89 92.66 75.4 813 106.6 5.46 134.002 
16 "T 0.625 14.750 | 170.9 | 302 4.19 3.86 102.63 74.1 894 112.2 5.44 147.826 
16.000 60 0.656 14.688 | 169.4 | 31.6 4.19 3.85 107.50 73.4 933 116.6 5.43 154.542 
0.687 14.626 | 168.0 | 33.0 4.19 3.83 112.36 72.7 971 121.4 5.42 161.201 
wie 0.750 14.500 | 165.1 | 35.9 4.19 3.80 122.15 71.5 1047 130.9 5.40 174.563 
80 0.843 14.314 | 160.9 | 40.1 4.19 3.75 136.46 69.7 1157 144.6 5.37 193.866 
ies 0.875 14.250 | 159.5 | 41.6 4.19 3.73 141.35 69.1 1193 154.1 5.36 200.393 
100 1.031 13.938 |152.5 | 48.5 4.19 3.65 164.83 66.1 1365 170.6 5.30 231.383 
120 1.218 13.564 | 144.5 | 56.6 4.19 3.55 192.29 62.6 1556 194.5 5.24 266.745 
140 1.437 13.126 | 135.3 | 65.7 4.19 3.44 223.64 58.6 1760 220.0 5.17 305.750 
160 1.593 12.814 | 129.0 | 72.1 4.19 3.35 245.11 55.9 1894 236.7 5.12 331.993 
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TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 
Nominal Ft Fr Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 
diam. (in) | a b c (in) (in) (in?) (i$) | perft | per ft (Ib)t (Ib) (in*) (in?) (in) (in?) 
5S 0.165 17.670 24520 | 924 4.71 4.63 31.00 106.2 368 40.8 6.31 52.486 
E 10S 0.188 17.624 | 243.90 | 10.52 4.71 4.61 36.00 105.7 417 46.4 6.30 59.649 
10 0.250 17.500 | 240.5 | 13.94 4.71 4.58 47.39 104.3 549 61.0 6.28 78.771 
20 | ... 0.312 17.376 2371 | 1734 4.71 4.55 59.03 102.8 678 75.5 6.25 97.624 
. | Std 0.375 17.250 233.7 | 20.76 4.71 4.52 70.59 101.2 807 89.6 6.23 116.508 
30 | ... 0.437 17.126 | 230.4 | 24.11 4.71 4.48 82.06 99.9 931 103.4 6.21 134.824 
e] XS 0.500 17.000 | 227.0 | 27.49 4.71 4.45 93.45 98.4 1053 117.0 6.19 153.167 
18 40 0.562 16.876 | 223.7 | 30.8 4.71 4.42 104.75 97.0 1172 130.2 6.17 170.954 
18.000 0.625 16.750 | 220.5 | 34.1 4.71 4.39 115.98 95.5 1289 143.3 6.15 188.763 
ika 0.687 16.626 2171 | 374 4.71 4.35 127.03 94.1 1403 156.3 6.13 206.029 
60 0.750 16.500 | 213.8 | 40.6 4.71 4.32 138.17 92.7 1515 168.3 6.10 223.313 
T 0.875 16.250 | 207.4 | 47.1 4.71 4.25 160.04 89.9 1731 192.8 6.06 256.831 
80 0.937 16.126 | 204.2 | 50.2 4.71 4.22 170.75 88.5 1834 203.8 6.04 273.078 
100 1.156 15.688 | 193.3 | 61.2 4.71 4.11 207.96 83.7 2180 242.2 5.97 328.496 
120 1.375 15.250 | 182.6 | 71.8 4.71 3.99 244.14 79.2 2499 277.6 5.90 380.904 
140 1.562 14.876 | 173.8 | 80.7 4.71 3.89 274.23 75.3 2750 306 5.84 423.335 
160 aor 1.781 14.438 | 163.7 | 90.7 4.71 3.78 308.51 71.0 3020 336 ST. 470.386 
5S 0.188 19.634 | 302.40 | 11.70 5.24 5.14 40 131.0 574 57.4 7.00 71.869 
i 10S 0.218 19.564 | 300.6 | 13.55 5.24 5.12 46 130.2 663 66.3 6.99 85.313 
10 0.250 19.500 | 298.6 | 15.51 5.24 5.11 52.73 129.5 757 75.7 6.98 97.521 
SS 0.312 19.376 | 294.9 | 19.30 5.24 5.07 65.40 128.1 935 93.5 6.96 120.947 
20 | Std 0.375 19.250 | 291.0 | 23.12 5.24 5.04 78.60 126.0 1114 111.4 6.94 144.445 
20 m 0.437 19.126 | 287.3 | 26.86 5.24 5.01 91.31 124.6 1286 128.6 6.92 167.273 
20.000 30 | XS 0.500 19.000 | 283.5 | 30.6 5.24 4.97 104.13 122.8 1457 145.7 6.90 190.167 
i ate 0.562 18.876 | 279.8 | 34.3 5.24 4.94 116.67 121.3 1624 162.4 6.88 212.403 
40 0.593 18.814 | 278.0 | 36.2 5.24 4.93 122.91 120.4 1704 170.4 6.86 223.412 
0.625 18.750 | 276.1 | 38.0 5.24 4.91 129.33 119.7 1787 178.7 6.85 234.701 
0.687 18.626 | 272.5 | 41.7 5.24 4.88 141.71 118.1 1946 194.6 6.83 256.354 
ae, 0.750 18.500 | 268.8 | 45.4 5.24 4.84 154.20 116.5 2105 210.5 6.81 278.063 
60 0.812 18.376 | 265.2 | 48.9 5.24 4.81 166.40 115.0 2257 225.7 6.79 299.140 
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TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 
Nominal Fe Ft Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius | section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 
diam. (in) | a b c (in) (in) (in?) (in?) per ft | per ft (Ib)t (Ib) (in*) (in) (in) (in?) 
ET 0.875 18.250 | 261.6 52.6 524 4.78 178.73 113.4 2409 240.9 6.77 320.268 
80 1.031 17.938 | 252.7 61.4 524 4.70 208.87 109.4 2772 277.2 6.72 371.343 
100 1.281 17.438 | 238.8 75.3 5.24 4.57 256.10 103.4 3320 332 6.63 449.564 
120 1.500 17.000 | 227.0 87.2 5.24 4.45 296.37 98.3 3760 376 6.56 514.500 
140 1.750 16.500 | 213.8 | 100.3 5.24 4.32 341.10 92.6 4220 422 6.48 584.646 
160 me 1.968 16.064 202.7 | 111.5 524 4.21 379.01 87.9 4590 459 6.41 642.442 
5S 0.188 21.624 | 367.3 | 12.88 | 5.76 5.66 44 159.1 766 69.7 7.71 89.446 
us 10S 0.218 21.564 | 365.2 | 14.92 | 5.76 5.65 51 158.2 885 80.4 7.70 103.435 
10| ... 0.250 21.500 | 363.1 17.16 | 5.76 5.63 58 157.4 1010 91.8 7.69 118.271 
20 | Std 0.375 21.250 | 354.7 | 2548 | 5.76 5.56 87 153.7 1490 135.4 7.65 175.383 
30 | XS 0.500 21.000 | 3464 | 33.77 | 5.76 5.50 115 150.2 1953 177.5 7.61 231.167 
2) 0.625 20.750 | 3382 | 41.997 5.76 5.43 143 146.6 2400 218.2 7.56 285.638 
22.000 ves 0.750 20.500 | 330.1 | 50.07 5.76 5.37 170 143.1 2829 257.2 7.52 338.813 
60 0.875 20.250 | 322.1 | 5807 | 5.76 5.30 197 139.6 3245 295.0 747 390.706 
80 1.125 19.750 | 3064 | 73.778 | 5.76 5.17 251 132.8 4029 366.3 7.39 490.711 
100 1.375 19.250 | 291.0 | 89.09] 5.76 5.04 303 126.2 4758 432.6 7.31 585.779 
120 1.625 18.750 | 2761 | 104.02] 5.76 4.91 354 119.6 5432 493.8 7.23 676.034 
140 1.875 18.250 | 261.6 | 118.55] 5.76 4.78 403 113.3 6054 550.3 7.15 761.602 
160 rat 2.125 17.750 | 2474 | 132.68 | 5.76 4.65 451 107.2 6626 602.4 7.07 842.607 
"T 5S 0.218 23.564 | 436.1 16.29 | 628 6.17 55 188.9 1152 96.0 8.41 123.301 
10 10S 0.250 23.500 | 434 18.65 | 628 6.15 63.41 188.0 1316 109.6 8.40 141.021 
SEU 0.312 23.376 | 430 2320| 628 6.12 78.93 186.1 1629 135.8 8.38 175.080 
20 | Std 0.375 23.250 | 425 27.83| 628 6.09 94.62 183.8 1943 161.9 8.35 209.320 
RP 0.437 23.126 | 420 32.4 6.28 6.05 109.97 182.1 2246 187.4 8.33 242.657 
... | XS 0.500 23.000 | 415 36.9 6.28 6.02 125.49 180.1 2550 212.5 8.31 276.167 
30 0.562 22.876 | 411 41.4 6.28 5.99 140.80 178.1 2840 237.0 8.29 308.788 
24 s 0.625 22.750 | 406 45.9 6.28 5.96 156.03 176.2 3140 2614 8.27 341.576 
24.000 40 0.687 22.626 | 402 50.3 6.28 5.92 171.17 174.3 3420 285.2 8.25 373.490 
TN 0.750 22.500 | 398 54.8 6.28 5.89 186.24 172.4 3710 309 8.22 405.563 
60 0.968 22.064 | 382 70.0 6.28 5.78 238.11 165.8 4650 388 8.15 513.800 
80 1.218 21.564 | 365 87.2 6.28 5.65 296.36 158.3 5670 473 8.07 632.768 
100 1.531 20.938 | 344 108.1 6.28 5.48 367.40 149.3 6850 571 7.96 774.131 
120 1.812 20.376 | 326 126.3 6.28 5.33 429.39 141.4 7830 652 7.87 894.044 
140 2.062 19.876 | 310 142.1 6.28 5.20 483.13 134.5 8630 719 7.79 995.313 
160 2.343 19.314 | 293 159.4 6.28 5.06 541.94 127.0 9460 788 7.70 1103.215 


0c3 


TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 
Nominal Ft Fr Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 
diam. (in) | a b € (in) (in) (in?) (in?) per ft | per ft (Ib)t (Ib) (in*) (in?) (in) (in?) 
m 0.250 25.500 | 510.7 | 19.85] 6.81 6.68 67 2214 1646 126.6 9.10 165.771 
10 nes 0.312 25.376 | 505.8 | 2518 | 6.81 6.64 86 219.2 2076 159.7 9.08 205.891 
... | Std 0.375 25.250 | 500.7 | 30.19] 6.81 6.61 103 217.1 2478 190.6 9.06 246.258 
26 20 | XS 0.500 25.000 | 490.9 | 40.06 6.81 6.54 136 212.8 3259 250.7 9.02 325.167 
26.000 0.625 24.750 | 481.1 | 49.82 | 6.81 6.48 169 208.6 4013 308.7 8.98 402.513 
0.750 24.500 | 471.4 | 59.49] 6.81 6.41 202 204.4 4744 364.9 8.93 478.313 
0.875 24.250 | 461.9 | 69.07 6.81 6.35 235 200.2 5458 419.9 8.89 552.581 
1.00 24.000 | 4524 | 7854 681 6.28 267 196.1 6149 473.0 8.85 625.333 
1.125 23.750 | 443.0 | 87.91 | 6.81 6.22 299 192.1 6813 524.1 8.80 696.586 
fat 0.250 27.500 | 594.0 | 21.80} 7.33 7.20 74 257.3 2098 149.8 9.81 192.521 
10 d 0.312 27.376 | 5886 | 2714 | 7.33 7.17 92 255.0 2601 185.8 9.78 239.197 
... | Std 0.375 27.250 | 583.2 | 32.54 | 7.33 7.13 111 252.6 3105 221.8 9.77 286.195 
28 20 | XS 0.500 27.000 | 572.6 | 4320 | 7.33 7.07 147 248.0 4085 291.8 9.72 378.167 
28.000 30 0.625 26.750 | 562.0 | 53.75 | 7.33 7.00 183 243.4 5038 359.8 9.68 468.451 
0.750 26.500 | 551.6 | 6421 | 7.33 6.94 218 238.9 5964 426.0 9.64 557.063 
0.875 26.250 | 541.2 | 74.56 | 7.33 6.87 253 234.4 6865 490.3 9.60 644.018 
1.000 26.000 | 530.9 | 84.82 | 7.33 6.81 288 230.0 7740 552.8 9.55 729.333 
A 1.125 25.750 | 520.8 | 94.98 | 7.33 6.74 323 225.6 8590 613.6 9.51 813.023 
ni 5S 0.250 29.500 | 683.4 | 23.37 7.85 7.72 79 296.3 2585 172.3 10.52 221.271 
10 ... | 10S 0.312 29.376 | 677.8 | 29.19 | 7.85 7.69 99 293.7 3201 213.4 10.50 275.000 
... | Std 0.375 29.250 | 672.0 | 34.90 | 7.85 7.66 119 291.2 3823 254.8 10.48 329.133 
30 20 | XS 0.500 29.000 | 660.5 | 46.34] 7.85 7.59 158 286.2 5033 335.5 10.43 435.167 
30.000 30 0.625 28.750 | 649.2 | 57.68 | 7.85 7.53 196 281.3 6213 414.2 10.39 539.388 
i 40 0.750 28.500 | 637.9 | 6892 | 7.85 7.46 234 276.6 7371 491.4 10.34 641.813 
0.875 28.250 | 620.7 | 90.06 | 7.85 7.39 272 271.8 8494 566.2 10.30 742.456 
1.000 28.000 | 615.7 | 91.11 | 7.85 7.33 310 267.0 9591 639.4 10.26 841.333 
1.125 27.750 | 604.7 | 102.05 | 7.85 7.26 347 262.2 10653 710.2 10.22 938.461 
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TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 

Nominal Ft Ft’ Weight | Moment | Elastic Plastic 
pipe size, | Schedule number* Wall Inside | Inside | Metal | outside | inside | Weight | of water of section Radius section 
outside thickness | diam. | area area | surface | surface | per ft per ft inertia | modulus | gyration | modulus 

diam. (in | a b c (in) (in) (in) (in?) per ft | perft | (Ib) (Ib) (in?) (in?) (in) (im) 
e 0.250 31.500 | 779.2 | 24.93 8.38 825 85 337.8 3141 196.3 11.22 252.021 
10 gie 0.312 31.376 | 773.2 | 31.02 8.38 821 106 3352 3891 2432 11.20 313.299 
. | Std 0.375 31250 | 766.9 | 3725 8.38 8.18 127 332.5 4656 291.0 11.18 375.070 
20 | XS 0.500 31.000 | 754.7 | 49.48 8.38 8.11 168 327.2 6140 383.8 11.14 496.167 
32 30 0.625 30.750 | 742.5 | 61.59 8.38 8.05 209 321.9 7578 473.6 11.09 615.326 
32.000 40 0.688 30.624 | 736.6 | 67.68 8.38 8.02 230 319.0 8298 518.6 11.07 674.652 
0.750 30.500 | 730.5 | 73.63 8.38 7.98 250 316.7 8990 561.9 11.05 732.563 
0.875 30.250 | 7183 | 85.52 8.38 7.92 291 311.6 10372 648.2 11.01 847.893 
1.000 30.000 | 706.8 | 97.38 8.38 7.85 331 306.4 11680 730.0 10.95 961.333 
1.125 29.750 | 694.7 | 109.0 8.38 7.79 371 301.3 13023 814.0 10.92 1072.898 
ar 0.250 33.500 | 881.2 | 26.50 8.90 8.77 90 382.0 3773 221.9 11.93 284.771 
10 EN 0.312 33.376 | 874.9 | 32.99 8.90 8.74 112 379.3 4680 275.3 11.91 354.093 
2 | Std 0.375 33.250 | 867.8 | 39.61 8.90 8.70 135 376.2 5597 329.2 11.89 424.008 
20 | XS 0.500 33.000 | 855.3 | 52.62 8.90 8.64 179 370.8 7385 434.4 11.85 561.167 
34 30 0.625 32.750 | 841.9 | 65.53 8.90 8.57 223 365.0 9124 536.7 11.80 696.263 
34.000 40 0.688 32.624 | 835.9 | 72.00 8.90 8.54 245 362.1 9992 587.8 11.78 763.575 
0.750 32.500 | 829.3 | 78.34 8.90 8.51 266 359.5 10829 637.0 11.76 829.313 
0.875 32.250 | 816.4 | 91.01 8.90 8.44 310 354.1 12501 7354 11.72 960.331 
1.000 32.000 | 804.2 | 103.67 8.90 8.38 353 348.6 14114 830.2 11.67 1089.333 
1.125 31.750 | 791.3 | 116.13 8.90 8.31 395 3432 15719 924.7 11.63 1216.336 
"T 0.250 35.500 | 989.7 | 28.11 9.42 9.29 96 429.1 4491 249.5 12.64 319.521 
10 aor 0.312 35.376 | 982.9 | 34.95 9.42 9.26 119 426.1 5565 309.1 12.62 397.384 
. | Std 0.375 35.250 | 975.8 | 42.01 9.42 9.23 143 423.1 6664 370.2 12.59 475.945 
36 20 | XS 0.500 35.000 | 962.1 | 55.76 9.42 9.16 190 417.1 8785 488.1 12.55 630.167 
36.000 30 0.625 34.750 | 948.3 | 69.50 9.42 9.10 236 411.1 10872 604.0 12.51 782.201 
` 40 0.750 34.500 | 934.7 | 83.01 9.42 9.03 282 405.3 12898 716.5 12.46 932.063 
0.875 34.250 | 920.6 | 96.50 9.42 8.97 328 399.4 14903 827.9 12.42 1079.768 
1.000 34.000 | 907.9 | 109.96 9.42 8.90 374 393.6 16851 936.2 12.38 1225.333 
1.125 33.750 | 8942 | 123.19 9.42 8.89 419 387.9 18763 1042.4 12.34 1368.773 
es 0.250 41.500 | 1352.6 | 32.82 | 10.99 10.86 112 586.4 7126 339.3 14.73 435.771 
... | Std 0.375 41.250 | 1336.3 | 49.08 | 10.99 10.80 167 579.3 10627 506.1 14.71 649.758 
20 | XS 0.500 41.000 | 1320.2 | 65.18 | 10.99 10.73 222 572.3 14037 668.4 14.67 861.167 
42 30 0.625 40.750 | 1304.1 | 8128 | 10.99 10.67 276 565.4 17373 827.3 14.62 1070.013 
42.000 40 0.750 40.500 | 1288.2 | 97.23 | 10.99 10.60 330 558.4 20689 985.2 14.59 1276.313 
1.000 40.000 | 1256.6 | 128.81 | 10.99 10.47 438 544.9 27080 1289.5 14.50 1681.333 
1.250 39.500 | 1225.3 | 160.03 | 10.99 10.34 544 5312 33233 1582.5 14.41 2076.554 
1.500 39.000 | 1194.5 | 190.85 | 10.99 10.21 649 517.9 39181 1865.7 14.33 2461.500 
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TABLE E2.1 Principal Properties of Commercial Pipe (in U.S. Customary Units) (Continued) 


Notes: The following formulas were used in the computation of the values shown in the table: 
Weightt of pipe per foot (pounds) = 10.68021(D — t) 
Weight of water per foot (pounds) = 0.34054? 
Square feet outside surface per foot — 0.2618D 
Square feet inside surface per foot = 0.26184 


Inside area (square inches) = 0.785d? 
Area of metal (square inches) — 0.785(D? — d?) 
Moment of inertia (inches*) = 0.0491(D* — d?) 
= AnR 
4. 44 
Elastic section modulus (inches) = UL 
(D? - d) 


Plastic section modulus 


6 
Radius of gyration (inches) = 0.25V D? + d? 
Ay = area of metal (square inches) 
d = inside diameter (inches) 
D - outside diameter (inches) 
R, = radius of gyration (inches) 
t = pipe wall thickness (inches) 

* Schedule numbers: Standard weight pipe and Schedule 40 are the same in all sizes through 10 in; from 12 in 
through 24 in, standard weight pipe has a wall thickness of % in. Extra-strong weight pipe and Schedule 80 are the 
same in all sizes through 8 in; from 8 in through 24 in, extra-strong weight pipe has a wall thickness of 1⁄2 in. Double 
extra-strong weight pipe has no corresponding schedule number. 

a: ANSI/ASME B36.10 Steel Pipe Schedule Numbers. 

b: ANSI/ASME N36.10 Steel Pipe Nominal Wall Thickness Designations. 

c: ANSI/ASME B36.19 Stainless Steel Pipe Schedule Numbers. 

+ The ferritic stainless steels may be about 5 percent less and the austenitic stainless steels about 2 percent greater 
than the values shown in this table which are based on weights for carbon steel. 
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TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) 


d, D t d Ai An So Si Wp Wy I Le R; Zp 
Nom Outside Wall Inside Inside Metal Outside | Inside Pipe Water | Mom of Elast Rad Plast 
dia Schedule dia thick dia area area surf surf wt. wt. inert sec mod ofgyr | sec mod 
mm mm mm mm cm? cm? m/m m?/m kg/m kg/m cm! cm? cm cm? 
3 | 10S 10.3 | 1.2446 7.811 0.479 0.354 0.0324 | 0.0245 0.277 0.048 0.037 0.072 0.323 0.103 
Std 40 103 | 1.7272 6.846 0.368 0.465 0.0324 | 0.0215 0.364 0.037 0.044 0.086 0.309 0.129 
XS 80 103 | 2413 5.474 0.235 0.598 0.0324 | 0.0172 0.468 0.024 0.051 0.099 0.292 0.155 
6 | 10S 13.7 | 1.651 10.398 0.849 0.625 0.0430 | 0.0327 0.489 0.085 0.116 0.169 0.430 0.241 
Std 40 13.7 | 2235 9.23 0.669 0.805 0.0430 | 0.0290 0.630 0.067 0.137 0.200 0.413 0.298 
XS 80 13.7 | 3.023 7.654 0.460 1.014 0.0430 | 0.0240 0.794 0.046 0.156 0.228 0.392 0.354 
10 | 10S 17145 | 1.651 13.843 1.505 0.804 0.0539 | 0.0435 0.629 0.151 0.244 0.285 0.551 0.398 
Std 40 17145 | 2311 12.523 1.232 1.077 0.0539 | 0.0393 0.843 0.123 0.303 0.354 0.531 0.513 
XS 80 17.145 32 10.745 0.907 1.402 0.0539 | 0.0338 .098 0.091 0.359 0.418 0.506 0.633 
15 | 5S 21.336 | 1.651 18.034 2.554 1.021 0.0670 | 0.0567 0.799 0.255 0.498 0.467 0.698 0.641 
10S 21.336 | 2.108 17.12 2.302 1.273 0.0670 | 0.0538 0.997 0.230 0.596 0.558 0.684 0.782 
Std 40 21.336 | 2.769 15.798 1.960 1.615 0.0670 | 0.0496 265 0.196 0.71 0.667 0.664 0.962 
XS 80 21.336 | 3.734 13.868 1.510 2.065 0.0670 | 0.0436 617 0.151 0.836 0.783 0.636 1.174 
160 21.336 4.75 11.836 1.100 2.475 0.0670 | 0.0372 .938 0.110 0.92 0.863 0.610 1.342 
XXS 21.336 | 7.468 6.4 0.322 3.254 0.0670 | 0.0201 2.547 0.032 1.009 0.946 0.557 1.575 
20 | 5S 26.67 | 1.651 23.368 4.289 1.298 0.0838 | 0.0734 .016 0.429 1.020 0.765 0.886 1.035 
10S 26.67 | 2.108 22.454 3.960 1.627 0.0838 | 0.0705 273 0.396 1.236 0.927 0.872 1.275 
Std 40 26.67 2.87 20.93 3.441 2.146 0.0838 | 0.0658 .680 0.344 1.54 1.156 0.848 1.634 
XS 80 26.67 | 3.912 18.846 2.790 2.797 0.0838 | 0.0592 2.190 0.279 1.864 1.398 0.816 2.046 
160 26.67 | 5.537 15.596 1.910 3.676 0.0838 | 0.0490 2.878 0.191 2.193 1.645 0.772 2.529 
XXS 26.67 | 7.823 11.024 0.954 4.632 0.0838 | 0.0346 3.626 0.095 2.41 1.808 0.721 2.938 
25 | 5S 33.401 | 1.651 30.099 7.115 1.647 0.1049 | 0.0946 289 0.712 2.08 1.246 1.124 1.666 
10S 33.401 | 2.769 27.863 6.097 2.665 0.1049 | 0.0875 2.086 0.610 3.15 1.887 1.087 2.605 
Std 40 33.401 | 3.378 26.645 5.576 3.186 0.1049 | 0.0837 2.494 0.558 3.635 2.177 1.068 3.058 
XS 80 33.401 | 4.547 24.307 4.640 4.122 0.1049 | 0.0764 3227 0.464 4.396 2.632 1.033 3.817 
160 33.401 6.35 20.701 3.366 5.396 0.1049 | 0.0650 4.225 0.337 5.208 3.119 0.982 4.732 
XXS 33.401 | 9.093 15.215 1.818 6.944 0.1049 | 0.0478 5.436 0.182 5.846 3.501 0.918 5.624 
32 | 5S 42.164 | 1.651 38.862 11.862 2.101 0.1325 | 0.1221 1.645 1.186 4.318 2.048 1.434 2.711 
10S 42.164 | 2.769 36.626 10.536 3.427 0.1325 | 0.1151 2.683 1.054 6.681 3.169 1.396 4.305 
Std 40 42.164 | 3.556 35.052 9.650 4.313 0.1325 | 0.1101 3.377 0.965 8.104 3.844 1.371 5.316 
XS 80 42.164 | 4.851 32.462 8.276 5.686 0.1325 | 0.1020 4.452 0.828 10.063 4.773 1.330 6.792 
160 42.164 6.35 29.464 6.818 7.145 0.1325 | 0.0926 5.594 0.682 11.815 5.604 1.286 8.230 
XXS 42.164 | 9.703 22.758 4.068 9.895 0.1325 | 0.0715 7.147 0.407 14.198 6.734 1.198 10.529 
40 | 5S 48.26 | 1.651 44.958 15.875 2.418 0.1516 | 0.1412 1.893 1.587 6.573 2.724 1.649 3.588 
10S 48.26 | 2.769 42.722 14.335 3.957 0.1516 | 0.1342 3.098 1.433 10.275 4.258 1.611 5.737 
Std 40 48.26 | 3.683 40.894 13.134 5.158 0.1516 | 0.1285 4.038 1.313 12.899 5.345 1.581 7.335 
XS 80 48.26 5.08 38.1 11.401 6.891 0.1516 | 0.1197 5.395 1.140 16.283 6.748 1.537 9.516 


ves 


TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


D 


d 


S, 


Schedule 


Outside 
dia 


Inside 
dia 


Outside 
surf 


mm 


mm 


m?/m 


48.26 


33.986 


0.1516 


48.26 


27.94 


0.1516 


48.26 


21.59 


0.1516 


48.26 


16.51 


0.1516 


60.325 


57.023 


0.1895 


60.325 


54.787 


0.1895 


60.325 


52.501 


0.1895 


60.325 


49.251 


0.1895 


60.325 


42.901 


0.1895 


60.325 


38.177 


0.1895 


60.325 


31.775 


0.1895 


60.325 


25.425 


0.1895 


73.025 


68.809 


0.2294 


73.025 


66.929 


0.2294 


73.025 


62.713 


0.2294 


73.025 


59.005 


0.2294 


73.025 


53.975 


0.2294 


73.025 


44.983 


0.2294 


73.025 


38.735 


0.2294 


73.025 


32.385 


0.2294 


88.9 


84.684 


0.2793 


88.9 


82.804 


0.2793 


88.9 


71.928 


0.2793 


88.9 


73.66 


0.2793 


88.9 


66.7 


0.2793 


88.9 


58.42 


0.2793 


88.9 


52.07 


0.2793 


88.9 


45.72 


0.2793 


101.6 


97.384 


0.3192 


101.6 


95.504 


0.3192 


101.6 


90.12 


0.3192 


101.6 


85.446 


0.3192 


101.6 


69.292 


0.3192 


114.3 


110.084 


0.3591 


114.3 


108.204 


0.3591 


114.3 


104.75 


0.3591 
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TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


D 


So 


Ze 


Zp 


Schedule 


Outside 


Outside 


Elast 


Plast 
sec mod 


128.194 


129.070 


122.25 


117.379 


121.779 


115.9 


105.501 


151.595 


109.55 


94.257 


176.894 


103.2 


83.647 


198.155 


96.85 


73.670 


215.834 


90.5 


64.326 


230.357 


162.737 


208.000 


58.607 


161.467 


204.766 


71.232 


157.149 


193.961 


111.980 


154.051 


186.389 


139.219 


146.329 


168.171 


200.310 


139.725 


153.334 


245.426 


131.801 


136.436 


291.738 


124.383 


121.510 


328.151 


117.475 


108.388 


356.683 


111.125 


96.987 


378.829 


213.537 


358.127 


100.483 


211.557 


351.516 


134.563 


207.949 


339.629 


194.251 


206.375 


334.507 


219.336 


205.003 


330.074 


240.738 


202.717 


322.754 


275.456 


198.451 


309.313 


337.175 


193.675 


294.604 


401.708 


188.951 


280.407 


461.010 


182.601 


261.877 


534.012 


177.825 


248.357 


128.587 


100.671 


584.126 


815.203 


173.051 


235.201 


141.743 


110.970 


630.343 


888.677 


168.275 


222.398 


154.546 


120.994 


672.906 


958.236 


161.925 


205.930 


171.014 


133.887 


724.149 


1044.792 
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TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


d Ai S, A I Ze Zp 

Inside Inside Outside Pipe Mom of Elast Plast 
Schedule dia area surf wt. inert sec mod sec mod 

mm cm? m/m kg/m cm! cm? cm? 
5S 266.242 | 556.729 ; 0.8578 22.576 2621.2 191.993 247.519 
10S 264.668 | 550.166 : 0.8578 27.714 3199.3 234.337 302.978 
— 261.924 | 538.817 : 0.8578 36.599 4182.7 306.372 398.094 
260.35 | 532.361 : 0.8578 41.654 4733.1 346.684 451.763 
257.454 | 520.583 . 0.8578 50.874 5719.9 418.966 548.826 
254.508 | 508.738 : 0.8578 60.148 6690.2 490.036 645.349 
247.65 | 481.690 i 0.8578 81.324 8822.0 646.179 861.533 
242.926 | 463.488 122.077 0.8578 95.574 10191.0 746.454 1003.653 
236.576 | 439.574 145.991 0.8578 114.296 11909.5 872.331 1186.168 
230.226 | 416.294 169.272 0.8578 132.523 13495.1 988.470 1359.143 
228.6 | 410.434 175.131 0.8578 137.110 13880.6 1016.705 1401.933 
22225 | 387.94 197.616 154.714 15309.1 1121.341 1563.289 
215.9 | 366.09 219.468 ] 171.822 16620.3 1217.382 1715.683 
209.55 | 344.87 240.687 ] 188.434 17820.8 1305.313 1859.372 
196.85 | 304.34 281.223 i 220.170 19915.0 1458.708 2121.655 
315.926 | 783.90 39.817 : 31.172 5093.7 314.570 405.454 
314.706 | 777.85 45.859 . 35.903 5844.7 60.948 466.104 
311.15 | 760.38 63.339 . 49.588 7984.3 93.084 640.218 
307.086 | 740.64 83.072 i 65.037 10341.3 38.650 834.390 
304.8 | 729.66 94.058 . 73.638 11626.7 8.031 941.379 
303.226 | 72244 101.574 ] 79.523 12495.1 771.659 1014.118 
298.45 | 699.57 124.144 . 97.192 15048.5 929.349 1230.249 
295.3 | 684.88. 138.833 : 108.692 16666.8 1029.292 1369.066 
288.95 | 655.74 167.971 À 131.505 19775.4 1221.267 1640.027 
285.75 | 641.303 182.415 . 142.813 21266.2 1313.335 1772.143 
281.026 | 620.274 | 203.444 . 159.276 23377.3 1443.711 1961.840 
279.4 | 613.117 | 210.601 . 164.879 24079.7 1487.092 2025.678 
273.05 | 585.565 | 238.153 i 186.450 26707.9 1649.398 2267.947 
266.7 | 558.646 | 265.072 : 207.525 29158.9 1800.766 2499.205 
260.35 | 532.361 | 291.357 f 228.104 31441.0 1941.699 2719.710 
257.2 | 519.557 | 304.162 : 238.128 32512.8 | 2007.891 2825.182 
347.676 | 949.381 43.768 : 34.266 6765.7 380.524 489.929 
346.05 | 940.521 52.628 : 41.202 8098.1 455.460 587.746 
344.932 | 934454 58.695 ; 45.952 9003.4 506.375 654.472 
344.474 | 931.974 61.175 : 47.894 9371.7 527.091 681.683 
342.9 | 923477 69.672 À 54.547 10626.3 597.656 714.646 
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TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


d, D t d Ai An So Si Wp Wy I Ze R, Zp 
Nom Outside Wall Inside Inside Metal Outside | Inside Pipe Water | Mom of Elast Rad Plast 
dia Schedule dia thick dia area area surf surf wt. wt. inert sec mod ofgyr | sec mod 
mm mm mm mm cm? cm? m?/m m?/m kg/m kg/m cmt cm cm cm? 


341.326 915.018 : : : S 11863.8 667.256 866.759 
339.75 906.588 i ; ; A 13085.8 735.987 958.142 
338.124 897.931 i 3 i i 14328.9 805.902 1051.541 
336.55 889.590 : ; ; 1 15515.3 872.628 1141.100 
3334 873.016 ; : 4 3 17840.1 1003.381 1317.833 
331.774 864.521 A ; : : 19014.7 1069.441 1407.764 
3302 856.338 : à : i 20135.3 1132.469 1493.984 
325.476 832.011 : ; À 5 23403.7 1316.294 1747.856 
323.85 823.718 169.431 : 132.647 $ 24496.3 1377.743 1833.553 
317.5 791.732 201.417 : 157.689 à 28608.1 1609.006 2160.063 
308 745.062 248.087 ; 194.228 : 34315.6 1930.010 2624.718 
300.076 707.218 285.931 : 223.855 n 38689.1 2175.988 2990.990 
292.1 670.122 323.027 ; 252.898 E 42754.9 2404.665 3340.638 
284.176 634.258 358.891 : 280.976 j 46477.6 2614.039 3669.605 
398.018 | 1244218 52.957 j 41.460 : 10709.7 527.051 678.025 
396.85 | 1236.926 60.248 : 47.168 i 12149.4 597.902 710.272 
393.7 | 1217.368 79.807 : 62.481 ` 15969.2 785.885 1016.360 
390.55 | 1197.965 99.209 ; TI.671 i 19698.4 969.409 1258.541 
387.35 | 1178.414 118.760 : 92.977 i 23395.5 1151.355 1500.599 
381 | 1140.094 157.080 z 122.978 A 30465.5 1499.286 1969.218 
373.076 | 1093.165 204.010 : 159.719 : 38805.6 1909.727 2532.479 
363.5176 | 1037.867 259.307 ! 203.012 B 48183.0 2371.209 3180.791 
354.026 984.376 312.798 E 244.889 E 56790.9 2794.826 3791.705 
344.526 932.255 364.919 : 285.695 % 64740.3 3186.038 4371.222 
333.4 873.016 424.158 : 332.074 É 73250.5 3604.847 5010.459 
325.476 832.011 465.164 í 364.177 s 78814.1 3878.645 5440.481 
448.818 582.091 59.645 j 46.696 É 15301.4 669.354 860.107 
447.65 573.867 67.869 ; 53.135 s 17366.7 759.699 977.443 
444.5 551.795 89.941 : 70.415 s 22856.6 999.853 1290.849 
441.35 529.879 111.857 : 87.573 j| 28231.1 1234.956 1599.844 
438.15 507.775 133.961 : 104.878 5 33574.3 1468.691 1909.259 
435 486.173 155.563 : 121.790 d 38720.9 1693.826 2209.458 
431.8 464.388 177.348 ; 138.846 i 43835.9 1917.581 2510.002 
428.65 443.100 198.636 : 155.512 i 48761.2 2133.034 2801.532 
419.1 379.514 262.222 $ 205.294 : 63043.5 2757.807 3659.509 
409.6 317.683 324.054 : 253.702 Y 76314.6 3338.348 4475.070 
398.476 247.083 394.653 : 308.974 i 90723.7 3968.667 5383.123 
387.35 178.414 463.322 ; 362.735 $ 103977.6 4548.450 6242.017 
377.85 121.320 520.416 : 407.434 : 114426.0 5005.513 6937.385 
366.726 056.268 585.468 ; 458.363 . 125698.5 5498.624 7108.342 


8c3 


TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


951.345 


75.489 


59.101 


95.135 


23897.7 


940.853 


1209.260 


939.431 


87.404 


68.428 


93.943 


277586.5 


1086.081 


1398.006 


926.760 


100.075 


78.349 


92.676 


31484.9 


1239.563 


1598.112 


871.672 


149.162 


116.779 


87.767 


46345.8 


1824.637 


2367.082 


829.218 


197.616 


154.714 


82.922 


60638.8 


2387.354 


3116.336 


793.582 


233.252 


182.613 


79.358 


70912.3 


2791.821 


3661.096 


711.038 


315.797 


247.238 


71.104 


93932.8 


3698.142 


4902.169 


687.657 


339.178 


265.543 


68.766 


100256.3 


3947.100 


5248.361 


630.452 


396.383 


310.329 


63.045 


115360.9 


4541.769 


6085.257 


540.825 


486.010 


380.497 


54.082 


137979.1 


5432.247 


7367.108 


464.388 


562.447 


440.340 


46.439 


156258.5 


6151.908 


8431.313 


379.514 


647.320 


506.787 


37.951 


175466.0 


6908.112 


9580.820 


307.575 


719.260 


563.109 


30.757 


190848.8 


7513.732 


10527.913 


2369.360 


83.110 


65.067 


236.936 


31889.7 


1141.363 


1465.722 


2356.230 


96.240 


75.347 


235.623 


36827.3 


1318.084 


1694.966 


2342.261 


110.209 


86.283 


234.226 


42050.0 


1505.013 


1938.150 


2288.106 


164 


364 


128.680 


228.811 


62004.3 


2219.193 


2874.067 


2234.585 


217.885 


170.582 


223.459 


81266.5 


2908.608 


3788.219 


2181.697 


210.772 


211.988 


218.170 


99852.9 


3573.835 


4680.862 


2129.443 


323.027 


252.898 


212.944 


117779.6 


4215.447 


5552.253 


2077.822 


374 


648 


293.312 


207.782 


135062.3 


4834.011 


6402.648 


1976.480 


475.989 


372.652 


197.648 


167757.8 


6004.218 


8041.472 


1877.672 


574 


.798 


450.009 


187.767 


198062.3 


7088.844 


9599.384 


1781.398 


671.072 


525.383 


178.140 


226095.2 


8092.168 


11078.432 


1687.657 


764 


813 


598.773 


168.766 


251972.9 


9018.356 


12480.663 


1596.449 


856.021 


670.179 


159.645 


275808.8 


9871.469 


13808.127 


2798.299 


120.343 


94.217 


279.830 


54748.3 


1796.203 


2310.964 


2739.077 


179.565 


140.581 


273.908 


80843.9 


2652.360 


3430.214 


2680.489 


238.153 


186.450 


268.049 


106111.3 


3481.341 


4525.651 


2651.660 


266.981 


209.020 


265.166 


118343.5 


3882.662 


5060.300 


2622.534 


296.108 


231.823 


262.253 


130568.0 


4283.725 


5597.532 


2594.020 


324.622 


254.147 


259.402 


142404.6 


4672.068 


6120.590 


2565.213 


353.429 


276.700 


256.521 


154231.5 


5060.090 


6646.112 


2813.565 


105.077 


82.265 


281.356 


47930.7 


1572.531 


2020.505 


2508.525 


410.117 


321.081 


250.852 


177119.3 


5811.002 


7671.646 


2466.763 


451.879 


353.776 


246.676 


193653.4 


6353.456 


8419.783 


2356.230 


562.412 


440.313 


235.623 


236075.8 


7145.267 


10369.359 


2221.417 


697.225 


545.858 


222.142 


285184.5 


9356.446 


12685.870 


2103.757 


814.885 


637.974 


210.376 


325680.9 


10685.069 


14651.104 


TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


d, D t d Ai Am Ss S; Wp Ww I Ze R, Zp 
Nom Outside Wall Inside Inside Metal Outside | Inside Pipe Water | Mom of Elast Rad Plast 
dia Schedule dia thick dia area area surf surf wt. wt. inert sec mod of gyr sec mod 
mm mm mm mm cm? cm? m?/m m?/m kg/m kg/m cm* cm? cm cm? 
2001.777 717.814 | 200.178 | 3589982 | 11778.156 16310.639 


1890.181 


805.182 


189.018 


393560.2 


12912.079 


18078.760 


3294.873 


a 


102.151 


329.487 


69775.7 


2113.133 


2716.552 


3262.903 


127.181 


326.290 


86459.2 


2618.390 


3374.093 


3230.584 


152.482 


323.058 


103159.0 


3124.138 


4035.523 


3166.929 


202.318 


316.693 


135565.4 


4105.554 


5328.634 


3103.907 


251.658 


310.391 


167014.0 


5057.965 


6596.139 


3041.519 


300.502 


304.152 


197523.9 


5981.949 


7838.294 


2979.764 


348.850 


297.976 


227114.1 


6878.076 


9055.357 


2918.642 


396.702 


291.864 


255803.0 


7146.912 


10247.582 


2858.154 


567.197 


444.059 


285.815 


283609.3 


8589.017 


11415.227 


3831.984 


140.612 


110.085 


383.198 


87328.4 


2455.805 


3 


154.914 


3797.500 


175.096 


137.082 


379.750 


108264.6 


3044.561 


3919.915 


3762.629 


209.967 


164.384 


376.263 


129243.7 


3634.526 


4689.995 


3693.906 


278.690 


218.186 


369.391 


170021.2 


4181.247 


6 


197.165 


3625.817 


346.779 


271.493 


362.582 


209681.5 


5896.554 


7676.682 


3558.362 


414.234 


324.304 


355.836 


248245.3 


6981.026 


9 


128.801 


3491.539 


481.057 


376.619 


349.154 


285732.9 


8035.235 


10553.779 


3425.351 


547.245 
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428.439 


342.535 


322164.7 


9059.750 


11951.871 


MpMo-M|[-H-H-|--M|-) 


3359.795 


612.801 


Ww 


479.762 


335.980 


357560.6 


10055.134 


13323.334 


4409.632 


150.746 


118.019 


440.963 


107602.6 


2824.216 


3626.052 


4372.635 


187.743 
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$5 


146.984 


437.263 


133458.8 


3502.857 


4506.642 


4335.209 


225.169 


176.285 


433.521 


159392.3 


4183.524 


5393.628 


4261.420 


298.958 


234.054 


426.142 


209870.9 


5508.421 


T 


131.247 


4188.264 


372.114 


291.328 


418.826 


259060.7 


6799.494 


8839.163 


4115.741 


444.637 


348.106 


411.574 


306983.9 


8057.321 


10517.633 


4043.852 


516.526 


404.389 


404.385 


353662.5 


9282.480 


12 


166.913 


3972.596 


587.782 


460.175 


397.260 


399118.1 


10475.541 


13787.259 


3901.973 


658.405 


515.465 


390.197 


443372.3 


11637.069 


15378.927 


5027.817 


160.880 


125.953 


502.782 


130794.5 


3218.368 


4 


129.964 


4988.306 


200.391 


156.886 


498.831 


162286.8 


3993.277 


5 


134.272 


4948.327 


240.370 


188.186 


494.833 


193898.9 


4771.134 


6 


146.424 


4869.470 


319.226 


249.923 


486.947 


255506.8 


6287.076 


8 


130.878 


4791.247 


397.450 


311.163 


479.125 


315642.1 


7166.783 


10083.580 


4752.068 


436.629 


341.837 


475.207 


345395.9 


8498.915 


11055.669 


4713.657 


475.039 


371.909 


471.366 


374328.4 


9210.836 


12004.789 


4636.701 


551.996 


432.158 


463.670 


431589.2 


10619.813 


13894.759 


4560.378 


628.319 


491.911 


456.038 


487447.8 


11994.286 


15753.746 
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4484.688 


704.008 


551.168 


448.469 


541927.2 


13334.824 


17582.007 


5686.538 


171.014 


133.887 


568.654 


157100.1 


3638.261 


4666.651 
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5644.513 


213.039 


166.788 


564.451 


194993.2 


4515.823 


5802.806 
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TABLE E2.1M Principal Properties of Commercial Pipe (Metric Data) (Continued) 


D 


d 


Ai 


S, 


W, 


P 


I 


Ze 


Zp 


Schedule 


Outside 
dia 


Inside 
dia 


Inside 
area 


Outside 
surf 


Pipe 
wt. 


Mom of 
inert 


Elast 
sec mod 


Plast 
sec mod 


mm 


mm 


cm? 


m?/m 


kg/m 


cm’ 


cm? 


cm? 


Std 


863.6 


844.55 


5601.981 


2.7131 


200.087 


233057.7 


5397.354 


6948.382 


XS 


863.6 


838.2 


5518.057 


2.7131 


265.791 


307321.2 


7117.211 


9196.058 


863.6 


831.85 


5434.767 


2.7131 


330.999 


379915.9 


8798.423 


11409.935 


863.6 


828.65 


5393.034 


2.7131 


363.671 


415874.7 


9631.187 


12512.862 


863.6 


825.5 


5352.110 


2.7131 


395.711 


450867.0 


10441.571 


13590.269 


863.6 


819.15 


5270.087 


2.7131 


459.927 


520199.6 


12047.234 


15737.316 


863.6 


812.8 


5188.697 


2.7131 


523.647 


587938.3 


13615.987 


17851.332 


806.45 


5107.940 


2.7131 


586.872 


654108.0 


15148.401 


19932.573 


901.7 


6385.796 


2.8727 


141.821 


186715.7 


4083.894 


5236.113 


898.55 


6341.258 


2.8727 


176.690 


231823.0 


5070.493 


6512.244 


895.35 


6296.172 


2.8727 


211.988 


277163. 


6062.184 


7199.502 


889 


6207.181 


2.8727 


281.659 


365706.4 


7998.827 


10326.788 


882.65 


6118.824 


2.8727 


350.834 


452372.6 


9894.413 


12818.226 


876.3 


6031.100 


2.8727 


419.513 


537188.3 


11749.525 


15274.073 


869.95 


5944.009 


2.8727 


487.696 


620180. 


13564.744 


17694.585 


Sjelen e e e e 


863.6 


5857.552 


2.8727 


555.383 


701374.3 


15340.646 


20080.017 


857.25 


5771.728 


2.8727 


622.575 


780797. 


17077.802 


22430.627 


1054.1 


8726.790 


3.3515 


165.623 


297383.2 


5575237 


7141.147 


1047.75 


8621.965 


3.3515 


247.691 


442100. 


8288.341 


10647.836 


1041.4 


8517.773 


3.3515 


329.263 


584209.6 


10952.561 


14112.276 


1035.05 


8414.214 


524.127 


3.3515 


410.339 


841.421 


723743.2 


13568.488 


17534.723 


1028.7 


8311.289 


627.052 


3.3515 


490.919 


831.129 


860732. 


16136.710 


20915.433 


1016 


8107.339 


831.002 


3.3515 


650.592 


810.734 


112720 


21132.369 


27552.668 


1003.3 


7905.922 


1032.419 


3.3515 


808.281 


790.592 


1383862 


25944.162 


34026.029 


990.6 


7107.039 


1231.302 


3.3515 


963.987 


770.704 


1630959 


30576.656 


36.395 


40337.565 
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TABLE E3.1 


Weights of Tubing, Pound per Foot Length 


Wall thickness, in. 


OD, 

in. 0.050 | 0.095 0.150 0.200 | 0.250 | 0.300 | 0.360 | 0.400 | 0.460 | 0.500 | 0.625 | 0.750 | 0.875 | 1.000 | 1.125 | 1.250 
0.500 | 0.2403 | 0.4109 | 0.5607 

0.750 | 0.3738 | 0.6646 | 0.9612 | 1.175 | 1.335 

1.000 | 0.5073 | 0.9182 | 1.362 1.709 | 2.003 | 2243 | 2.461 

1.250 | 0.6408 | 1.172 1.762 2.243 | 2.670 | 3.044 | 3.422 | 3.631 

1.500 | 0.7743 | 1.426 2.163 2.777 | 3.338 | 3.845 | 4.383 | 4.699 | 5.109 | 5.340 

1.750 | 0.9078 | 1.679 2.563 3.311 | 4.005 | 4.646 | 5.344 | 5.767 | 6.338 | 6.675 | 7.509 

2.000 | 1.041 | 1.933 2.964 3.845 | 4.673 | 5.447 | 6.305 | 6.835 | 7.566 | 8.010 | 9.178 | 10.01 

2.250 | 1.175 | 2.186 3.364 4.379 | 5.340| 6248 | 7.267 | 7.903 | 8.794 | 9.345 | 10.85 | 12.02 

2.500 | 1.308 | 2.440 3.765 4.913 | 6.008 | 7.049 | 8228 | 8.971 | 10.02 | 10.68 | 12.52 | 14.02 | 15.19 

2.750 | 1.442 | 2.694 4.165 5.447 | 6.675 | 7.850 | 9.189 | 10.04 | 11.25 | 12.02 | 14.18 | 16.02 | 17.52 | 18.69 

3.000 | 1.575 | 2.947 4.566 5.981 | 7.343 | 8.651 | 10.15 | 11.11 | 1248 | 13.35 | 15.85 | 18.02 | 19.86 | 21.36 

3.250 | 1.709 | 3.201 4.966 6.515 | 8.010 | 9.452 | 11.11. | 12.18 | 13.71 | 14.69 | 17.52 | 20.03 | 22.19 | 24.03 

3.500 | 1.842 | 3.455 5.367 7.049 | 8.678 | 10.25 | 12.07 | 13.24 | 14.93 | 1602 | 19.19 | 22.03 | 24.53 | 26.70 

3.750 | 1.976 | 3.708 5.767 7.583 | 9.345 | 11.05 | 13.03 | 14.31 | 16.16 | 17.36 | 20.86 | 24.03 | 26.87 | 29.37 | 31.54 

4.000 | 2.109 | 3.962 6.168 8.117 | 10.01 | 11.85 | 14.00 | 15.38 | 17.39 | 18.69 | 22.53 | 26.03 | 29.20 | 32.04 | 34.54 

4.250 | 2.243 | 4.216 6.568 8.651 | 10.68 | 12.66 | 14.96 | 16.45 | 18.62 | 20.08. | 2420 | 28.04 | 31.54 | 34.71 | 37.55 

4.500 | 2.376 | 4.469 6.969 9.185 | 11.35 | 13.46 | 15.92 | 17.52 | 19.85 | 21.36 | 25.87. | 30.04 | 33.88 | 37.38 | 40.55 

4.750 | 2.510 | 4.723 7.369 9.719 | 12.02 | 14.26 | 16.88 | 18.58 | 21.08 | 22.70 | 27.53 | 32.04 | 36.21 | 40.05 | 43.55 | 46.73 
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TABLE E3.1 


Weights of Tubing, Pound per Foot Length (Continued) 


Wall thickness, in. 


0.050 


2.643 


0.095 


4.977 
5.230 


5.484 
5.738 
5.991 
6.245 


0.150 


7.770 
8.170 


8.571 
8.971 
9.372 
9.772 
10.17 


10.57 
10.97 
11.37 


0.200 


10.25 
10.79 


11.32 
11.85 
12.39 
12.92 
13.46 


13.99 
14.52 
15.06 
15.59 
16.13 


16.66 
17.19 
17.73 


0.250 


12.68 
13.35 


14.02 
14.69 
15.35 
16.02 
16.69 


17.36 
18.02 
18.69 
19.36 
20.03 


20.69 
21.36 
22.03 
22.70 
23.36 


24.03 
24.70 
25.37 
26.03 


0.300 


15.06 
15.86 


16.66 
17.46 
18.26 
19.06 
19.86 


20.67 
21.47 
22.27 
23.07 
23.87 


24.67 
25.47 
26.27 
27.07 
27.87 


28.68 
29.48 
30.28 
31.08 


0.360 


17.84 
18.80 


19.76 
20.72 
21.68 
22.65 
23.61 


24.57 
25.53 
26.49 
27.45 
28.41 


29.37 
30.34 
31.30 
32.26 
33.22 


34.18 
35.14 
36.10 
37.06 


0.400 


19.65 
20.72 


21.79 
22.86 
23.92 
24.99 
26.06 


27.13 
28.20 
29.26 
30.33 
31.40 


32.47 
33.54 
34.60 
35.67 
36.74 


37.81 
38.88 
39.94 
41.01 


0.460 


22.30 
23:53 


24.76 
25.99 
27.22 
28.45 
29.67 


30.90 
32.13 
33.36 
34.59 
35.81 


37.04 
38.27 
39.50 
40.73 
41.96 


43.18 
44.41 
45.64 
46.87 


0.500 


24.03 
25.37 


26.70 
28.04 
29.37 
30.71 
32.04 


33.38 
34.71 
36.05 
37.38 
38.72 


40.05 
41.39 
42.72 
44.06 
45.39 


46.73 
48.06 
49.40 
50.73 


0.625 


29.20 
30.87 


32.54 
34.21 
35.88 
37.55 
39.22 


40.88 
42.55 
44.22 
45.89 
47.56 


49.23 
50.90 
52.57 
54.23 
55.90 


57.57 
59.24 
60.91 
62.58 


0.750 


34.04 
36.05 


38.05 
40.05 
42.05 
44.06 
46.06 


48.06 
50.06 
52.07 
54.07 
56.07 


58.07 
60.08 
62.08 
64.08 
66.08 


68.09 
70.09 
72.09 
74.09 


0.875 


38.55 
40.88 


43.22 
45.56 
47.89 
50.23 
52.57 


54.90 
57.24 
59.57 
61.91 
64.25 


66.58 
68.92 
71.26 
73.59 
75.93 


78.26 
80.60 
82.94 
85.27 


1.000 


42.72 
45.39 


48.06 
50.73 
53.40 
56.07 
58.74 


61.41 
64.08 
66.75 
69.42 
72.09 


74.76 
77.43 
80.10 
82.77 
85.44 


88.11 
90.78 
93.45 
96.12 


1.125 


46.56 
49.56 


52.57 
55.57 
58.57 
61.58 
64.58 


67.58 
70.59 
73.59 
76.60 
79.60 


82.60 
85.61 
88.61 
91.61 
94.62 


97.62 
100.6 
103.6 
106.6 


1.250 


50.06 
53.40 


56.74 
60.08 
63.41 
66.75 
70.09 


73.43 
76.76 
80.10 
83.44 
86.78 


90.11 

93.45 

96.79 
100.1 
103.5 


106.8 
110.1 
113.5 
116.8 
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TABLE E3.2 Diameter and Wall-Thickness Tolerances for Seamless Hot-Finished Mechanical Tubing of Carbon and Alloy Steel (AISI)* 


Wall thickness tolerance, % 


0.109 in. Over 0.109 Over 0.172 Over 
OD tolerance and under to 0.172 in., incl. to 0.203 in., incl. 0.203 in. 
Specified size, Ratio of wall 
OD, in. thickness to OD Over Under Over Under Over Under Over Under Over Under 
Under3 ...... All wall thicknesses 0.023 0.023 16.5 16.5 15 15 14 14 12.5 12.5 
3-5, excl. .... All wall thicknesses 0.031 0.031 16.5 16.5 15 15 14 14 12.5 12.5 
5%-8, excl. .... All wall thicknesses 0.047 0.047 14 14 12.5 12.5 
8-10%, incl. 5% and over 0.047 0.047 12.5 12.5 
8-10%, incl. Under 5% 0.063 0.063 12.5 12.5 


* The common range of sizes of hot-finished tubes is 1⁄2 to and including 1094 in outside diameter with wall 
thickness not less than 0.095 in (no. 13 BWG) or 3 percent or more of the outside diameter. For sizes under 1% or 
over 10% in outside diameter, the tolerances are commonly negotiated between the purchaser and producer. 

Source: Steel Products Manual. 


seg 


TABLE E3.3 Diameter and Wall-Thickness Tolerances for Seamless Cold-Worked Mechanical Tubing of Carbon and Alloy Steel (AISI)! 


Unannealed or Soft annealed or Quenched and 
finish-annealed normalized tempered Wall thickness 
all conditions, 
OD, in. ID, in. OD, in. ID, in. OD, in. ID, in. % 
Size, OD, 
in. Over | Under | Over | Under | Over | Under | Over | Under | Over | Under | Over | Under | Over | Under 
9Ae-Vo, excl7......... 0.004 0 bee haa EN 0.006 | 0.002 sane T 0.010 | 0.010 ET nr 15 15 
Y%-1¥%, excl? ,...... 0.005 0 0 0.005 | 0.008 | 0.002 | 0.002 | 0.008 | 0.015 | 0.015 0.015 0.015 10 10 
1%-3%, excl29*5 ,..... 0.010 0 0 0.010 | 0.015 | 0.005 | 0.005 | 0.015 | 0.030 | 0.030 0.030 0.030 10 10 
32-542, excl. f) ....... 0.015 0 0.005 | 0.015 | 0.023 | 0.007 | 0.015 | 0.025 | 0.045 | 0.045 0.045 0.045 10 10 
5%-8, excl?, wall...... 0.030 | 0.030 | 0.035 | 0.035 | 0.060 | 0.060 | 0.070 | 0.070 "e Tay E Poen 10 10 
less than 5% OD 
515-8, excl., wall...... 0.020 | 0.020 | 0.025 | 0.025 | 0.040 | 0.040 | 0.050 | 0.050 T TE "TT vy 10 10 
from 5 to 7.5% OD 
515-8, excl.^, wall. ..... 0.030 0 0.015 | 0.030 | 0.045 | 0.015 | 0.037 | 0.053 om fore ees oe 10 10 
over 7.5% OD 
8-10%, incl, wall... .. 0.045 | 0.045 | 0.050 | 0.050 bords TN EC S uus SES ad X 10 10 
less than 5% OD 
8-10%, incl., wall. ..... 0.035 | 0.035 | 0.040 | 0.040 uk — "m T NS "m P o. fea NA 10 10 
from 5 to 75% OD 
8-10%, incl^, wall..... 0.045 0 0.015 | 0.040 CR X Java pa eee eee ee ee 10 10 
over 7.5% OD 
1 For tolerances closer than those indicated, availability and applicable tolerances for tubing less than 346 in OD or larger than 10%4-in. OD, the producer 
should be consulted. 
? For those tubes with inside diameter less than Y in (or less than % in when the wall thickness is more than 20 percent of the outside diameter), which 
are not commonly drawn over a mandrel, note* is not applicable. Unless otherwise agreed upon by the purchaser and producer, the wall thickness may vary 


15 percent over and under that specified, and the inside diameter is governed by the outside diameter and wall-thickness tolerances shown. 

3 For tubes with inside diameter less than % in (or less than % in when the wall thickness is more than 20 percent of the outside diameter), which can 
be produced by the rod or bar mandrel process, the tolerances are as shown in the above table except that the wall-thickness tolerances are 10 percent over 
and under the specified wall thickness. 

* Many tubes with inside diameter less than 50 percent of outside diameter, with wall thickness more than 25 percent of outside diameter, with wall 
thickness over 1% in or weighing more than 90 Ib/ft are difficult to draw over a mandrel. Unless otherwise agreed upon by the purchaser and producer the 
inside diameter may vary over or under by an amount equal to 10 percent of the wall thickness and the wall thickness may vary 1212 percent over and under 
that specified. 

5 Tubing have a wall thickness less than 3 percent of the outside diameter cannot be straightened properly without a certain amount of distortion. 
Consequently, such tubes, while having an average outside diameter and inside diameter within the tolerances shown in the above table, require an ovality 
tolerance of 0.5 percent over and under nominal outside diameter, this being in addition to the tolerances indicated in the above table. 

Source: AISI Steel Products Manual. 


APPENDIX E3M 
TUBE PROPERTIES (METRIC) 
FOR COPPER TUBE 


(Per ASTM B88) 
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TABLE E3.1M Dimensions, Mass, and Tolerances in Diameter and Wall Thickness for Metric Copper 


Water tube sizes (all tolerances are plus and minus except as otherwise indicated.) 


Wall thickness and tolerances, mm 


Nominal Type A Type B Type C 
or Theoretical mass, kg/m 
standard Wall Tolerance Wall Tolerance Wall Tolerance 
size, mm thickness (b) thickness (b) thickness (b) Type A Type B Type C 
6 0.8 0.08 0.7 0.07 0.6 c 0.117 0.104 0.091 
8 0.9 0.09 0.8 0.08 0.6 c 0.179 0.162 0.125 
10 0.9 0.09 0.8 0.08 0.6 c 0.23 0.207 0.158 
12 1.2 0.1 0.9 0.09 0.6 0.06 0.364 0.28 0.192 
15 1.2 0.1 1 0.1 0.7 0.07 0.465 0.393 0.281 
18 1.2 0.1 1 0.1 0.7 0.07 0.566 0.477 0.34 
22 1.6 0.15 1.1 0.1 0.8 0.08 0.917 0.646 0.476 
28 1.6 0.15 1.2 0.1 0.9 0.09 1.19 0.903 0.685 
35 1.6 0.15 1.4 0.15 1.1 0.1 1.5 1.32 1.05 
42 1.8 0.2 1.5 0.15 1:2 0.1 2.03 1.71 1.37 
54 21 0.2 1.7 0.15 1.5 0.15 3.06 2.5 221 
67 24 0.25 2 0.2 1.6 0.15 4.35 3.65 2.94 
79 2.8 0.3 23 0.25 1.8 0.2 5.99 4.95 3.9 
105 3.4 0.35 2.8 0.3 24 0.25 9.7 8.04 6.92 
130 4 0.4 3.1 0.3 2.7 0.25 14.2 11 9.65 
156 4.8 0.5 3.5 0.35 3.1 0.3 20.3 15 13.3 
206 6.8 0.7 5 0.5 43 0.45 38 28.2 24.4 
257 8.5 0.85 6.3 0.65 5.4 0.55 59.3 44.4 38.2 
308 10.3 1 TA 0.7 6.4 0.65 86.1 60 54.2 


^ Maximum deviation at any one point. 
* Indicates that the material is not generally available or that no tolerance has been established. 


APPENDIX E4 
FRICTION LOSS FOR WATER 
IN FEET PER 100 FT OF PIPE 


( Excerpted fr tok ulic Institute Engineering Data 
andbook with permission.) 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe 


Steel-schedule 40 


Asphalt-dipped cast iron 


ID — 4.026 in ID — 4.00 in 
4 in nominal e/ D = 0.000447 e/D = 0.00120 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.0111 5 0.126 0.000247 0.00310 0.128 0.000253 0.00325 
0.0223 10 0.252 0.000987 0.01017 0.255 0.00101 0.01080 
0.0446 20 0.504 0.00395 0.0344 0.511 0.00405 0.03700 
0.0668 30 0.756 0.00888 0.0702 0.766 0.00912 0.0770 
0.0981 40 1.01 0.0158 0.118 1.02 0.0162 0.131 
0.111 50 1.26 0.0247 0.176 1.28 0.0253 0.199 
0.134 60 1.51 0.0355 0.245 1.53 0.0365 0.278 
0.156 70 1.76 0.0484 0.325 1.79 0.0496 0.370 
0.178 80 2.02 0.0632 0.415 2.04 0.0648 0.476 
0.201 90 2.27 0.0800 0.515 2.30 0.0820 0.594 
0.223 100 2.52 0.0987 0.624 2.55 0.101 0.725 
0.245 110 2:71 0.119 0.744 2.81 0.123 0.869 
0.267 120 3.02 0.142 0.877 3.06 0.146 1.03 
0.290 130 3.28 0.167 1.017 3.32 0.171 1.19 
0.312 140 3.53 0.193 1.165 3.57 0.199 1.38 
0.334 150 3.78 0.222 1.32 3.83 0.228 1.58 
0.356 160 4.03 0.253 1.49 4.08 0.259 1.78 
0.379 170 4.28 0.285 1.67 4.34 0.293 2.00 
0.401 180 4.54 0.320 1.86 4.60 0.328 2.24 
0.423 190 4.79 0.356 2.06 4.85 0.366 2.49 
0.446 200 5.04 0.395 2.27 5.11 0.406 2.74 
0.490 220 5.54 0.478 2.72 5.62 0.490 3.28 
0.535 240 6.05 0.569 321 6.13 0.583 3.88 
0.579 260 6.55 0.667 3.74 6.64 0.685 4.54 
0.624 280 7.06 0.774 4.30 7.15 0.794 525 
0.668 300 7.56 0.888 4.89 7.66 0.912 6.03 
0.713 320 8.06 1.01 5.51 8.17 1.04 6.87 
0.758 340 8.57 1.14 6.19 8.68 1.17 7.75 
0.802 360 9.07 1.28 6.92 9.19 1.31 8.68 
0.847 380 9.58 1.43 7.68 9.70 1.46 9.66 
0.891 400 10.1 1.58 8.47 10.2 1.62 10.7 
0.936 420 10.6 1.74 9.30 10.7 1.79 11.7 
0.980 440 11.1 1.91 10.2 11.2 1.96 12.8 
1.025 460 11.6 2.09 11.1 11.7 2.14 14.0 
1.069 480 12.1 2.27 12.0 12.3 2.33 15.3 
1.114 500 12.6 2.47 13.0 12.8 2.53 16.6 
1.225 550 13.9 2.99 15.7 14.0 3.06 19.9 
1.337 600 15.1 3.55 18.6 15.3 3.65 23.6 
1.448 650 16.4 4.17 21.7 16.6 4.28 27.7 
1.560 700 17.6 4.84 25.0 17.9 4.96 32.1 
1.671 750 18.9 5.55 28.6 19.1 5.70 36.7 
1.782 800 20.2 6.32 32.4 20.4 6.48 41.6 
1.894 850 21.4 7.13 36.5 21.7 7.32 46.8 
2.005 900 22.7 8.00 40.8 23.0 8.20 52.3 
2.117 950 23.9 8.91 45.3 24.3 9.14 58.1 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel-schedule 40 


Asphalt-dipped cast iron 


ID = 4.026 in ID = 4.00 in 
4 in nominal e/D = 0.000447 e/D = 0.00120 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
2.228 1000 252 9.87 502 25.5 10.1 642 
2.451 1100 27.7 11.9 60.5 28.1 12.3 78.2 
2.674 1200 30.2 14.2 72.0 30.6 14.6 92.8 
2.896 1300 32.8 16.7 84.3 332 171 108.2 
3.119 1400 35.3 19.3 97.6 35.7 19.9 126 
3.342 1500 37.8 222 112 38.3 22.8 144 
3.565 1600 40.3 25.3 127 40.8 25.9 164 
3.788 1700 42.8 28.5 143 43.4 29.3 185 
4.010 1 800 45.4 32.0 160 46.0 32.8 207 
4.233 1900 47.9 35.6 178 48.5 36.6 230 
4.456 2 000 50.4 39.5 196 511 40.5 255 
Steel-schedule 40 Asphalt-dipped cast iron 
ID = 6.065 in ID = 6.00 in 
6 in nominal e/D = 0.000293 e/D = 0.000800 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.0223 10 0.111 0.000192 0.00146 0.113 0.000200 0.00157 
0.0446 20 0.222 0.000767 0.00487 0.227 0.000800 0.00523 
0.0668 30 0.333 0.00172 0.00988 0.340 0.00180 0.01070 
0.0891 40 0.444 0.00307 0.0164 0.454 0.00320 0.0179 
0.111 50 0.555 0.00479 0.0244 0.567 0.00500 0.0268 
0.134 60 0.666 0.00690 0.0337 0.681 0.00720 0.0374 
0.156 70 0.777 0.00939 0.0445 0.794 0.00980 0.0496 
0.178 80 0.888 0.0123 0.0564 0.908 0.0128 0.0635 
0.201 90 0.999 0.0155 0.0698 1.02 0.0162 0.0789 
0.223 100 111 0.0192 0.0843 1.13 0.0200 0.0958 
0.267 120 1.33 0.0276 0.118 1.36 0.0288 0.130 
0.312 140 1.55 0.0376 0.155 1.59 0.0392 0.178 
0.356 160 1.78 0.0491 0.198 1.82 0.0512 0.229 
0.401 180 2.00 0.0621 0.246 2.04 0.0648 0.282 
0.446 200 2.22 0.0767 0.299 2.27 0.0800 0.346 
0.490 220 2.44 0.0927 0.357 2.50 0.0968 0.415 
0.535 240 2.66 0.110 0.419 2.72 0.115 0.490 
0.579 260 2.89 0.130 0.487 2.95 0.135 0.570 
0.624 280 3.11 0.150 0.560 3.18 0.157 0.655 
0.668 300 3.33 0.172 0.637 3.40 0.180 0.745 
0.713 320 3.55 0.196 0.719 3.63 0.205 0.846 
0.758 340 3.78 0.222 0.806 3.86 0.231 0.952 
0.802 360 4.00 0.240 0.898 4.08 0.259 1.06 
0.847 380 4.22 0.277 0.993 4.31 0.289 1.18 
0.891 400 4.44 0.307 1.09 4.54 0.320 1.30 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


6 in nominal 


Steel-schedule 4 
ID = 6.065 in 
e/D = 0.000293 


0 


Asphalt-dipped cast iron 


ID = 6.00 in 


e/D = 0.000800 


Discharge h; feet h; feet 
per 100 ft per 100 ft 

ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.936 420 4.66 0.338 1.20 4.76 0.353 1.43 
0.980 440 4.89 0.371 1.31 4.99 0.387 1.57 
1.025 460 5.11 0.405 1.42 522 0.423 1.71 
1.07 480 5.33 0.442 1.54 5.45 0.461 1.86 
1.11 500 5:55 0.479 1.66 5.67 0.500 2.02 
1.23 550 6.11 0.580 1.99 6.24 0.605 2.42 
1.34 600 6.66 0.690 2.34 6.81 0.720 2.84 
1.45 650 7.22 0.810 2.73 7.37 0.845 3.33 
1.56 700 7.77 0.939 3.13 7.94 0.980 3.87 
1.67 750 8.33 1.08 3.57 8.51 1.12 4.45 
1.78 800 8.88 1.23 4.03 9.08 1.28 5.06 
1.89 850 9.44 1.38 4.53 9.64 1.44 5.69 
2.01 900 9.99 1.55 5.05 10.2 1.62 6.34 
2:12 950 10.5 1.73 5.60 10.8 1.80 7.02 
2.23 1 000 1141 1.92 6.17 11.3 2.00 7.73 
2.45 1100 12.2 2.32 7.41 12.5 2.42 9.80 
2.67 1 200 13.3 2.76 8.76 13.6 2.88 11.2 
2.90 1300 14.4 3.24 10.2 14.7 3.38 13.0 
3.12 1 400 15.5 3.76 11.8 15.9 3.92 15.1 
3.34 1500 16.7 4.31 13.5 17.0 4.50 17.4 
3.56 1600 17.8 4.91 15.4 18.2 5.12 19.8 
3.79 1700 18.9 5.54 17.3 19.3 5.78 22:3 
4.01 1800 20.0 6.21 19.4 20.4 6.48 24.8 
4.23 1 900 21.1 6.92 21.6 21.6 7.22 27.6 
4.46 2 000 22.2 7.67 23.8 22.7 8.00 30.5 
4.68 2 100 23.3 8.45 26.2 23.8 8.82 33.6 
4.90 2 200 24.4 9.27 28.8 25.0 9.68 36.8 
5.12 2 300 255 10.1 31.4 26.1 10.6 40.1 
5.35 2 400 26.6 11.0 34.2 21.2 11.5 43.5 
5.57 2 500 27.8 12.0 37.0 28.4 12.5 47.1 
5.79 2 600 28.9 13.0 39.9 29.5 13.5 51.0 
6.02 2 700 30.0 14.0 42.9 30.6 14.6 55.2 
6.24 2 800 31.1 15.0 46.1 31.8 15.7 59.6 
6.46 2 900 32.2 16.1 49.4 32.9 16.8 64.1 
6.68 3 000 33.3 17.2 52.8 34.0 18.0 68.8 
7.13 3 200 35.5 19.6 59.9 36.3 20.5 78.0 
7.58 3 400 37.8 22.2 67.4 38.6 29.1 88.0 
8.02 3 600 40.0 24.8 75.5 40.8 25.9 98.7 
8.47 3 800 42.2 27.7 84.1 43.1 28.9 110 
8.91 4 000 44.4 30.7 93.1 45.4 32.0 122 


FRICTION LOSS FOR WATER IN FEET PER 100 FT OF PIPE 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel-schedule 40 


E.43 


Asphalt-dipped cast iron 


ID = 7.981 in ID — 8.00 in 
8 in nominal e/D = 0.000226 e/ D = 0.00060 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.0223 10 0.0641 0.0000639 | 0.000401 0.0638 0.0000633 | 0.000399 
0.0446 20 0.128 0.000256 0.001320 0.128 0.000253 0.001320 
0.0668 30 0.192 0.000575 0.00266 0.191 0.000570 0.00269 
0.0891 40 0.257 0.00102 0.00442 0.255 0.00101 0.00447 
0.111 50 0.321 0.00160 0.00652 0.319 0.00158 0.00664 
0.134 60 0.385 0.00230 0.00904 0.382 0.00228 0.00920 
0.156 70 0.449 0.00313 0.01190 0.447 0.00310 0.01210 
0.178 80 0.513 0.00409 0.0151 0.511 0.00405 0.0154 
0.201 90 0.577 0.00518 0.0186 0.574 0.00513 0.0191 
0.223 100 0.641 0.00639 0.0224 0.638 0.00633 0.0232 
0.267 120 0.770 0.00920 0.0311 0.766 0.00911 0.0323 
0.312 140 0.898 0.0125 0.0410 0.893 0.0124 0.0428 
0.356 160 1.03 0.0164 0.0521 1.02 0.0162 0.0548 
0.401 180 1.15 0.0207 0.0644 1.15 0.0205 0.0681 
0.446 200 1.28 0.0256 0.0780 1.28 0.0253 0.0828 
0.490 220 1.41 0.0309 0.0928 1.40 0.0306 0.0989 
0.535 240 1.54 0.0368 0.1088 1.53 0.0365 0.1163 
0.579 260 1.67 0.0432 0.1260 1.66 0.0428 0.135 
0.624 280 1.80 0.0501 0.144 1.79 0.0496 0.155 
0.668 300 1.92 0.0575 0.163 1.91 0.0570 0.176 
0.713 320 2.05 0.0655 0.184 2.04 0.0648 0.198 
0.758 340 2.18 0.0739 0.206 2.17 0.0732 0.222 
0.802 360 2.31 0.0828 0.229 2.30 0.0820 0.248 
0.847 380 2.44 0.0923 0.253 2.43 0.0914 0.275 
0.891 400 2.57 0.102 0.279 2.55 0.101 0.304 
1.003 450 2.89 0.129 0.348 2.87 0.128 0.380 
1.11 500 3:21: 0.160 0.424 3,19 0.158 0.464 
1.23 550 3.53 0.193 0.507 3.51 0.191 0.557 
1.34 600 3.85 0.230 0.597 3.83 0.228 0.658 
1.45 650 4.17 0.271 0.694 4.15 0.267 0.767 
1.56 700 4.49 0.313 0.797 4.47 0.310 0.884 
1.67 750 4.81 0.360 0.907 4.79 0.356 1.01 
1.78 800 5.13 0.409 1.02 5.11 0.405 1.14 
1.89 850 5.45 0.462 1.147 5.42 0.457 1.29 
2.01 900 5.77 0.518 127 5.74 0.513 1.44 
2.12 950 6.09 0.577 1.41 6.06 0.571 1.60 
2.23 1 000 6.41 0.639 1.56 6.38 0.633 1.76 
2.45 1 100 7.05 0.773 1.87 7.02 0.766 2.14 
2.67 1 200 7.70 0.920 2.20 7.66 0.911 2.53 
2.90 1300 8.34 1.08 2.56 8.30 1.07 2.94 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel-schedule 40 


Asphalt-dipped cast iron 


ID = 7.981in ID = 8.00in 
8 in nominal e/D = 0.000226 e/D = 0.00060 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe | V (ft/s) | V?/2g (ft) of pipe 
3.12 1400 8.98 1.25 2.95 8.93 1.24 3.40 
3.34 1500 9.62 1.44 3.37 9.57 1.42 3.91 
3.56 1600 10.3 1.64 3.82 10.2 1.62 4.45 
3.79 1700 10.9 1.85 4.29 10.8 1.83 5.00 
4.01 1 800 11.5 2.07 4.79 11.5 2.05 5.58 
4.23 1 900 12.2 2.31 5.31 12.1 2.29 6.19 
4.46 2 000 12.8 2.56 5.86 12.8 2.53 6.84 
4.90 2 200 14.1 3.09 7.02 14.0 3.06 8.26 
5.35 2 400 15.4 3.68 8.31 15.3 3.65 9.80 
5.79 2 600 16.7 4.32 9.70 16.6 4.28 11.47 
6.24 2 800 18.0 5.01 11.20 17.9 4.96 13.3 
6.68 3 000 19.2 5.75 12.8 19.1 5.70 15.2 
4:15 3 200 20.5 6.55 14.5 20.4 6.48 17.3 
7.58 3 400 21.8 7.39 16.4 21.7 7.32 19.5 
8.02 3 600 23.1 8.28 18.4 23.0 8.20 21.9 
8.47 3 800 24.4 9.23 20.5 24.3 9.14 24.4 
8.91 4 000 25.7 10.2 22.6 25.5 10.1 27.0 
10.03 4 500 28.9 12.9 28.5 28.7 12.8 34.0 
11.1 5 000 32.1 16.0 35.1 31.9 15.8 42.0 
12.3 5 550 35.3 19.3 42.5 35.1 19.1 51.0 
13.4 6 000 38.5 23.0 50.5 38.3 22.8 60.5 
14.5 6 500 41.7 27.0 59.1 41.5 26.7 71.0 
15.6 7 000 44.9 31.3 68.3 44.7 31.0 82.0 
16.7 7 500 48.1 36.0 78.1 47.9 35.6 94.0 
17.8 8 000 51.3 40.9 88.6 51.1 40.5 107 


10 in nominal 


Steel-schedule 40 
ID = 10.020 in 
e/D = 0.000180 


Asphalt-dipped cast iron 


ID = 10.00 in 


e/D = 0.000480 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe | V (ft/s) | V?/2g (ft) of pipe 
0.0223 10 0.0407 0.0000257 0.000138 0.0409 0.0000259 0.000140 
0.0446 20 0.0814 0.000103 0.000451 0.0817 0.000104 0.000460 
0.0891 40 0.163 0.000412 0.00149 0.163 0.000415 0.00154 
0.134 60 0.244 0.000926 0.00304 0.245 0.000934 0.00315 
0.178 80 0.325 0.00165 0.00505 0.327 0.00166 0.00525 
0.223 100 0.407 0.00257 0.00747 0.409 0.00259 0.00783 
0.267 120 0.488 0.00370 0.0103 0.490 0.00373 0.01085 
0.312 140 0.570 0.00504 0.0136 0.572 0.00508 0.0144 
0.356 160 0.651 0.00659 0.0174 0.654 0.00664 0.0183 
0.401 180 0.732 0.00834 0.0215 0.735 0.00840 0.0227 


E.44 


FRICTION LOSS FOR WATER IN FEET PER 100 FT OF PIPE 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


E.45 


Steel-schedule 40 Asphalt-dipped cast iron 
ID = 10.020 in ID = 10.00 in 
10 in nominal e/D = 0.000180 e/D = 0.000480 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.446 200 0.814 0.0103 0.0260 0.817 0.0104 0.0276 
0.490 220 0.895 0.0125 0.0309 0.899 0.0126 0.0329 
0.535 240 0.976 0.0148 0.0362 0.980 0.0149 0.0387 
0.579 260 1.06 0.0174 0.0417 1.06 0.0175 0.0449 
0.624 280 1.14 0.0202 0.0478 1.14 0.0203 0.0514 
0.668 300 122 0.0232 0.0542 1.23 0.0233 0.0583 
0.780 350 1.42 0.0315 0.0719 1.43 0.0318 0.0778 
0.891 400 1.63 0.0412 0.0917 1.63 0.0415 0.0990 
1.003 450 1.83 0.0521 0.114 1.84 0.0525 0.1235 
1.11 500 2.03 0.0643 0.138 2.04 0.0648 0.151 
1.23 550 2.24 0.0778 0.164 2.25 0.0785 0.181 
1.34 600 2.44 0.0926 0.192 2.45 0.0934 0.214 
1.45 650 2.64 0.109 0.224 2.66 0.110 0.250 
1.56 700 2.85 0.126 0.256 2.86 0.127 0.288 
1.67 750 3.05 0.145 0.291 3.06 0.146 0.328 
1.78 800 3.25 0.165 0.328 3.27 0.166 0.370 
1.89 850 3.46 0.186 0.368 3.47 0.187 0.415 
2.01 900 3.66 0.208 0.410 3.68 0.210 0.462 
2.12 950 3.87 0.232 0.455 3.88 0.234 0.512 
2.23 1000 4.07 0.257 0.500 4.09 0.259 0.565 
2.45 1100 4.48 0.311 0.600 4.49 0.314 0.680 
2.67 1200 4.88 0.370 0.703 4.90 0.373 0.805 
2.90 1300 5.29 0.435 0.818 5.31 0.438 0.945 
3.12 1400 5.70 0.504 0.940 5.72 0.508 1.09 
3.34 1500 6.10 0.579 1.07 6.13 0.584 125 
3.56 1600 6.51 0.659 121 6.54 0.664 1.42 
3.79 1700 6.92 0.743 1.36 6.94 0.749 1.60 
4.01 1 800 7.32 0.834 1.52 7.35 0.840 1.78 
4.23 1 900 7.73 0.929 1.68 7.76 0.936 1.97 
4.46 2 000 8.14 1.03 1.86 8.17 1.04 2.17 
4.90 2 200 8.95 1.25 2.23 8.99 1.26 2.64 
5.35 2 400 9.76 1.48 2.64 9.80 1.49 3.12 
5.79 2 600 10.6 1.74 3.08 10.6 1.75 3.63 
6.24 2 800 11.4 2.02 3.56 11.4 2.03 4.18 
6.68 3 000 12.2 2.32 4.06 12.3 2.33 4.79 
7.13 3 200 13.0 2.63 4.59 13.1 2.66 5.47 
7.58 3 400 13.8 2.97 5.16 13.9 3.00 6.18 
8.02 3 600 14.6 3.33 5.76 14.7 3.36 6.91 
8.47 3 800 15.5 3.71 6.40 15.5 3.74 7.68 
8.91 4 000 16.3 4.12 7.07 16.3 4.15 8.50 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


10 in nominal 


Steel-schedule 40 
ID = 10.020 in 
e/D = 0.000180 


Asphalt-dipped cast iron 


ID = 10.00 in 


e/D = 0.000480 


Discharge h; feet h; feet 
per 100 ft per 100 ft 

ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
10.03 4 500 18.3 521 8.88 18.4 2:25 10.7 
11.1 5 000 20.3 6.43 10.9 20.4 6.48 13.2 
12.3 5 500 22.4 7.18 13.2 22:5 7.85 15.9 
13.4 6 000 24.4 9.26 15.6 24.5 9.34 18.9 
14.5 6 500 26.4 10.9 18.3 26.6 11.0 222 
15.6 7 000 28.5 12.6 21.1 28.6 12.7 25.8 
16.7 7 500 30.5 14.5 24.3 30.0 14.6 29.6 
17.8 8 000 32.5 16.5 21.5 32.7 16.6 33.6 
18.9 8 500 34.6 18.6 30.9 34.7 18.7 37.8 
20.1 9 000 36.6 20.8 34.6 36.8 21.0 42.2 
21.2 9 500 38.7 232 38.5 38.8 23.4 46.9 
22.3 10 000 40.7 25.7 42.6 40.9 25.9 51.8 


12 in nominal 


Steel-schedule 40 
D = 11.938 in 
e/D = 0.000151 


Asphalt-dipped cast iron 


ID = 12.00in 


e/D = 0.000400 


Discharge h; feet h; feet 
per 100 ft per 100 ft 

ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.223 100 0.287 0.00128 0.00325 0.284 0.00125 0.00320 
0.267 120 0.344 0.00184 0.00448 0.340 0.00180 0.00445 
0.312 140 0.401 0.00250 0.00590 0.397 0.00245 0.00589 
0.356 160 0.459 0.00327 0.00747 0.454 0.00320 0.00752 
0.401 180 0.516 0.00414 0.00920 0.511 0.00405 0.00932 
0.446 200 0.573 0.00511 0.0111 0.567 0.00500 0.01129 
0.490 220 0.631 0.00618 0.0132 0.624 0.00605 0.0135 
0.535 240 0.688 0.00735 0.0155 0.681 0.00720 0.0158 
0.579 260 0.745 0.00863 0.0180 0.738 0.00845 0.0182 
0.624 280 0.802 0.0100 0.0206 0.794 0.00980 0.0208 
0.668 300 0.860 0.0115 0.0233 0.851 0.0113 0.0236 
0.780 350 1.00 0.0156 0.0306 0.993 0.0153 0.0316 
0.891 400 1.15 0.0204 0.0391 1.13 0.0200 0.0404 
1.00 450 1.29 0.0259 0.0485 128 0.0253 0.0500 
141 500 1.43 0.0319 0.0587 1.42 0.0313 0.0604 
1.23 550 1.58 0.0386 0.0698 1.56 0.0378 0.0718 
1.34 600 1.72 0.0460 0.0820 1.70 0.0450 0.0845 
1.45 650 1.86 0.0539 0.0950 1.84 0.0528 0.0990 
1.56 700 2.01 0.0626 0.109 1.99 0.0613 0.115 
1.67 750 2.15 0.0718 0.124 2.13 0.0703 0.131 
1.78 800 2.29 0.0817 0.140 2.27 0.0800 0.148 
1.89 850 2.44 0.0922 0.156 2.41 0.0903 0.166 
2.01 900 2.58 0.103 0.173 2.55 0.101 0.184 
2.12 950 2.72 0.115 0.191 2.69 0.113 0.203 
2.23 1 000 2.87 0.128 0.210 2.84 0.125 0.224 


E.46 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued ) 


12 in nominal 


Steel-schedule 40 
D = 11.938 in 
e/D = 0.000151 


Asphalt-dipped cast iron 


ID = 12.00in 


e/D = 0.000400 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
2.45 1100 3.15 0.154 0.251 3.12 0.151 0.272 
2.67 1200 3.44 0.184 0.296 3.40 0.180 0.321 
2.90 1300 3.73 0.216 0.344 3.69 0.211 0.372 
3.12 1 400 4.01 0.250 0.395 3.97 0.245 0.428 
3.34 1500 4.30 0.287 0.450 4.26 0.281 0.488 
3.56 1600 4.59 0.327 0.509 4.54 0.320 0.552 
3.79 1700 4.87 0.369 0.572 4.82 0.361 0.621 
4.01 1800 5.16 0.414 0.636 5.11 0.405 0.695 
4.23 1900 5.45 0.461 0.704 5.39 0.451 0.774 
4.46 2 000 5:73 0.511 0.776 5.67 0.500 0.858 
4.90 2 200 6.31 0.618 0.930 6.24 0.605 1.03 
5.35 2 400 6.88 0.735 1.093 6.81 0.720 1.22 
5.79 2 600 TAS 0.863 1.28 7.38 0.845 1.43 
6.24 2 800 8.03 1.00 1.47 7.94 0.980 1.65 
6.68 3 000 8.60 1.15 1.68 8.51 1.13 1.88 
7.13 3 200 9.17 1.31 1.90 9.08 1.28 2.13 
7.58 3 400 9.75 1.48 2.13 9.65 1.45 2.41 
8.02 3 600 10.3 1.65 2.37 10.2 1.62 2.70 
8.47 3 800 10.9 1.84 2.63 10.8 1.81 3.00 
8.91 4 000 11.5 2.04 2.92 11.3 2.00 3.31 
10.03 4 500 12.9 2.59 3.65 12.8 2.53 4.18 
11.1 5 000 14.3 3.19 4.47 14.2 3.13 5.13 
12.3 5 500 15.8 3.86 5.38 15.6 3.78 6.17 
13.4 6 000 17.2 4.60 6.39 17.0 4.50 7.30 
14.5 6 500 18.6 5.39 7.41 18.4 528 8.55 
15.6 7 000 20.1 6.26 8.63 19.9 6.13 9.92 
16.7 7 500 21:5 7.18 9.88 21.3 7.03 11.4 
17.8 8 000 22.9 8.17 11.20 22.7 8.00 13.0 
18.9 8 500 24.4 9.22 12.6 24.1 9.04 14.7 
20.1 9 000 25.8 10.3 14.1 25.5 10.1 16.4 
21.2 9 500 27.2 11.5 15.7 26.9 11.3 18.2 
22.3 10 000 28.7 12.8 17.4 28.4 12.5 20.2 
24.5 11 000 31.5 15.4 21.0 312 15.1 24.2 
26.7 12 000 34.4 18.3 24.8 34.0 18.0 28.8 
29.0 13 000 37.3 21.6 28.9 36.9 21.1 34.0 
31.2 14 000 40.1 25.0 33.5 39.7 24.5 39.7 
33.4 15 000 43.0 28.7 38.4 42.6 28.1 45.7 
35.6 16 000 45.9 32.7 43.7 45.4 32.0 51.8 
37.9 17 000 48.7 36.9 49.2 48.2 36.1 58.2 
40.1 18 000 51.6 41.4 55.2 51.1 40.5 65.0 
42.3 19 000 54.5 46.1 61.5 53.9 45.1 72.1 
44.6 20 000 57.3 51.1 68.1 56.7 50.0 79.8 


E.47 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


16 in nominal 


Steel-schedule 40 
ID = 15.000 in 
e/D = 0.000120 


Asphalt-dipped cast iron 


ID = 16.00in 


e/D = 0.000300 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) | of pipe 
0.668 300 0.545 0.00461 0.00769 0.479 0.00356 0.00581 
0.891 400 0.726 0.00820 0.0129 0.638 0.00633 0.00980 
1.114 500 0.908 0.0128 0.0193 0.798 0.00989 0.0148 
1.34 600 1.09 0.0184 0.0269 0.957 0.0142 0.0207 
1.56 700 1.27 0.0251 0.0356 1.12 0.0194 0.0276 
1.78 800 1.45 0.0328 0.0454 1.28 0.0253 0.0354 
2.01 900 1.63 0.0415 0.0563 1.44 0.0320 0.0441 
2.23 1 000 1.82 0.0512 0.0683 1.60 0.0396 0.0537 
2.67 1200 2.18 0.0738 0.0953 1.91 0.0570 0.0760 
3:12 1 400 2.54 0.1004 0.127 2.23 0.0775 0.101 
3.56 1600 2.90 0.131 0.163 2.55 0.101 0.130 
4.01 1 800 3.27 0.166 0.203 2.87 0.128 0.163 
4.46 2 000 3.63 0.205 0.248 3.19 0.158 0.200 
5.57 2 500 4.54 0.320 0.377 3.99 0.247 0.307 
6.68 3 000 5.45 0.461 0.535 4.79 0.356 0.435 
7.80 3 500 6.35 0.627 0.718 5.58 0.485 0.584 
8.91 4 000 7.26 0.820 0.921 6.38 0.633 0.754 
10.02 4 500 8.17 1.04 1.15 7.18 0.801 0.948 
11.1 5 000 9.08 1.28 1.41 7.98 0.989 1.17 
13.4 6 000 10.9 1.84 2.01 9.57 1.42 1.66 
15.6 7 000 12.7 2.51 2.69 11.2 1.94 2.26 
17.8 8 000 14.5 3.28 3.49 12.8 2.53 2.96 
20.1 9 000 16.3 4.15 4.38 14.4 3.20 3.73 
223 10 000 18.2 5.12 5.38 16.0 3.96 4.57 
24.5 11 000 20.0 6.20 6.49 17.6 4.79 5.50 
26.7 12 000 21.8 7.38 7.69 19.1 5.70 6.52 
29.0 13 000 23.6 8.66 8.99 20.7 6.69 7.63 
31.2 14 000 25.4 10.04 10.4 22.3 7.75 8.81 
33.4 15 000 21.2 11.5 11.9 23.9 8.90 10.1 
35.6 16 000 29.0 13.1 13.5 25.5 10.1 11.5 
37.9 17 000 30.9 14.8 15.3 27.1 11.4 13.0 
40.1 18 000 32.7 16.6 17.2 28.7 12.8 14.6 
42.3 19 000 34.5 18.5 19.2 30.3 14.3 16.3 
44.6 20 000 36.3 20.5 21.2 31.9 15.8 18.1 
49.0 22 000 39.9 24.8 25.5 35.1 19.1 21.8 
53.5 24 000 43.6 29.5 30.2 38.3 22.8 25.9 
57.9 26 000 47.2 34.6 35.4 41.5 26.7 30.4 
62.4 28 000 50.8 40.2 41.0 44.7 31.0 353 
66.8 30 000 54.5 46.1 47.0 47.9 35.6 40.5 
71.3 32 000 58.1 524 53.5 51.1 40.5 46.0 
75.8 34 000 61.7 592 60.2 54.3 45.7 51.9 
80.2 36 000 65.4 66.4 67.2 57.4 51.3 58.1 
84.7 38 000 69.0 74.0 75.0 60.6 57.1 64.7 
89.1 40 000 72.6 82.0 83.0 63.8 63.3 71.7 
93.6 42 000 76.2 90.4 91.5 67.0 69.8 79.1 
98.0 44 000 79.9 99.2 101 70.2 76.6 86.9 
102.5 46 000 83.5 108.4 110 73.4 83.7 95.0 
107 48 000 87.1 118 118 76.6 91.2 103 
111 50 000 90.8 128 128 79.8 98.9 112 


E.48 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


18 in nominal 


Steel-schedule 40 
ID = 16.876 in 
e/D = 0.000107 


Asphalt-dipped cast iron 


ID = 18.00 in 


e/D = 0.000267 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.668 300 0.430 0.00288 0.00437 0.378 0.00222 0.00328 
0.891 400 0.574 0.00512 0.00730 0.504 0.00359 0.00554 
1.114 500 0.717 0.00799 0.0109 0.630 0.00618 0.00832 
1.34 600 0.861 0.0115 0.0152 0.756 0.00889 0.01162 
1.56 700 1.00 0.0157 0.0201 0.883 0.0121 0.0154 
1.78 800 1.15 0.0205 0.0256 1.01 0.0158 0.0197 
2.01 900 1.29 0.0259 0.0318 1.13 0.0200 0.0245 
2:23 1 000 1.43 0.0320 0.0386 1.26 0.0247 0.0298 
2.67 1200 1.72 0.0460 0.0541 1.51 0.0356 0.0420 
3:12 1400 2.01 0.0627 0.0719 1.77 0.0484 0.0560 
3.56 1600 2.30 0.0819 0.092 2.02 0.0632 0.0728 
4.01 1800 2.58 0.1036 0.114 2.27 0.0800 0.0910 
4.46 2 000 2.87 0.128 0.139 2:292. 0.0988 0.110 
5.57 2 500 3.59 0.200 0.211 3.15 0.154 0.170 
6.68 3 000 4.30 0.288 0.297 3.78 0.222 0.240 
7.80 3 500 5.02 0.392 0.397 4.41 0.303 0.320 
8.91 4 000 5.74 0.512 0.511 5.04 0.395 0.415 
10.02 4 500 6.45 0.647 0.639 5.67 0.500 0.525 
11.1 5 000 747 0.799 0.781 6.30 0.618 0.645 
13.4 6 000 8.61 1.15 1.11 7.56 0.889 0.920 
15.6 7 000 10.0 1.57 1.49 8.83 1:21 1.24 
17.8 8 000 11.5 2.05 1.93 10.09 1.58 1.61 
20.1 9 000 12.9 2.59 2.42 11.3 2.00 2.02 
22.3 10 000 14.3 3.20 2.97 12.6 2.47 2.48 
26.7 12 000 17.2 4.60 4.21 15.1 3.56 3.56 
31.2 14 000 20.1 6.27 5.69 17.7 4.84 4.85 
35.6 16 000 22.9 8.19 7.41 20.2 6.32 6.34 
40.1 18 000 25.8 10.36 9.33 22-1 8.00 8.02 
44.6 20 000 28.7 12.8 11.5 25.2 9.88 9.88 
49.0 22 000 31.6 15.5 13.9 27.7 12.0 11.90 
53.5 24 000 34.4 18.4 16.5 30.3 14.2 14.10 
57.9 26 000 37.3 21.6 19.2 32.8 16.7 16.50 
62.4 28 000 40.2 25.1 22.2 35.3 19.4 19.1 
66.8 30 000 43.0 28.8 25.5 37.8 22.9 21.9 
71.3 32 000 45.9 32.7 29.0 40.3 253 24.9 
75.8 34 000 48.8 37.0 32.8 42.9 28.6 28.1 
80.2 36 000 51.6 41.4 36.8 45.4 32.0 31.5 
84.7 38 000 54.5 46.2 40.8 47.9 35.7 35.1 
89.1 40 000 57.4 512 45.0 50.4 39.5 38.9 
93.6 42 000 60.2 56.4 49.7 53.0 43.6 42.9 
98 44 000 63.1 61.9 54.5 55.5 47.8 47.0 
102 46 000 66.0 67.7 59.5 58.0 523 51.3 
107 48 000 68.9 73.7 64.8 60.5 56.9 55.8 
111 50 000 71.7 79.9 70.2 63.0 61.8 60.5 
123 55 000 78.9 96.7 84.8 69.3 74.7 73.0 
134 60 000 86.1 115 101 75.6 88.9 86.7 
145 65 000 93.2 135 118 82.0 104.4 101.8 
156 70 000 100.4 157 136 88.3 121 118 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


20 in nominal 


Steel-schedule 40 
ID = 18.812 in 
e/D = 0.0000957 


Asphalt-dipped cast iron 


ID = 20.00 in 


e/D = 0.000240 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) | of pipe 
0.668 300 0.346 0.00186 0.00258 0.306 0.00146 0.00197 
0.891 400 0.462 0.00331 0.00432 0.408 0.00259 0.00332 
1.114 500 0.577 0.00517 0.00645 0.511 0.00405 0.00496 
1.34 600 0.692 0.00745 0.00897 0.613 0.00583 0.00691 
1.56 700 0.808 0.0101 0.01186 0.715 0.00794 0.00918 
1.78 800 0.923 0.0132 0.0152 0.817 0.0104 0.0117 
2.01 900 1.039 0.0168 0.0188 0.919 0.0131 0.0146 
2.23 1 000 1.15 0.0207 0.0227 1.02 0.0162 0.0177 
2.67 1200 1.38 0.0298 0.0318 1.23 0.0233 0.0249 
3.12 1 400 1.62 0.0406 0.0422 1.43 0.0318 0.0332 
3.56 1600 1.85 0.0530 0.0538 1.63 0.0415 0.0427 
4.01 1 800 2.08 0.0671 0.0669 1.84 0.0525 0.0533 
4.46 2 000 2.31 0.0828 0.0812 2.04 0.0648 0.0650 
5.57 2 500 2.89 0.129 0.123 2:55 0.1013 0.0998 
6.68 3 000 3.46 0.186 0.174 3.06 0.146 0.140 
7.80 3 500 4.04 0.254 0.232 3.57 0.198 0.188 
8.91 4 000 4.62 0.331 0.298 4.08 0.259 0.243 
10.02 4 500 5.19 0.419 0.372 4.59 0.328 0.306 
11.1 5 000 5.77 0.517 0.455 5.11 0.405 0.376 
13.4 6 000 6.92 0.745 0.645 6.13 0.583 0.533 
15.6 7 000 8.08 1.014 0.862 7:15 0.794 0.721 
17.8 8 000 9.23 1.32 1.11 8.17 1.04 0.935 
20.1 9 000 10.39 1.68 1.39 9.19 1.31 1.18 
22.3 10 000 11.5 2.07 1.70 10.2 1.62 1.45 
26.7 12 000 13.8 2.98 2.44 12.3 2.33 2.07 
31.2 14 000 16.2 4.06 3.29 14.3 3.18 2.80 
35.6 16 000 18.5 5.30 4.26 16.3 4.15 3.66 
40.1 18 000 20.8 6.71 5.35 18.4 5.25 4.62 
44.6 20 000 23.1 8.28 6.56 20.4 6.48 5.67 
49.0 22 000 25.4 10.02 7.91 22.5 7.84 6.85 
53.5 24 000 21.1 11.9 9.39 24.5 9.33 8.13 
57.9 26 000 30.0 14.0 11.0 26.5 10.95 9.54 
62.4 28 000 32.3 16.2 12.7 28.6 12.7 11.1 
66.8 30 000 34.6 18.6 14.6 30.6 14.6 12:7 
71.3 32 000 36.9 21.2 16.6 32.7 16.6 14.4 
75.8 34 000 39.2 23.9 18.7 34.7 18.7 16.3 
80.2 36 000 41.5 26.8 20.9 36.8 21.0 18.2 
84.7 38 000 43.9 29.9 23.2 38.8 23.4 20.2 
89.1 40 000 46.2 33.1 25T. 40.8 25.9 22.4 
93.6 42 000 48.5 36.5 28.4 42.9 28.6 24.7 
98 44 000 50.8 40.1 31.3 44.9 31.4 27.1 
102 46 000 53.1 43.8 34.2 47.0 34.3 29.7 
107 48 000 55.4 47.7 37.1 49.0 37.3 32.4 
111 50 000 57.7 51.7 40.0 51.1 40.5 35.2 
123 55 000 63.5 62.6 48.3 562 49.0 4 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


20 in nominal 


Steel-schedule 40 
ID = 18.812 in 
e/D = 0.0000957 


Asphalt-dipped cast iron 


ID = 20.00 in 


e/D = 0.000240 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
134 60 000 69.2 74.5 574 61.3 58.3 50.4 
145 65 000 75.0 87.4 67.2 66.4 68.5 59.0 
156 70 000 80.8 101.4 778 71.5 79.4 68.4 
167 75 000 86.6 116 89.3 76.6 91.1 78.6 
178 80 000 92.3 132 102 81.7 103.7 89.5 
189 85 000 98.1 150 115 86.8 117 101 
201 90 000 103.9 168 129 91.9 131 113 
212 95 000 109.6 187 143 97.0 146 126 
223 100 000 115.4 207 158 102.1 162 139 
Steel-schedule 40 Asphalt-dipped cast iron 
ID = 22.624 in ID = 24.00 in 
24 in nominal e/D = 0.0000796 e/D = 0.000200 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.668 300 0.239 0.000891 0.00107 0.213 0.000703 | 0.000821 
0.891 400 0.319 0.00158 0.00178 0.284 0.00125 0.00137 
1.114 500 0.399 0.00247 0.00267 0.355 0.00195 0.00205 
1.34 600 0.479 0.00356 0.00371 0.426 0.00281 0.00284 
1.56 700 0.559 0.00485 0.00490 0.496 0.00383 0.00376 
1.78 800 0.638 0.00633 0.00621 0.567 0.00500 0.00480 
2.01 900 0.716 0.00801 0.00767 0.638 0.00633 0.00597 
2.23 1000 0.798 0.00989 0.00928 0.709 0.00782 0.00724 
2.67 1200 0.958 0.0142 0.0129 0.851 0.01126 0.0102 
3.12 1400 1.12 0.0194 0.0171 0.993 0.0153 0.0135 
3.56 1600 1.28 0.0253 0.0219 1.135 0.0200 0.0173 
4.01 1800 1.44 0.0321 0.0272 1.276 0.0253 0.0216 
4.46 2 000 1.60 0.0396 0.0330 1.42 0.0313 0.0262 
5.57 2 500 1.99 0.0618 0.0499 1.77 0.0489 0.0398 
6.68 3 000 2.39 0.0891 0.0700 2.13 0.0703 0.0563 
7.80 3 500 2.79 0.121 0.0934 2.48 0.0957 0.0759 
8.91 4 000 3.19 0.158 0.120 2.84 0.125 0.098 
10.02 4500 3.59 0.200 0.149 3.19 0.158 0.122 
11.1 5 000 3.99 0.247 0.181 3.55 0.195 0.149 
134 6 000 4.79 0.356 0.257 4.26 0.281 0.211 
15.6 7 000 5.59 0.485 0.343 4.96 0.383 0.284 
17.8 8 000 6.38 0.633 0.441 5.67 0.500 0.368 
20.1 9 000 748 0.801 0.551 6.38 0.633 0.464 
22.3 10 000 7.98 0.989 0.671 7.09 0.782 0.571 
26.7 12 000 9.58 1.42 0.959 8.51 1.126 0.816 
31.2 14 000 11.2 1.94 1.29 9.93 1.53 1.11 
35.6 16 000 12.8 2.53 1.67 11.35 2.00 1.43 
40.1 18 000 14.4 3.21 2.10 12.76 2.53 1.80 
44.6 20 000 16.0 3.96 2.58 14.2 3.13 221 
49.0 22 000 17.6 4.79 3.10 15.6 3.78 2.67 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel-schedule 40 Asphalt-dipped cast iron 
ID = 22.624 in ID = 24.00 in 
24 in nominal e/D = 0.0000796 e/D = 0.000200 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
53.5 24 000 19.2 5.70 3.67 17.0 4.50 3.16 
57.9 26 000 20.7 6.69 4.29 18.4 528 3.71 
62.4 28 000 22.3 7.76 4.96 19.9 6.13 4.32 
66.8 30 000 23.9 8.91 5.68 21.3 7.03 4.97 
71.3 32 000 25.5 10.13 6.42 22.7 8.00 5.65 
75.8 34 000 27.1 11.4 7.22 24.1 9.04 6.35 
80.2 36 000 28.7 12.8 8.08 25.5 10.13 7.10 
84.7 38 000 30.3 14.3 9.00 26.9 113 7.90 
89.1 40 000 31.9 15.8 9.98 28.4 12.5 8.75 
93.6 42 000 33.5 17.5 11.0 29.8 13.8 9.63 
98.0 44 000 35.1 19.2 12.1 31.2 15.1 10.5 
102 46 000 36.7 20.9 13.2 32.6 16.5 11.5 
107 48 000 38.3 22.8 14.3 34.0 18.0 12.5 
111 50 000 39.9 24.7 15.5 35.5 19.5 13.6 
123 55 000 43.9 29.9 18.7 39.0 23.6 16.4 
134 60 000 47.9 35.6 22.3 42.6 28.1 19.5 
145 65 000 51.9 41.8 26.2 46.1 33.0 22.9 
156 70 000 55.9 48.5 30.4 49.6 38.3 26.5 
167 75 000 59.8 55.7 34.8 53:2 44.0 30.5 
178 80 000 63.8 63.3 39.4 56.7 50.0 34.7 
189 85 000 67.8 71.5 44.4 60.3 56.5 392 
201 90 000 71.8 80.1 49.7 63.8 63.3 43.9 
212 95 000 75.8 89.3 55.5 67.4 70.5 48.9 
223 100 000 79.8 98.9 61.5 70.9 78.2 542 
245 110 000 87.8 120 74.0 78.0 94.6 65.5 
267 120 000 95.8 142 88.0 85.1 113 78.0 
290 130 000 103.7 167 103 92.2 132 91.5 
312 140 000 112 194 119 99.3 153 106 
334 150 000 120 223 137 106 200 121 
Steel-schedule 40 Asphalt-dipped cast iron 
ID = 29.000 in ID = 30.00 in 
30 in nominal e/D = 0.0000621 e/D = 0.000160 
Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft/s | gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
0.891 400 0.194 0.000587 0.000540 0.182 0.000512 0.000466 
1.114 500 0.243 0.000917 0.000805 0.227 0.000800 0.000695 
1.34 600 0.291 0.00132 0.001115 0.272 0.00115 0.000964 
1.56 700 0.340 0.00180 0.00147 0.318 0.00157 0.00128 
1.78 800 0.389 0.00235 0.00187 0.363 0.00205 0.00163 
2.01 900 0.437 0.00297 0.00231 0.408 0.00259 0.00202 
2.23 1 000 0.486 0.00367 0.00280 0.454 0.00320 0.00244 
2.67 1 200 0.583 0.00528 0.00390 0.545 0.00461 0.00343 
3.12 1 400 0.680 0.00719 0.00514 0.635 0.00627 0.00452 
3.56 1 600 0.777 0.00939 0.00652 0.726 0.00819 0.00577 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


30 in nominal 


Steel-schedule 40 
ID = 29.000 in 
e/D = 0.0000621 


Asphalt-dipped cast iron 


ID = 30.00 in 


e/D = 0.000160 


Discharge h; feet h; feet 
per 100 ft per 100 ft 
ft?/s gal/min | V (ft/s) | V?/2g (ft) of pipe V (ft/s) | V?/2g (ft) of pipe 
4.01 1800 0.874 0.0119 0.00814 0.817 0.0104 0.00720 
4.46 2 000 0.971 0.0147 0.00986 0.908 0.0128 0.00876 
5.57 2 500 1.21 0.0229 0.0148 1.13 0.0200 0.0132 
6.68 3 000 1.46 0.0330 0.0206 1.36 0.0288 0.0186 
7.80 3 500 1.70 0.0449 0.0276 1.59 0.0392 0.0248 
8.91 4 000 1.94 0.0587 0.0354 1.82 0.0512 0.0320 
10.02 4 500 2.19 0.0742 0.0440 2.04 0.0648 0.0400 
11.14 5 000 2.43 0.0917 0.0535 2.27 0.0800 0.0488 
13.4 6 000 2.91 0.132 0.0750 2-12 0.115 0.0690 
15.6 7 000 3.40 0.180 0.100 3.18 0.157 0.0923 
17.8 8 000 3.89 0.235 0.129 3.63 0.205 0.119 
20.1 9 000 4.37 0.297 0.161 4.08 0.259 0.149 
22.3 10 000 4.86 0.367 0.196 4.54 0.320 0.183 
26.7 12 000 5.83 0.528 0.277 5.45 0.461 0.260 
312 14 000 6.80 0.719 0.371 6.35 0.627 0.351 
35.6 16 000 7.77 0.939 0.478 7.26 0.819 0.455 
40.1 18 000 8.74 1.19 0.598 8.17 1.04 0.572 
44.6 20 000 9.71 1.47 0.732 9.08 1.28 0.703 
55.7 25 000 12.1 2.29 1.13 11:3 2.00 1.09 
66.8 30 000 14.6 3.30 1.61 13.6 2.88 1.57 
78.0 35 000 17.0 4.49 2e: 15.9 3.92 2.13 
89.1 40 000 19.4 5.87 2.83 18.2 5.12 2.77 
100 45 000 21.9 7.42 3.56 20.4 6.48 3.50 
111 50 000 24.3 9.17 4.38 22.7 8.00 4.30 
134 60 000 29.1 13.2 6.23 27.2 11.5 6.19 
156 70 000 34.0 18.0 8.43 31.8 15.7 8.39 
178 80 000 38.9 23.5 11.0 36.3 20.5 10.9 
201 90 000 43.7 29.7 13.8 40.8 25.9 13.8 
223 100 000 48.6 36.7 17.0 45.4 32.0 17.0 
245 110 000 53.4 44.4 20.6 49.9 38.7 20.5 
267 120 000 58.3 52.8 24.5 54.5 46.1 24.4 
290 130 000 63.1 62.0 28.7 59.0 54.1 28.6 
312 140 000 68.0 71.9 33.3 63.5 62.7 33.1 
334 150 000 72.9 82.5 382 68.1 72.0 38.0 
356 160 000 T 93.9 43.3 72.6 81.9 43.2 
379 170 000 82.6 106 48.8 77.2 92.5 48.7 
401 180 000 87.4 119 54.7 81.7 104 54.7 
423 190 000 92.3 132 60.8 86.2 116 61.0 
446 200 000 97.1 147 67.1 90.8 128 67.6 
468 210 000 102 162 73.8 95.3 141 74.5 
490 220 000 107 177 81.0 99.8 155 81.7 
512 230 000 112 194 88.6 104 169 89.2 
535 240 000 117 211 96.7 109 184 97.0 
557 250 000 121 229 106 113 200 105 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel Cast iron 
36 in ID e/D = 0.0000500 e/D = 0.000133 
Discharge 
h, feet per 100 h; feet per 100 
ft?/s gal/min V (ft/s) V?/2g (ft) ft of pipe ft of pipe 
2.23 1 000 0.315 0.00154 0.000988 0.00101 
2.67 1200 0.378 0.00222 0.00137 0.00140 
3.12 1400 0.441 0.00303 0.00181 0.00186 
3.56 1600 0.504 0.00395 0.00231 0.00237 
4.01 1 800 0.567 0.00500 0.00285 0.00295 
4.46 2 000 0.630 0.00618 0.00344 0.00357 
5.57 2 500 0.788 0.00965 0.00517 0.00538 
6.68 3 000 0.946 0.0139 0.00721 0.00751 
7.80 3 500 1.103 0.0189 0.00957 0.0101 
8.91 4 000 1.26 0.0247 0.0122 0.0129 
10.02 4 500 141 0.0313 0.0152 0.0161 
11.14 5 000 1.58 0.0386 0.0185 0.0196 
13.4 6 000 1.89 0.0556 0.0260 0.0276 
15.6 7 000 2.21 0.0756 0.0345 0.0369 
17.8 8 000 2.52 0.0988 0.0442 0.0475 
20.1 9 000 2.84 0.125 0.0551 0.0593 
22.3 10 000 3.15 0.154 0.0670 0.0724 
26.7 12 000 3.78 0.222 0.0942 0.103 
31.2 14 000 4.41 0.303 0.126 0.139 
35.6 16 000 5.04 0.395 0.162 0.180 
40.1 18 000 5.67 0.500 0.203 0.227 
44.6 20 000 6.30 0.618 0.248 0.279 
55.7 25 000 7.88 0.965 0.378 0.430 
66.8 30 000 9.46 1.39 0.540 0.617 
78.0 35 000 11.03 1.89 0.724 0.832 
89.1 40 000 12.6 2.47 0.941 1.08 
100 45 000 14.1 3.13 1.18 1.36 
111 50 000 15.8 3.86 1.45 1.68 
134 60 000 18.9 5.56 2.07 2.40 
156 70 000 22.1 7.56 2.81 3.25 
178 80 000 252 9.88 3.66 4.23 
201 90 000 28.4 12.5 4.59 5.34 
223 100 000 31.5 15.4 5.64 6.58 
267 120 000 37.8 222 8.05 9.50 
312 140 000 44.1 30.3 10.9 12.9 
356 160 000 50.4 39.5 142 16.8 
401 180 000 56.7 50.0 17.9 21.3 
446 200 000 63.0 61.8 22.1 26.3 
557 250 000 78.8 96.5 34.4 41.0 
668 300 000 94.6 139 49.4 58.8 
780 350 000 110 189 67.0 80.0 
891 400 000 126 247 87.3 105 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel Cast iron 
42 in ID e/D = 0.0000429 e/D = 0.000114 
Discharge 
h; feet per 100 h; feet per 100 
ft?/s gal/min V (ft/s) V?/2g (ft) ft of pipe ft of pipe 
2.23 1 000 0.232 0.000833 0.000471 0.000481 
3.34 1500 0.347 0.00187 0.000977 0.000997 
4.46 2 000 0.463 0.00333 0.00164 0.00168 
5.57 2 500 0.579 0.00521 0.00246 0.00252 
6.68 3 000 0.695 0.00750 0.00343 0.00353 
7.80 3 500 0.811 0.0102 0.00454 0.00470 
8.91 4 000 0.926 0.0133 0.00580 0.00602 
10.02 4 500 1.042 0.0169 0.00720 0.00750 
11.14 5 000 1.16 0.0208 0.00874 0.00915 
13.4 6 000 1.39 0.0300 0.0122 0.0128 
15.6 7 000 1.62 0.0408 0.0162 0.0172 
17.8 8 000 1.85 0.0533 0.0208 0.0222 
20.1 9 000 2.08 0.0675 0.0258 0.0276 
22.3 10 000 2.32 0.0833 0.0314 0.0337 
26.7 12 000 2.78 0.120 0.0441 0.0477 
31.2 14 000 3.24 0.163 0.0591 0.0641 
35.6 16 000 3.71 0.213 0.0758 0.0829 
40.1 18 000 4.17 0.270 0.0944 0.104 
44.6 20 000 4.63 0.333 0.115 0.127 
55.7 25 000 5.79 0.521 0.176 0.196 
66.8 30 000 6.95 0.750 0.250 0.279 
78.0 35 000 8.11 1.02 0.334 0.377 
89.1 40 000 9.26 1.33 0.433 0.490 
100 45 000 10.42 1.69 0.545 0.619 
111 50 000 11.6 2.08 0.668 0.760 
134 60 000 13.9 3.00 0.946 1.09 
156 70 000 16.2 4.08 1.27 1.48 
178 80 000 18.5 5.33 1.66 1.92 
201 90 000 20.8 6.75 2.08 2.42 
223 100 000 23.2 8.33 2.57 2.98 
267 120 000 27.8 12.0 3.67 4.30 
312 140 000 32.4 16.3 4.98 5.82 
356 160 000 37.1 21.3 6.46 7.58 
401 180 000 41.7 27.0 8.12 9.58 
446 200 000 46.3 33.3 10.00 11.8 
557 250 000 57.9 52.1 15.6 18.4 
668 300 000 69.5 75.0 22.3 26.5 
780 350 000 811 102 30.4 36.1 
891 400 000 92.6 133 39.6 47.2 
1002 450 000 104.2 169 50.1 59.7 
1114 500 000 116 208 67.7 73.6 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel Cast iron 
48 in ID e/D = 0.0000375 e/D = 0.000100 
Discharge 
h; feet per 100 h; feet per 100 
ft?/s gal/min V (ft/s) V’/2g (ft) ft of pipe ft of pipe 
3.34 1500 0.266 0.00110 0.000508 0.000521 
4.46 2 000 0.355 0.00195 0.000855 0.000883 
5.57 2 500 0.443 0.00305 0.00129 0.00133 
6.68 3 000 0.532 0.00440 0.00180 0.00185 
7.80 3 500 0.621 0.00598 0.00238 0.00245 
8.91 4 000 0.709 0.00782 0.00304 0.00314 
10.02 4 500 0.798 0.00989 0.00378 0.00391 
11.14 5 000 0.887 0.01221 0.00458 0.00474 
13.4 6 000 1.064 0.0176 0.00636 0.00667 
15.6 7 000 1.24 0.0239 0.00844 0.00890 
17.8 8 000 1.42 0.0313 0.0108 0.0114 
20.1 9 000 1.60 0.0396 0.0134 0.0142 
22.3 10 000 1.77 0.0489 0.0163 0.0173 
26.7 12 000 2.13 0.0703 0.0229 0.0244 
31.2 14 000 2.48 0.0957 0.0305 0.0327 
35.6 16 000 2.84 0.125 0.0391 0.0422 
40.1 18 000 3.19 0.158 0.0488 0.0529 
44.6 20 000 3.55 0.195 0.0598 0.0648 
55.7 25 000 4.43 0.305 0.0910 0.0996 
66.8 30 000 5.32 0.440 0.128 0.142 
78.0 35 000 6.21 0.598 0.172 0.192 
89.1 40 000 7.09 0.782 0.222 0.248 
100.2 45 000 7.98 0.989 0.278 0.314 
111.4 50 000 8.87 1.221 0.341 0.384 
134 60 000 10.64 1.76 0.484 0.548 
156 70 000 124 2.39 0.652 0.742 
178 80 000 142 3.13 0.849 0.968 
201 90 000 16.0 3.96 1.06 122 
223 100 000 17.7 4.89 1.30 1.50 
267 120 000 21.3 7.03 1.87 2.15 
312 140 000 24.8 9.57 2.51 2.92 
356 160 000 28.4 12.5 3.26 3.81 
401 180 000 31.9 15.8 4.11 4.83 
446 200 000 355 19.5 5.05 5.97 
557 250 000 44.3 30.5 7.88 9.28 
668 300 000 532 44.0 113 13.4 
780 350 000 62.1 59.8 15.3 18.2 
891 400 000 70.9 78.2 20.0 23.7 
1002 450 000 79.8 98.9 25.2 29.9 
1114 500 000 88.7 122.1 31.1 36.8 
1225 550 000 97.5 148 37.6 44.5 
1337 600 000 106.4 176 44.7 53.0 


TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel Cast iron 
60 in ID e/D = 0.0000300 e/D = 0.000800 
Discharge 
h; feet per 100 h; feet per 100 
ft?/s gal/min V (ft/s) V?/2g (ft) ft of pipe ft of pipe 
4.46 2 000 0.227 0.000800 0.000293 0.000298 
5.57 2 500 0.284 0.00125 0.000440 0.000446 
6.68 3 000 0.340 0.00180 0.000612 0.000621 
7.80 3 500 0.397 0.00245 0.000810 0.000824 
8.91 4 000 0.454 0.00320 0.00103 0.00105 
10.02 4 500 0.511 0.00405 0.00128 0.00131 
11.14 5 000 0.567 0.00500 0.00155 0.00159 
13.4 6 000 0.681 0.00720 0.00216 0.00223 
15.6 7 000 0.794 0.00980 0.00285 0.00297 
17.8 8 000 0.908 0.0128 0.00365 0.00382 
20.1 9 000 1.021 0.0162 0.00454 0.00476 
22.3 10 000 1.13 0.0200 0.00550 0.00579 
26.7 12 000 1.36 0.0288 0.00766 0.00815 
31.2 14 000 1.59 0.0392 0.0102 0.0108 
35.6 16 000 1.82 0.0512 0.0131 0.0140 
40.1 18 000 2.04 0.0648 0.0163 0.0174 
44.6 20 000 2.27 0.0800 0.0198 0.0212 
55.7 25 000 2.84 0.125 0.0301 0.0325 
66.8 30 000 3.40 0.180 0.0424 0.0460 
78.0 35 000 3.97 0.245 0.0567 0.0618 
89.1 40 000 4.54 0.320 0.0730 0.0800 
100.2 45 000 5.11 0.405 0.0916 0.100 
111.4 50 000 5.67 0.500 0.112 0.124 
134 60 000 6.81 0.720 0.158 0.176 
156 70 000 7.94 0.980 0.213 0.237 
178 80 000 9.08 1.28 0.275 0.307 
201 90 000 10.21 1.62 0.344 0.387 
223 100 000 11.3 2.00 0.420 0.478 
267 120 000 13.6 2.88 0.600 0.688 
312 140 000 15.9 3.92 0.806 0.930 
356 160 000 18.2 5.12 1.04 1.20 
401 180 000 20.4 6.48 1.32 1.52 
446 200 000 22.7 8.00 1.62 1.87 
557 250 000 28.4 12.5 2.52 2.92 
668 300 000 34.0 18.0 3.60 4.20 
780 350 000 39.7 24.5 4.88 5.71 
891 400 000 45.4 32.0 6.34 7.42 
1002 450 000 51.1 40.5 8.01 9.40 
1114 500 000 56.7 50.0 9.87 11.6 
1225 550 000 62.4 60.5 11.9 14.0 
1337 600 000 68.1 72.0 14.1 16.7 
1448 650 000 73.8 84.5 16.6 19.6 
1560 700 000 79.4 98.0 19.2 22.7 
1671 750 000 85.1 112.6 22.0 26.0 
1782 800 000 90.8 128 25.0 29.6 
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TABLE E4.1 Friction Loss for Water in Feet per 100 Ft of Pipe (Continued) 


Steel Cast iron 
84 in ID e/D = 0.0000214 e/D = 0.000571 
Discharge 
h; feet per 100 h; feet per 100 
ft?/s gal/min V (ft/s) V?/2g (ft) ft of pipe ft of pipe 
6.68 3 000 0.174 0.000469 0.000121 0.000122 
8.91 4 000 0.232 0.000833 0.000203 0.000206 
11.14 5 000 0.289 0.00130 0.000306 0.000309 
13.4 6 000 0.347 0.00188 0.000425 0.000432 
15.6 7 000 0.405 0.00255 0.000562 0.000573 
17.8 8 000 0.463 0.00333 0.000717 0.000731 
20.1 9 000 0.521 0.00422 0.000891 0.000910 
22.3 10 000 0.579 0.00521 0.00108 0.00110 
26.7 12 000 0.695 0.00750 0.00150 0.00154 
312 14 000 0.811 0.01021 0.00199 0.00205 
35.6 16 000 0.926 0.0133 0.00255 0.00262 
40.1 18 000 1.042 0.0169 0.00316 0.00327 
44.6 20 000 1.16 0.0208 0.00384 0.00400 
55.7 25 000 1.45 0.0326 0.00579 0.00606 
66.8 30 000 1.74 0.0469 0.00810 0.00858 
78.0 35 000 2.03 0.0638 0.0108 0.0115 
89.1 40 000 2.32 0.0833 0.0139 0.0148 
100.2 45 000 2.61 0.105 0.0174 0.0185 
111.4 50 000 2.89 0.130 0.0212 0.0226 
134 60 000 3.47 0.180 0.0298 0.0321 
156 70 000 4.05 0.255 0.0398 0.0431 
178 80 000 4.63 0.333 0.0513 0.0558 
201 90 000 521 0.422 0.0640 0.0700 
223 100 000 5.79 0.521 0.0781 0.0866 
267 120 000 6.95 0.750 0.111 0.122 
312 140 000 8.11 1.021 0.149 0.166 
356 160 000 9.26 1.33 0.193 0.216 
401 180 000 10.42 1.69 0.242 0.272 
446 200 000 11.6 2.08 0.297 0.334 
557 250 000 14.5 3.26 0.458 0.516 
668 300 000 174 4.69 0.649 0.740 
780 350 000 20.3 6.38 0.880 1.00 
891 400 000 232 8.33 1.14 1.30 
1002 450 000 26.1 10.5 1.44 1.65 
1114 500 000 28.9 13.0 1.78 2.04 
1225 550 000 31.8 15.8 2.14 2.47 
1337 600 000 34.7 18.0 2.54 2.94 
1448 650 000 37.6 22.0 2.97 3.45 
1560 700 000 40.5 25.5 3.43 4.00 
1671 750 000 43.4 29.3 3.93 4.58 
1782 800 000 46.3 33.3 4.47 5.20 
1894 850 000 49.2 37.6 5.04 5.87 
2005 900 000 52.1 42.2 5.64 6.58 
2117 950 000 55.0 47.0 6.29 7.32 
2228 1 000 000 57.9 52.1 6.95 8.10 


Note: No allowance has been made for age, differences in diameter, or any abnormal condition of 
interior surface. Any factor of safety must be estimated from the local conditions and the requirements 
of each particular installation. 

Source: Friction loss, h;, is derived from Darcy-Weisbach equations. (Hydraulic Institute Engineering 
Data Book, Table IIIB-4). 
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APPENDIX EAM 
FRICTION LOSS FOR WATER 
IN METERS PER 100 METERS 

OF PIPE 


Troy J. Skillen 
Mechanical Engineer 
Bechtel Power Corporation 
Frederick, Maryland 


Example EAM. 1: 


Calculate hf in NPS 4 (DN 100) steel-schedule 40 pipe in meters per 100 m 
with flow of 100 gallons per minute (gpm). 


(1U. S. gallon — 3.7853 liters). 

Refer to Table E1.5 in App. El. 

From App. E4: 

hf per 100 ft of length of pipe — 0.624 ft (for 100 gpm) 

100 ft — 30.48 m 

hf in 100 ft length of pipe = 0.624 ft 

Or = 0.624 x 0.0348 m = 0.190 m 


hf in 30.48 m length of pipe — 0.190 m 
0.190 m 
30.48 
Or = 0.623 m 


hf in 100 m length of pipe = x 100 m 
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Example E4M.2: 


Calculate hf in NPS 6 (DN 150) steel-schedule 40 pipe in meters per 100 m 
with flow of 1000 gallons per minute (gpm). 


(1U. S. gallon — 3.7853 liters). 

Refer to Table E1.5 in App. El. 

From App. E4: 

hf per 100 ft of length of pipe — 6.17 ft (for 100 gpm) 


100 ft — 30.48 m 


hf in 100 ft length of pipe = 6.17 ft 
or = 6.17 * 0.0348 m = 0.215 m 


hf in 30.48 m length of pipe — 0.215 m 


0.215 
hfin 100 m length of pipe = i * 100 m 
30.48 
or = 0.705 m 


Example E4M.3: 


Calculate hf in NPS 24 steel-schedule 40 pipe in meters per 100 m 
with flow of 60,000 gallons per minute (gpm). 


(l U. S. gallon = 3.7853 liters). 

Refer to Table E1.5 in App. El. 

From App. E4: 

hf per 100 ft of length of pipe — 22.3 ft (for 60,000 gmp) 


100 ft — 30.48 m 


hf in 100 ft length of pipe = 22.3 ft 
or = 22.3 * 0.0348 m = 0.776 m 


hf in 30.48 m length of pipe = 0.776 m 


0.776 
hf in 100 m length of pipe = A * 100 m 
30.48 


or = 2.55 m 


APPENDIX E5 
PIPE, TUBE, AND FITTING 
MATERIAL SPECIFICATIONS 
ACCEPTABLE FOR ASME B31, 
PRESSURE PIPING CODE, 
AND ASME BOILER AND 
PRESSURE VESSEL CODE 


Jill M. Hershey 
Mechanical Engineer 
Bechtel Power Corporation 
Frederick, Maryland 
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TABLE E5.1 Carbon Steel Pipe, Tube, and Fittings (1), (2) 


Mat' spec 


Description 


Notes 


ASME III 


A53 


Seamless pipe 


(3)(4) 


YES 


A106 


Seamless pipe 


(3) 


YES 


A333 


Seamless pipe 


(3) 


YES 


A369 


Seamless pipe 


(3) 


YES 


API-5L 


Seamless pipe 


ess tube 


(3) 


NO 


ess tube 


ess tube 


A53 


ess tube 
Seamwelded pipe 


(4) 


A134 


Seamwelded pipe 


(3X6) 


A135 


Seamwelded pipe 


A139 


Seamwelded pipe 


(36) 


A211 


Seamwelded pipe 


A333 


Seamwelded pipe 


G) 


A381 


Seamwelded pipe 


A587 


Seamwelded pipe 


A671 


Seamwelded pipe 


A672 


Seamwelded pipe 


A691 


Seamwelded pipe 


API-5L 


Seamwelded pipe 


API-SLU 


Seamwelded pipe 
Seamwelded tube 


Seamwelded tube 


Seamwelded tube 
Fittings 


Fittings 


Fittings 


Fittings 


Fittings 


Fittings 


(1) For materials acceptable for use in ASME I and/or ASME III applications, use ASME specifications (e.g., 


SA 234) in lieu of ASTM specifications (e 
SA, whereas ASTM specifications are pre: 


.g., A 234). 
fixed by A. 


(2) For limitations or additional requirements on use of these material specifications, refer to the applicable Code. 


Notes: (3) Refer to code for acceptable grades, c 


For sizes 4" and over. (6) For sizes 16" and over. 


ass, temper, and/or UNS Number. (4) Excluding grade F. (5) 


The ASME specifications for ferrous materials are prefixed by 
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TABLE E5.2 Alloy Steel Pipe, Tube, and Fittings (1), (2) 


Mat spec 


Description 


ASME III 


A333 


Seamless pipe 


YES 


A335 


Seamless pipe 


YES 


A369 


Seamless pipe 


YES 


A714 


Seamless pipe 
Seamless tube 


NO 


Seamless tube 


Seamless tube 
Seamwelded pipe 


Seamwelded pipe 


Seamwelded pipe 


Seamwelded pipe 


Seamwelded pipe 


Fittings 


Fittings 


Fittings 


Fittings 


Fittings 


(1) For materials acceptable for use in ASME I and/or ASME III applications, use ASME specifications (e.g., 


SA 234) in lieu of ASTM specifications (e 
SA, whereas ASTM specifications are pre 


.g., A 234). The ASME specifications for ferrous materials are prefixed by 
fixed by A. 


(2) For limitations or additional requirements on use of these material specifications, refer to the applicable Code. 
Note: (3) Refer to code for acceptable grades, class, temper, and/or UNS Number. 


v9'3 


TABLE E5.3 Stainless Steel Pipe, Tube, and Fittings (1), (2) 


Mat! spec Description ASME III 
A312 Seamless pipe YES 
A376 Seamless pipe YES 
A430 Seamless pipe YES 
A731 Seamless pipe NO 
A790 Seamless pipe NO 

Seamless tube 


Seamless tube 


Seamless tube 


Seamless tube 


Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 


Seamwelded tube 


Seamwelded tube 


Seamwelded tube 


Seamwelded tube 
Fittings 
Fittings 


(1) For materials acceptable for use in ASME I and/or ASME III applications, use ASME specifications (e.g., 
SA 182) in lieu of ASTM specifications (e.g., A 182). The ASME specifications for ferrous materials are prefixed by 
SA, whereas ASTM specifications are prefixed by A. 

(2) For limitations or additional requirements on use of these material specifications, refer to the applicable Code. 

Note: (3) Refer to code for acceptable grades, class, temper, and/or UNS Number. 
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TABLE E5.4 Nickel and Nickel Alloy Pipe, Tube, and Fittings (1), (2) 


Mat’! spec Description 31. ASME III 


B165 Seamless pipe/tube NO 
B167 Seamless pipe/tube NO 
B407 Seamless pipe/tube NO 
B423 Seamless pipe/tube NO 
B444 Seamless pipe/tube NO 
B622 Seamless pipe/tube NO 
B690 Seamless pipe/tube NO 
B729 Seamless pipe/tube (3) NO 
Seamless tube 


Seamless tube 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 
Seamwelded pipe 


Seamwelded tube 


Seamwelded tube 


Fittings 
Fittings 
Fittings 
Fittings 
Fittings 
Fittings 


(1) For materials acceptable for use in ASME I and/or ASME III applications, use ASME specifications (e.g., 
SB 160) in lieu of ASTM specifications (e.g., B 160). The ASME specifications for nonferrous materials are prefixed 
by SB, whereas ASTM specifications are prefixed by B. 

(2) For limitations or additional requirements on use of these material specifications, refer to the applicable Code. 

Note: (3) Refer to code for acceptable grades, class, temper, and/or UNS Number. 
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TABLE E5.5 Copper and Copper Alloy Pipe, Tube, and Fittings (1), (2) 


Mat’! spec Description ASME III 


B42 Seamless pipe NO 


B43 Seamless pipe NO 


B302 Seamless pipe NO 


Seamless pipe/tube 
Seamless pipe/tube 


ess tube 


ess tube 


ess tube 


ess tube 


ess tube 


ess tube 
Seamwelded pipe 


Seamwelded pipe 
Fittings 
Fittings 
Fittings 
Fittings 


(1) For materials acceptable for use in ASME I and/or ASME III applications, use ASME specifications (e.g., 
SB 98) in lieu of ASTM specifications (e.g., B 98). The ASME specifications for nonferrous materials are prefixed i 
SB, whereas ASTM specifications are prefixed by B. 
(2) For limitations or additional requirements on use of these material specifications, refer to the applicable Code. 
Note: (3) Refer to code for acceptable grades, class, temper, and/or UNS Number. 
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TABLE E5.6 Aluminum and Aluminum Alloy Pipe, Tube, and Fittings (1), (2) 


Mat’! spec Description 


ASME III 


B210 Seamless tube 


NO 


B234 Seamless tube 


NO 


B241 Seamless tube 


Seamless pipe/tube 


Fittings 


Fittings 


(1) For materials acceptable for use in ASME I and/or ASME III applications, use ASME specifications (e.g., 
SB 247) in lieu of ASTM specifications (e.g., B 247). The ASME specifications for nonferrous materials are prefixed 
by SB, whereas ASTM specifications are prefixed by B. 

(2) For limitations or additional requirements on use of these material specifications, refer to the applicable Code. 

Note: (3) Refer to code for acceptable grades, class, temper, and/or UNS Number. 


APPENDIX E6 


INTERNATIONAL PIPING 
MATERIAL SPECIFICATIONS 


R. Peter Deubler, P.E. 
Technical Director 
Shaw Fronek Company 
Englewood, NJ 


This appendix lists material specifications of different countries. It includes correlat- 
ing specifications for different piping materials, grades, classes, types, and other 
categories. Since each country's specifications are unique, no two specifications are 
identical. The equivalency determination of material produced to one specification 
to material produced to another specification will vary based upon the criteria 
utilized. Therefore this table provides only a cross-reference and does not consider 
which specifications are equivalent. 
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TABLE E6.1 International Piping Materials Cross-Reference 


American British German 
Nominal Type or BS BS DIN DIN Material 
composition Spec Grade class number grade Process | type number number 

Carbon steels 

Seamless pipe and tube 

Cc A 53 A S 3601 360 St 35 1629 1.0308 

C-Mn A 53 B S 3601 430 St 45 1629 1.0408 

C-Si A 106 A 3602 360 HFS St 35.8 17175 1.0305 

C-Si A 106 B 3602 430 HFS St 45.8 17175 1.0405 

C-Si A 106 C 17 Mn4 17175 

CG A179 3606 320 CFS St 35.4 1629 1.0309 
St 35.8 17175 1.0305 

C-Si A 192 3059 320 St 45.8 17175 1.0305 

C-Si A 210 Al 3059 320 17175 1.0405 

C-Mn-Si A 210 C TT St 41N 

C-Mn A 333 1 TT St 45N 1.0437 

C-Mn-Si A 333 3603 410 HFS 1.0456 

C-Si A 369 FPA 

C-Mn A 369 FPB 

C API-5L A 3601 360 

C-Mn API-5L B 3601 430 

Furnace butt-welded pipe 

C A 53 F 

c API-5L A25 I&I 1387 

Electric resistance welded pipe & tube 

C A 53 A E 3601 320 St 35 1629 

C-Mn A 53 B E 3601 410 St 45 1629 

G A 135 A 

C-Mn A 135 B 

c A 178 A 3059 320 ERW  |St 37.8 17177 1.0315 

(6; A178 C St 42.8 17177 1.0498 

C A 214 3606 30 ERW |St37.2 1626 1.0036 

C-Si A 226 

C-Mn A 333 1 TT St 35N 1.0437 

C-Mn-Si A 333 6 3603 410 HFS TT St 44N 1.5637 

c API-5L A25 I&I 1387 St 33 1626 

(8 API-5L A 3601 360 St 34.7 17172 

C-Mn API-5L B 3601 410 St 38.7 17172 

c A 587 [e 

Electric fusion welded pipe-filler metal added 

C A 134 A283A 3602 410 SAW 

[9 A 134 A283B 

C A 134 A283C 

G A 134 A283D 

[e A 134 A285A 

C A 134 A285B 

C A 134 A285C 

C A 139 A 

C-Mn A 139 B 3602 410 SAW 

C API-5L A 3601 360 St 34.7 17172 

C-Mn API-5L B 3601 410 St 38.7 17172 

C A 211 A570-30 

C A 211 A570-33 

C A 211 A570-340 

C-Mn-Si A 67 CD70 

C-Mn-Si A 67 CD80 

C A 672 A45 HI 1626 

Cc A 672 ASO HI 1626 
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Belgian French Italian Japanese 
NBN NBN | AFNOR NF UNI UNI JIS JIS 
type number | type number | type number | symbol number 
E372 630 Fe 35-1 663 STPG 370 G3454 
E422 630 STPG 410 G3454 
D372 629 TU 37C A49-213 | C 14 5462 STPT 370 G3456 
D 422 629 TU 42C A49-213 | C 18 5462 STPT 410 G3456 
STPT 480 G3456 
D372 629 TU 37C A49-215 | C 14 5462 STB 340 G3461 
D45 837 TU 37C A49-213 | C 14 5462 STB 340 G3461 
D45 837 TU 42C A49-213 | C 18 5462 STB 410 G3461 
TU 42 BT A49-230 | C 15 5949 STPL 380 G3460 
TU 42 BT A49-230 | C 20 5949 STPL 690 G3460 
STB 340 G3461 
STB 410 G3461 
D37.1 629 TS 34e A49-245 STB 340 G3461 
TU 42 BT A49-230 | C 15 5949 STPL 380 G3460 
TU 42 BT A49-230 | C 20 5949 STPL 690 G3460 
STPY 400 G3457 
STPY 400 G3457 
STPY 400 G3457 
STPY 400 G3457 
STPY 400 G3457 
STPY 400 G3457 
STPY 400 G3457 
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TABLE E6.1 International Piping Materials Cross-Reference (Continued ) 


American British German 
Nominal Type or BS BS DIN DIN Material 
composition Spec Grade class number grade Process | type number number 
C A 672 ASS HI 1626 
C A 672 B55 
[e A 672 B60 
C A 672 B65 HI II 1626 
C A 672 B70 17Mn 4 1626 
C A 672 c55 
C A 672 C60 
C A 672 C65 
[e A 672 C70 
C-Mn-Si A 672 D70 
C-Mn-Si A 672 D80 
C-Mn-Si A 672 N75 
C-Mn-Si A 691 CMSH70 
C-Mn-Si A 691 CMSH80 
C-Mn-Si A 691 CMS75 
Low & intermediate alloy steels 
Seamless pipe and tube 
5Cr-42Mo A 199 TS 3606 625 CFS 2 Cr Mo 195 1.7362 
9Cr-1Mo A 199 T9 
1⁄4Cr-2Mo A 199 T11 3606 621 CFS 3 Cr Mo 44 17175 1.7335 
3Cr-1Mo A 199 T21 
2⁄4Cr-1Mo A 199 T22 3606 622 CFS 0 Cr Mo 9 10 17175 1.7380 
VeCr-VMo A 213 T2 
2Cr-42Mo A 213 T3b 
5Cr-/46Mo A 213 T5 3606 625 2 Cr Mo 195 1.7362 
5Cr-Y¥2Mo-1¥2Si A 213 T5b 
5Cr-/eMo-Ti A 213 T5c 
9Cr-1Mo A 213 T9 
1ACr- Mo A 213 T11 3606 621 3 Cr Mo 44 17175 1.7335 
1Cr-/4óMo A 213 T12 3606 620 3 Cr Mo 44 17175 1.7335 
3Cr-1Mo A 213 T21 
24Cr-IMo A 213 T22 3606 622 0 Cr Mo 9 10 17175 1.7380 
9Cr-1Mo-V A 213 T91 
31ANi A 333 3 3603 503 HFS 0 Ni 14 1.5637 
Ni-Cr-Cu-Al A 333 4 
2VoNi A 333 7 
2Ni-1Cu A 333 9 
C-%Mo A 335 P1 6 Mo 5 1.5423 
VoCr-V/Mo A 335 P2 
5Cr-¥2Mo A 335 PS 3604 625 HFS 2 Cr Mo 195 1.7362 
SCr-YaMo-1aSi A 335 PSb 
5Cr-¥2Mo-Ti A 335 PSc 
9Cr-1Mo A 335 P9 629 HFS 
1Y%4Cr-Y2Mo-Si A 335 P1 3604 621 HFS 3 Cr Mo 44 17175 1.7335 
1Cr-4Mo A 335 P12 3604 620 HFS 3 Cr Mo 44 17175 1.7335 
3Cr-1Mo A 335 P2 
24Cr-IMo A 335 P22 3604 622 HFS 0 Cr Mo 9 10 17175 1.7380 
9Cr-1Mo-V A 335 P9 
C-%Mo A 369 FP 
VoCr-VMo A 369 FP2 
2Cr-/46Mo A 369 FP3b 
5Cr- Mo A 369 FP5 
9Cr-1Mo A 369 FP9 
1⁄4Cr-⁄2Mo-Si A 369 FPI 
1Cr-2Mo A 369 FP12 
3Cr-1Mo A 369 FP2 
24Cr-IMo A 369 FP22 
2Ni-1Cu A714 V 
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Belgian French Italian Japanese 

NBN NBN | AFNOR NF UNI UNI JIS JIS 
type number | type number | type number | symbol number 
X12 Cr Mo 5 837 Z 12 CD 5.05 STBA25 G3462 
STBA26 G3462 
10 CD 5.05 STBA23 G3462 
10 CrMo 9 10 837 10 CD 9.10 12 Cr Mo 9 10 5462 STBA24 G3462 
STBA20 G3462 
TU Z 12 CD 5.05 A49-213 STBA25 G3462 
STBA26 G3462 
TU 10 CD 5.05 STBA23 G3462 
STBA22 G3462 
TU 10 CD 9.10 12 Cr Mo 9 10 5462 STBA24 G3462 
TU 16 N 14 A49-230 | 18 Ni 14 5949 STPL450 G3460 
TU 15D3 A49-213 | 16 Mo 5 5462 STPA12 G3458 
STPA20 G3458 
TU Z 12 CD 5.05 A49-213 STPA25 G3458 
TU Z 10 CD 9 A49-213 STPA26 G3458 
TU 10 CD 5.05 A49-213 STPA23 G3458 
14 Cr Mo 3 5462 STPA22 G3458 
TU 10 CD 9.10 A49-213 | 12 Cr Mo 910 5462 STPA24 G3458 
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TABLE E6.1 International Piping Materials Cross-Reference (Continued ) 


American British German 
Nominal Type or BS BS DIN DIN Material 

composition Spec Grade class number grade Process |type number number 
Centrifugally cast pipe 
C-6Mo A 426 CP1 
YaCr-¥2Mo A 426 CP2 
5Cr-&Mo A 426 CPS 
5Cr-4Mo-Si A 426 CPSB 
9Cr-1Mo A 426 CP9 
1⁄4Cr-2Mo A 426 CP11 
1Cr-/46Mo A 426 CP12 GS-17 CrMo55 17245 1.7357 
3Cr-1Mo A 426 CP21 
2%4Cr-1Mo A 426 CP22 CS-18 CrMo9.10 1.7379 


Electric resistance welded pipe 


3YNi A333 3 3603 503 HFS 10 Ni 14 1.5637 
2VoNi A333 7 

2Ni A333 9 

2Ni-Cu A714 M E 


Electric fusion welded pipe-filler metal added 


C-4Mo A 672 L65  2023,30,33,40,43 
C-4Mo A 672 L70  2023,30,33,4043 
C-4Mo A 672 L75  20,23,30,33,40,43 
C-4Mo A691  CM65 — 20,23,30,33,40,43 
C-4Mo A691  CM70 — 20,23,30,33,40,43 
C-4Mo A691 CM75  2023,30,34043 
Cr-Mo A 691 YACr 2023 
1Cr-44Mo A 691 1Cr 2023 
1/4Cr-4Mo-Si A69] — DACr 2023 
2Y%4Cr-1Mo A69] MCr 20,23 
3Cr-1Mo A 691 3Cr 20,23 
5Cr-2Mo A 691 5Cr 20,23 


Stainless Steels 


Seamless pipe and tube 


Austenitic 

18Cr-8Ni A 213 TP304 3606 304S25 X 5 CrNi 18 9 7440 1.4301 
8Cr-8Ni A213  TP304H 
8Cr-8Ni A 213 TP304L 3606 304822 X 2 CrNi 18 9 7440 1.4306 

18Cr-8Ni-N A 213 TP304N 

23Cr-12Ni A213 TP309H 

25Cr-20Ni A213  TP310H 
6Cr-12Ni-2Mo A 213 TP316 3606 316830 X 5 CrNiMo 18 10 7440 1.4401 
6Cr-12Ni-2Mo A213  TP316H 

16Cr-12Ni-2Mo A 213 TP316L 3606 | 316829 X 2 CrNiMo 18 10 7440 1.4404 
6Cr-12Ni-2Mo-N A 213 TP316N 

18Cr-10Ni-Ti A 213 TP321 3606 321822 X 10 CrNiTi 18 9 7440 1.4541 

18Cr-10Ni-Ti A213  TP321H 
8Cr-10Ni-Cb A 213 TP347 3606 — 347817 X 10 CrNiNb 18 9 7440 1.4550 

18Cr-10Ni-Cb A213  TP347H 
8Cr-10Ni-Cb A 213 TP348 

18Cr-10Ni-Cb A213  TP348H 

18Cr-8Ni A 312 TP304 3605 316818 X 5CrNi 189 7440 1.4301 
8Cr-8Ni A312  TP304H 3605 316859 

18Cr-8Ni A 312 TP304L 3605 316814 X 2 CrNi 189 7440 1.4306 
8Cr-8Ni-N A 312 TP304N 

23Cr-12Ni A312 TP309H 

25Cr-20Ni A312 TP310H 
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Belgian French Italian Japanese 
NBN NBN | AFNOR NF UNI UNI JIS JIS 
type number | type number | type number | symbol number 
SCPH-11CF G5202 
SCPH-21CF G5202 
SCPH-32CF G5202 
TU 16 N 14 A49-230 | 18 Ni 14 5949 STPL450 G3460 
Z 6 CN 18-09 A49-218 | X 5 Cr Ni 18 10 6904 SUS304TB G3463 
SUS304HTB G3463 
Z 2 CN 18-09 A49-218 | X2 Cr Ni 18 11 6904 SUS304LTB G3463 
Z 6 CND 17-12 A49-218 | X 5 Cr Ni Mo 17 12 6904 SUS316TB G3463 
SUS316HTB G3463 
Z 2 CND 17-13 A49-218 | X 2 Cr Ni Mo 17 12 6904 SUS316LTB G3463 
Z 6 CNT 18-11 A49-218 | X 6 Cr Ni Ti 18 11 6904 SUS321TB G3463 
Z 6 CNNb 18-11 A49-218 | X 6 Cr Ni Nb 18 11 6904 SUS347TB G3463 
SUS347HTB G3463 
TU Z 6 CN 19-10 A49-230 | X 5 Cr Ni 18 10 6904 SUS304TP G3459 
TU Z 6 CN 19-10 A49-214 | X 8 Cr Ni 19 10 6904 SUS304HTP G3459 
TU Z2 CN 19-11 A49-230 | X2 Cr Ni 18 11 6904 SUS304LTP G3459 


E.75 


Click for view of double page spread 


TABLE E6.1 International Piping Materials Cross-Reference (Continued ) 
American British German 
Nominal Type or BS BS DIN DIN Material 
composition Spec Grade class number grade Process |type number number 
16Cr-12Ni-2Mo A 312 TP316 3605 316818 X 5 CrNiMo 18 10 17440 1.4401 
6Cr-12Ni-2Mo A312  TP316H 3605 316859 
16Cr-12Ni-2Mo A312  TP316L 3605 316814 X 2 CrNiMo 18 10 17440 1.4404 
6Cr-12Ni-2Mo-N A312  TP316N 
18Cr-13Ni-3Mo A 312 TP317 
18Cr-10Ni-Ti A 312 TP321 3605 321818 X 10 CrNiTi 18 9 17440 1.541 
8Cr-10Ni-Ti A312 TP321H 
18Cr-10Ni-Cb A 312 TP347 3605 347818 X 10 CrNiNb 18 9 1.4543 
8Cr-10Ni-Cb A312  TP347H 
8Cr-10Ni-Cb A 312 TP348 
18Cr-10Ni-Cb A312  TP348H 
8Cr-18Ni-2Si A312 TPXMI5 
22Cr-13Ni-5Mn A312  TPXMI9 
20Cr-18Ni-6Mo A 312 des 
8Cr-8Ni A 376 TP304 
18Cr-8Ni A376 | TP304H 
8Cr-8Ni-N A 376 — TP304N 
16Cr-12Ni-2Mo A 376 TP316 
6Cr-12Ni-2Mo A376  TP316H 
6Cr-12Ni-2Mo-N A376  TP316N 
18Cr-10Ni-Ti A 376 TP321 
8Cr-10Ni-Ti A376  TP321H 
18Cr-10Ni-Cb A 376 TP347 
18Cr-10Ni-Cb A376 | TP347H 
8Cr-10Ni-Cb A 376 TP348 
18Cr-8Ni A 430 FP304 
8Cr-8Ni A430  FP304H 
18Cr-8Ni-N A430 FP304N 
16Cr-12Ni-2Mo A 430 FP316 
6Cr-12Ni-2Mo A430 -FP316H 
16Cr-12Ni-2Mo-N A 430 . FP316N 
8Cr-10Ni-Ti A 430 FP321 
18Cr-10Ni-Ti A430 FP321H 
18Cr-10Ni-Cb A 430 FP347 
8Cr-10Ni-Cb A430  FP347H 
Ferritic/martensitic 
2Cr-AI A 268 TP405 X7 CrAI 17440 1.4002 
13Cr A 268 TP410 X 10 Cr 13 17440 1.4006 
5Cr A 268 TP429 
17Cr A 268 TP430 
26Cr-1Mo A268  TPXM27 
27Cr A 268  TP446-1 
27Cr-1Mo-Ti A268  TPXM33 
27Cr-1Mo A731 TPXM27 
27Cr-1Mo-Ti A731 TPXM33 
Centrifugally cast pipe 
Austenitic 
18Cr-8Ni A 451 CPF8 4534 G-X 6 CrNi 18 9 17445 1.4308 
18Cr-10Ni-Cb A 451 CPF8C G-X 7 CrNiNb 189 17445 1.4552 
18Cr-9Ni-2Mo A 451 CPF8M 4534 G-X 6 CrNiMo 189 17445 1.4408 
25Cr-12Ni A 451 CPH8 
25Cr-12Ni A 451 CPH10 
25Cr-12Ni A 451 CPH20 
25Cr-20Ni A 451 CPK20 4534 G-X 15 CrNi 25 20 1.4840 
18Cr-8Ni A452  TP304H 
16Cr-12Ni-2Mo A452  TP316H 
18Cr-10Ni-Cb A452  TP347H 
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Belgian French Italian Japanese 

NBN NBN | AFNOR NF UNI UNI JIS JIS 
type number | type number | type number | symbol number 

Z 6 CND 17-11 A35-573 | X 5 Cr Ni Mo 17 12 6904 SUS316TP G3459 

TU Z 6 CND 17-12 A49-230 | X 8 Cr Ni Nb 17 12 6904 SUS316HTP G3459 

TU Z 2 CND 17-12 A49-230 | X 2 Cr Ni Nb 17 12 6904 SUS316LTP G3459 

Z 6 CNT 18-11 A49-230 | X 6 Cr Ni Ti 18 11 6904 SUS321TP G3459 

SUS321HTP G3459 

Z 6 CNNb 18-11 A35-573 | X 6 Cr Ni Nb 18 11 6904 SUS347TP G3459 

X 6 Cr Ni Nb 18 11 6904 SUS347HTP G3459 

SUS405TB G3463 
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TABLE E6.1 International Piping Materials Cross-Reference (Continued ) 


American British German 
Nominal Type or BS BS DIN DIN Material 
composition Spec Grade class number grade Process |type number number 
Welded pipe and tube- 
Without filler metal 
Austenitic 
8Cr-8Ni A 249 TP304 
18Cr-8Ni A249  TP304H 
18Cr-8Ni A249 TP304L 
8Cr-8Ni-N A249  TO304N 
23Cr-12Ni A249  TP309H 
6Cr-12Ni-2Mo A 249 TP316 
6Cr-12Ni-2Mo A249  TP316H 
16Cr-12Ni-2Mo A249 TP316L 
6Cr-12Ni-2Mo-N A249  TP316N 
19Cr-13Ni-3Mo A 249 TP317 
8Cr-10Ni-Ti A 249 TP321 
8Cr-10Ni-Ti A249 TP321H 
18Cr-10Ni-Cb A 249 TP347 
8Cr-10Ni-Cb A249 TP347H 
18Cr-10Ni-Cb A 249 TP348 
8Cr-10Ni-Cb A249 TP348H 
20Cr-18Ni-6Mo A 249 e 
18Cr-8Ni A 312 TP304 3605 304818 X 5 CrNi 189 7440 1.4301 
8Cr-8Ni A312 TP304H 3605 394859 
18Cr-8Ni A312  TP304L 3605 304814 X2 CrNi 18 9 7440 1.4306 
18Cr-8Ni-N A312 TP304N 
23Cr-12Ni A312  TP300H 
25Cr-20Ni A312  TP310H 
6Cr-12Ni-2Mo A 312 TP316 3605 316818 X 5 CrNiMo 18 10 7440 1.4401 
16Cr-12Ni-2Mo A312  TP316H 3605 316859 
16Cr-12Ni-2Mo A312 TP316L 3605  316S14 X 2 CrNiMo 18 10 7440 1.4404 
6Cr-12Ni-2Mo-N A312  TP316N 
19Cr-13Ni-3Mo A 312 TP317 
8Cr-10Ni-Ti A 312 TP321 3605 321818 X 10 CrNiTi 18 9 7440 1.4541 
18Cr-10Ni-Ti A312 TP321H 
18Cr-10Ni-Cb A 312 TP347 3605 347818 X 10 CrNiNb 18 9 1.4543 
8Cr-10Ni-Cb A312 TP347H 
18Cr-10Ni-Cb A 312 TP348 
8Cr-10Ni-Cb A312 TP348H 
8Cr-18Ni-2Si A312  TPXMI5 


20Cr-18Ni-6Mo A 312 


Ferritic/Martensitic 
2Cr-AI A 268 TP405 X 7 CrAI 17440 1.4002 
3Cr A 268 TP410 X 10 Cr 13 17440 1.4006 
15Cr A 268 TP429 
7Cr A 268 TP430 
27Cr A268  TP446-1 
26Cr-1Mo A268  TPXM27 
27Cr-1Mo-Ti A268  TPXM33 
27Cr-1Mo A731 TPXM27 
27Cr-1Mo-Ti A731 TPXM33 


Welded pipe-filler metal 
Added austenitic 


18Cr-8Ni A 358 304 1 3605 304825 X 5 CrNi 18 9 17440 1.4301 
18Cr-8Ni A 358 304 2 3605 304825 X 5 CrNi 18 9 17440 1.4301 
18Cr-8Ni A 358 304 3 3605 304825 X 5 CrNi 18 9 17440 1.4301 
18Cr-8Ni A 358 304L 1 
18Cr-8Ni A 358 304L 2 
18Cr-8Ni A 358 304L 3 
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Belgian French Italian Japanese 
NBN NBN | AFNOR NF UNI UNI JIS JIS 

type number | type number | type number | symbol number 

TU Z 6 CN 19-10 A49-230 | X 5 Cr Ni 18 10 6904 SUS304TP G3459 

TU Z 6 CN 19-10 A49-214 | X 8 Cr Ni 19 10 6904 SUS304HTP G3459 

TU Z2 CN 19-11 A49-230 | X2 Cr Ni 18 11 6904 SUS304LTP G3459 

Z 6 CND 17-11 A35-573 | X 5 Cr Ni Mo 17 12 6904 SUS316TP G3459 

TU Z 6 CND 17-12 A49-230 | X 8 Cr Ni Nb 17 12 6904 SUS316HTP G3459 

TU Z 2 CND 17-12 A49-230 | X 2 Cr Ni Nb 17 12 6904 SUS316LTP G3459 

Z 6 CNT 18-11 A49-230 | X 6 Cr Ni Ti 18 11 6904 SUS321TP G3459 

SUS321HTP G3459 

Z 6 CNNb 18-11 A35-573 | X 6 Cr Ni Nb 18 11 6904 SUS347TP G3459 

X 6 Cr Ni Nb 18 11 6904 SUS347HTP G3459 

SUS405TB G3463 

Z 6 CN 18.09 A36-209 | X 6 Cr Ni 18 10 8317 SUS304 TPY G3468 

Z 6 CN 18.09 A36-209 | X 6 Cr Ni 18 10 8317 SUS304 TPY G3468 

Z 6 CN 18.09 A36-209 | X 6 Cr Ni 18 10 8317 SUS304 TPY G3468 
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TABLE E6.1 International Piping Materials Cross-Reference (Continued ) 


American British German 
Nominal Type or BS BS DIN DIN Material 
composition Spec Grade class number grade Process |type number number 
18Cr-8Ni-N A 358 304N 
18Cr-8Ni-N A 358 304N 2 
18Cr-8Ni-N A 358 304N 3 
23Cr-12Ni A 358 309 
23Cr-12Ni A 358 309 2 
23Cr-12Ni A 358 309 3 
25Cr-20Ni A 358 310 X 12 CrNi 25 21 1.4845 
25Cr-20Ni A 358 310 2 X 12 CrNi 25 21 1.4845 
25Cr-20Ni A 358 310 3 X 12 CrNi 25 21 1.4845 
16Cr-12Ni-2Mo A 358 316 3605 316826 X 5 CrNiMo 18 10 17440 1.4401 
6Cr-12Ni-2Mo A 358 316 2 3605 316826 X 5 CrNiMo 18 10 17440 1.4401 
16Cr-12Ni-2Mo A 358 316 3 3605 316826 X 5 CrNiMo 18 10 17440 1.4401 
6Cr-12Ni-2Mo A 358 316L 
6Cr-12Ni-2Mo A 358 316L 2 
16Cr-12Ni-2Mo A 358 316L 3 
6Cr-12Ni-2Mo-N A 358 316N 
16Cr-12Ni-2Mo-N A 358 316N 2 
6Cr-12Ni-2Mo-N A 358 316N 3 
8Cr-10Ni-Ti A 358 321 1 3605 321822 X 10 CrNiTi 18 9 17440 1.4541 
18Cr-10Ni-Ti A 358 321 2 3605 321822 X 10 CrNiTi 18 9 17440 1.4541 
8Cr-10Ni-Ti A 358 321 3 3605 321822 X 10 CrNiTi 18 9 17440 1.4541 
18Cr-10Ni-Cb A 358 347 1 3605 347817 X 10 CrNiNb 18 9 17440 1.4550 
18Cr-10Ni-Cb A 358 347 2 3605 347817 X 10 CrNiNb 18 9 17440 1.4550 
8Cr-10Ni-Cb A 358 347 3 3605 347817 X 10 CrNiNb 18 9 17440 1.4550 
18Cr-10Ni-Cb A 358 348 1 
8Cr-10Ni-Cb A 358 348 2 
18Cr-10Ni-Cb A 358 348 3 
20Cr-18Ni-6Mo A 358 1 
20Cr-18Ni-6Mo A 358 2 
20Cr-18Ni-6Mo A 358 3 


INTERNATIONAL PIPING MATERIAL SPECIFICATIONS 
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Belgian French Italian Japanese 

NBN NBN | AFNOR NF UNI UNI JIS JIS 
type number | type number | type number | symbol number 
A36-209 | X 22 Cr Ni 25 20 5900 SUS310S TPY | G3468 
A36-209 | X 22 Cr Ni 25 20 5900 SUS310S TPY | G3468 
A36-209 | X 22 Cr Ni 25 20 5900 SUS310S TPY | G3468 
Z 6 CND 17.11 A36-209 | X 6 Cr Ni Mo 17 12 2 8317 SUS316 TPY G3468 
Z 6 CND 17.11 A36-209 | X 6 Cr Ni Mo 17 12 2 8317 SUS316 TPY G3468 
Z 6 CND 17.11 A36-209 | X 6 Cr Ni Mo 17 12 2 8317 SUS316 TPY G3468 
Z 6 CNT 18.10 A36-209 | X6 Cr Ni Ti 18 10 8317 SUS321 TPY G3468 
Z 6 CNT 18.10 A36-209 | X6 Cr Ni Ti 18 10 8317 SUS321 TPY G3468 
Z 6 CNT 18.10 A36-209 | X6 Cr Ni Ti 18 10 8317 SUS321 TPY G3468 
Z 6 CnNb 18.10 A36-209 | X 6 Cr Ni Nb 18 10 8317 SUS347 TPY G3468 
Z 6 CnNb 18.10 A36-209 | X 6 Cr Ni Nb 18 10 8317 SUS347 TPY G3468 
Z 6 CnNb 18.10 A36-209 | X 6 Cr Ni Nb 18 10 8317 SUS347 TPY G3468 
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TABLE E7.1 Physical Properties of Water 


Saturation 
Temperature pressure Specific Weight 
of water P' volume density 
t pounds per V p Weight 
degrees square inch cubic feet pounds per pounds 
Fahrenheit absolute per pound cubic foot per gallon 

32 0.08859 0.016022 62.414 8.3436 

40 0.12163 0.016019 62.426 8.3451 

50 0.17796 0.016023 62.410 8.3430 

60 0.25611 0.016033 62.371 8.3378 

70 0.36292 0.016050 62.305 8.3290 

80 0.50683 0.016072 62.220 8.3176 

90 0.69813 0.016099 62.116 8.3037 
100 0.94924 0.016130 61.996 8.2877 
110 1.2750 0.016165 61.862 8.2698 
120 1.6927 0.016204 61.7132 8.2498 
130 2.2230 0.016247 61.550 8.2280 
140 2.8892 0.016293 61.376 8.2048 
150 3.7184 0.016343 61.188 8.1797 
160 4.7414 0.016395 60.994 8.1537 
170 5.9926 0.016451 60.787 8.1260 
180 7.5110 0.016510 60.569 8.0969 
190 9.340 0.016572 60.343 8.0667 
200 11.526 0.016637 60.107 8.0351 
210 14.123 0.016705 59.862 8.0024 
212 14.696 0.016719 59.812 7.9957 
220 17.186 0.016775 59.613 7.9690 
240 24.968 0.016926 59.081 7.8979 
260 35.427 0.017089 58.517 7.8226 
280 49.200 0.017264 57.924 7.7433 
300 67.005 0.01745 57.307 7.6608 
350 134.604 0.01799 55.586 7.4308 
400 247.259 0.01864 53.648 7.1717 
450 422.55 0.01943 51.467 6.8801 
500 680.86 0.02043 48.948 6.5433 
550 1045.43 0.02176 45.956 6.1434 
600 1543.2 0.02364 42.301 5.6548 
650 2208.4 0.02674 37.397 4.9993 
700 3094.3 0.03662 27.307 3.6505 


Specific gravity of water at 60°F = 1.00. 
Weight per gallon is based on 7.48052 gallons per cubic foot. 
Source: All data on volume and pressure are abstracted from ASME Steam Tables (1967), 
with permission of publisher, The American Society of Mechanical Engineers, New York, N.Y. 
Reproduced from Technical Paper No. 410-1980, with permission from Crane Co., 3210 Walnut 
Ave., Long Beach, CA. 
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TABLE E7.2 Viscosity of Steam and Water 


Viscosity of steam and water—in centipoise (u) 


Temp. 1 2 5 10 20 50 100 200 500 1000 2000 5000 | 7500 | 10000 | 12000 
?F psia psia psia psia psia psia psia psia psia psia psia psia psia psia psia 
Sat. water .667 524 .388 313 255 .197 164 .138 111 .094 .078 
Sat. steam .010 .010 .011 .012 .012 .013 .014 .015 .017 .019 .023 TT sas e — 

1500 .041 .041 .041 .041 .041 .041 .041 .041 .042 .042 .042 .044 .046 .048 .050 
1450 .040 .040 .040 .040 .040 .040 .040 .040 .040 .041 .041 .043 .045 .047 .049 
1400 .039 .039 .039 .039 .039 .039 .039 .039 .039 .040 .040 .042 .044 .047 .049 
1350 .038 .038 .038 .038 .038 .038 .038 .038 .038 .038 .039 .041 .044 .046 .049 
1300 .037 .037 .037 .037 .037 .037 .037 .037 .037 .037 .038 .040 .043 .045 .048 
1250 .035 .035 .035 .035 .035 .035 .035 .036 .036 .036 .037 .039 .042 .045 .048 
1200 .034 .034 .034 .034 .034 .034 .034 .034 .035 .035 .036 .038 .041 .045 .048 
1150 .034 .034 .034 .034 .034 .034 .034 .034 .034 .034 .034 .037 .041 .045 .049 
1100 .032 .032 .032 .032 .032 .032 .032 .032 .033 .033 .034 .037 .040 .045 .050 
1050 .031 .031 .031 .031 .031 .031 .031 .031 .032 .032 .033 .036 .040 .047 .052 
1000 .030 .030 .030 .030 .030 .030 .030 .030 .030 .031 .032 .035 .041 .049 .055 
950 .029 .029 .029 .029 .029 .029 .029 .029 .029 .030 .031 .035 .042 .052 .059 
900 .028 .028 .028 .028 .028 .028 .028 .028 .028 .028 .029 .035 .045 .057 .064 
850 .026 .026 .026 .026 .026 .026 .027 .027 .027 .027 .028 .035 .052 .064 .070 
800 .025 .025 .025 .025 .025 .025 .025 .025 .026 .026 .027 .040 .062 .071 .075 
750 .024 .024 .024 .024 .024 .024 .024 .024 .025 .025 .026 .057 .071 .078 .081 
700 .023 .023 .023 .023 .023 .023 .023 .023 .023 .024 .026° .071 .079 .085 .086 
650 .022 .022 .022 .022 .022 .022 .022 .022 .023 .023 023 .082 .088 .092 .096 
600 .021 .021 .021 .021 .021 .021 .021 .021 .021 .021 .087 .091 .096 101 104 
550 .020 .020 .020 .020 .020 .020 .020 .020 .020 019 .095 101 .105 .109 113 


Values directly below underscored viscosities are for water. 


© Critical point. 


983 


TABLE E7.2 Viscosity of Steam and Water (Continued ) 


Viscosity of steam and water—in centipoise (u) 

Temp. 1 2 5 10 20 50 100 200 500 1000 2000 5000 | 7500 | 10000 | 12000 
°F psia psia psia psia psia psia psia psia psia psia psia psia psia psia psia 
500 .019 .019 .019 .019 .019 .019 .019 .018 .018 .103 .105 111 114 119 22 
450 .018 .018 .018 .018 .017 .017 .017 .017 .115 116 .118 123 127 131 .135 
400 .016 .016 .016 .016 .016 .016 .016 .016 131 .132 .134 .138 .143 147 .150 
350 .015 .015 .015 .015 .015 .015 .015 4152 .153 .154 .155 .160 .164 .168 171 
300 .014 .014 .014 .014 .014 .014 182 .183 .183 .184 .185 .190 .194 .198 201 
250 .013 .013 .013 .013 .013 228 228 228 228 229 231 235 .238 2242 245 
200 .012 .012 .012 .012 .300 300 300 .300 301 301 .308 306 310 313 316 
150 £011 .011 427 427 427 427 427 427 427 428 429 431 434 437 439 
100 .680 .680 .680 .680 .680 .680 .680 .680 .680 .680 .680 .681 .682 .683 .683 

50 1.2909 1.299 1299 1.299 1.299 1.299 1299 1.299 1299 1298 1.296 1.28 1.284 1279 1275 
32 1.753 1.753 1.753 1.753 1.753 1.753 1.753 1.752 1.7531 1349 1.745 1.7333 1.723 1/713 1.705 


Values directly below underscored viscosities are for water. 


Source: 


Reproduced from Technical Paper No. 410-1980, with permission from Crane Co., 3210 Walnut Ave., 


Long Beach, CA. 
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TABLE E7.3 Physical Properties of Gases 


(Approximate values at 68°F and 14.7 psia) c, = specific heat at constant pressure; c, = specific heat at constant volume. 


Approx. Weight density, Specific gravity Specific heat at room Heat capacity 
Chemical molecular pounds per relative Individual temperature Btu/Ib ^F per cubic foot 
Name formula weight cubic foot to air gas constant k equal 
of gas or symbol M p S, R C, C, C, C, to c/c, 
Acetylene (ethyne) GH, 26.0 0682 0.907 59.4 0.350 0.269 .0239 0184 1.30 
Air — 29.0 .0752 1.000 53.3 0.241 0.172 0181 0129 1.40 
Ammonia NH; 17.0 0448 0.596 91.0 0.523 0.396 0234 0178 1.32 
Argon A 39.9 1037 1.379 38.7 0.124 0.074 0129 .0077 1.67 
Butane CHo 58.1 1554 2.067 26.5 0.395 0.356 .0614 .0553 111 
Carbon dioxide CO; 44.0 .1150 1.529 35.1 0.205 0.158 0236 0181 1.30 
Carbon monoxide CO 28.0 .0727 0.967 55.2 0.243 0.173 0177 0126 1.40 
Chlorine Ch 70.9 1869 2.486 21.8 0.115 0.086 0215 0162 1.33 
Ethane CGH, 30.0 .0789 1.049 51.5 0.386 0.316 .0305 .0250 122 
Ethylene CH, 28.0 .0733 0.975 551 0.400 0.329 .0293 0240 122 
Helium He 4.0 .01039 0.1381 386.3 1.250 0.754 .0130 .0078 1.66 
Hydrogen chloride HCl 36.5 .0954 1.268 424 0.191 0.135 .0182 .0129 141 
Hydrogen H; 2.0 .00523 0.0695 766.8 3.420 2.426 .0179 .0127 141 
Hydrogen sulfide HS 34.1 .0895 1.190 45.2 0.243 0.187 0217 0167 1.30 
Methane CH, 16.0 0417 0.554 96.4 0.593 0.449 0247 0187 1.32 
Methyl chloride CH,Cl 50.5 342 1.785 30.6 0.240 0.200 0322 0268 1.20 
Natural gas — 19.5 0502 0.667 79.1 0.560 0.441 0281 0221 1.27 
Nitric oxide NO 30.0 .0780 1.037 51.5 0.231 0.165 0180 0129 1.40 
Nitrogen N: 28.0 .0727 0.967 55.2 0.247 0.176 .0180 .0127 1.41 
Nitrous oxide N,O 44.0 151 1.530 35.1 0.221 0.169 0254 0194 1.31 
Oxygen O, 32.0 .0831 1.105 48.3 0.217 0.155 .0180 0129 1.40 
Propane C;Hs 44.1 175 1.562 35.0 0.393 0.342 0462 0402 1.15 
Propene (propylene) C3H¢ 42.1 091 1.451 36.8 0.358 0.314 0391 0343 1.14 
Sulfur dioxide SO, 64.1 703 2.264 24.0 0.154 0.122 0262 .0208 1.26 


Molecular weight, specific gravity, individual gas constant, and specific heat values were abstracted from, or based on, data in Table 24 of Mark's Standard Handbook 


for Mechanical Engineers (seventh edition). 
Weight density values were obtained by multiplying density of air by specific gravity of 
Natural gas values are representative only. Exact characteristics require knowledge of specific constituents. 
Source: Reproduced from Technical Paper No. 410-1980, with permission from Crane Co., 3210 Walnut Ave., Long Beach, CA. 


gas. For values at 60°F, multiply by 1.0154. 
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TABLE E7.4 Weight Density of Air 


Air 
temp. Weight density of air, in pounds per cubic foot for gauge pressures indicated 
deg F (Based on an atmospheric pressure of 14.696 and a molecular weight of 28.97) 

0 5 10 20 30 40 50 60 70 80 90 100 110 | 120 | 130 | 140 | 150 
psi psi psi psi psi psi psi psi psi psi psi psi psi psi psi psi psi 
30 .0811 1087 | .1363 | .1915 | 247 302 .357 412 .467 522 | .578 | .633 | .688 | .743 | .798 | .853 | .909 
40 .0795 1065 | .1335 | 11876 | 242 .295 .350 .404 458 | .512 | .566 | .620 | .674 | .728 | .782 | .836 | .890 
50 .0782 1048 | .1314 | .1846 | 238 291 344 397 451 504 | 557 | .610 | .663 | .717 | .770 | .823 | .876 
60 .0764 1024 | .1284 | .1804 | .232 .284 .336 388 440 | .492 | 544 | .596 | .648 | .700 | .752 | .804 | .856 
70 .0750 1005 | .1260 | 11770 | .228 279 .330 381 432 | 483 | 534 | 585 | .636 | .687 | .738 | .789 | .840 
80 .0736 | .0986 | .1236 | .1737 | .224 274 324 374 .424 | 474 | 524 | 574 | .624 | .674 | .724 | .774 | .824 
90 .0722 | .0968 | .1214 | .1705 | .220 .269 318 367 416 | 465 | 515 | .564 | .613 | .662 | .711 | .760 | .809 
100 .0709 | .0951 | .1192 | .1675 | .216 264 312 361 409 | 457 | 505 | 554 | .602 | .650 | .698 | .747 | .795 
110 .0697 | .0934 | .1171 | .1645 | .212 .259 .307 354 402 | .449 | .497 | .544 | .591 | .639 | .686 | .734 | .781 
120 .0685 | .0918 | .1151 | .1617 | .208 255 302 348 .395 441 | .488 | .535 | .581 | .628 | .674 | .721 | .768 
130 .0673 | .0902 | .1131 | .1590 | .205 251 .296 342 .388 | .434 | 480 | .525 | .571 | .617 | .663 | .709 | .755 
140 .0662 | .0887 | .1113 | .1563 | 201 246 .291 337 382 | 427 | .472 | 517 | .562 | .607 | .652 | .697 | .742 
150 .0651 | .0873 | .1094 | .1537 | 1981 | .242 287 331 375 .420 | .464 | .508 | .553 | .597 | .641 | .686 | .730 
175 0626 | .0834 | .1051 | .1477 | .1903 | .233 275 318 .361 403 | .446 | .488 | .531 | .573 | .616 | .659 | .701 
200 0602 | .0807 | .1011 | .1421 | .1831 | 244 .265 306 347 388 | .429 | .470 | .511 | .552 | .593 | .634 | .675 
225 0580 | .0777 | .0974 | .1369 | .1764 | 216 .255 .295 334 | 374 | 413 | .453 | .492 | .531 | .571 | .610 | .650 
250 0559 | .0750 | .0940 | .1321 | .1702 | .208 .246 284 322 | .361 | .399 | .437 | .475 | .513 | .551 | .589 | .627 
275 .0540 | .0724 | .0908 | .1276 | .1644 | .201 .238 275 311 348 | 385 | .422 | .459 | .495 | .532 | .569 | .606 
300 .0523 | .0700 | .0878 | .1234 | .1590 | .1945 | .230 .266 301 337 | 372 | 408 | .443 | .479 | .515 | .550 | .586 
350 .0490 | .0657 | .0824 | .1158 | .1491 | .1825 | 216 249 .283 316 | .349 | .383 | 416 | 449 | 483 | .516 | .550 
400 .0462 | .0619 | .0776 | .1090 | .1405 | .1719 | .203 235 .266 | .298 | .329 | .360 | .392 | .423 | .455 | 486 | .518 
450 .0436 | .0585 | .0733 | .1030 | .1327 | 11624 | 1921 | 222 252 | 281 | 311 | .341 | .370 | .400 | .430 | .459 | .489 
500 .0414 | .0555 | .0695 | .0977 | .1258 | .1540 | .1821 | 210 .338 | 267 | 295 | .323 | 351 | .379 | .407 | .436 | .464 
550 .0393 | .0527 | .0661 | .0928 | .1196 | .1464 | .1731 | .1999 227 .253 | .280 | .307 | .334 | .360 | 387 | 414 | 441 
600 .0375 | .0502 | .0630 | .0885 | .1140 | .1395 | .1649 | .1904 216 | 241 | 267 | .292 | 318 | .343 | .369 | .394 | .420 
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(Continued ) 


Air 
temp. 175 200 225 250 300 400 500 600 700 800 900 | 1000 
deg F psi psi psi psi psi psi psi psi psi psi psi psi Air density table 
30 1.047 | 1.185 | 1.323 | 1.460 | 1.736 | 229 1.84 3.39 3.94 449 | 5.05 | 5.60 | The table at the left is calculated 
40 1.006 | 1.161 | 1.296 | 1.431 | 1.702 | 224 2.78 3.32 3.86 440 | 4.95 | 5.49 | for the perfect gas law. Correc- 
50 1.000 | 1.142 | 1.275 | 1.408 | 1.674 | 2.21 2.74 327 3.80 4.33 | 4.87 | 5.40 | tion for super-compressibility, the 
60 .986 | 1.116 | 1.246 | 1.376 | 1.636 | 2.16 2.68 320 3.72 4.24 | 4.76 | 528 | deviation from the perfect gas 
70 968 | 1.095 | 1.223 | 1.350 | 1.605 | 2.12 2.63 3.14 3.65 4.16 | 4.67 | 518 | law, would be less than 3 percent 
and has not been applied. 
80 950 | 1.075 | 1.200 | 1.325 | 1.575 | 2.08 2.58 3.08 3.58 4.08 | 4.58 | 5.08 
90 .932 | 1.055 | 1178 | 1.301 | 1.547 | 2.04 | 2.53 | 302 | 3.51 | 400 | 4.50 | 499 | The weight density of gases other 
100 916 | 1.036 | 1.157 | 1278 | 1519 | 200 | 2.48 | 2.97 | 345 | 3.93 | 442 | 4.90 | than air can be determined from 
110 .900 | 1.018 | 1.137 | 1255 | 1492 | 1.967 | 244 | 2.92 | 3.39 | 3.86 | 434 | 4.81 | this table by multiplying the den- 
120 .884 | 1.00 | 1117 | 1234 | 1467 | 1.933 | 240 | 2.86 | 3.33 | 3.80 | 426 | 4.73 | sity listed for air by the specific 
gravity of the gas relative to air, 
130 .869 .984 | 1.008 | 1.213 | 1.442 | 1.900 | 2.36 2.82 3.27 3.73 | 4.19 | 4.65 | gg listed in the tables in Table 
140 .855 .967 | 1.080 | 1.193 | 1.418 | 1.868 | 2.32 2.77 3.22 3.67 | 412 | 457 | E73. 
150 .841 .951 | 1.002 | 1.473 | 1.395 | 1.838 | 228 2:12 3.17 3.61 | 4.05 | 4.50 
175 .807 .914 | 1.000 | 1.127 | 1.340 | 1.765 | 2.19 2.62 3.04 3.47 | 3.88 | 432 
200 ATI .879 .982 | 1.084 | 1.289 | 1.608 | 2.11 252 2.93 3.34 | 3.75 | 416 
225 749 .847 .946 | 1.044 | 1.242 | 1.636 | 2.03 2.43 2.82 321 | 3.61 | 4.00 
250 722 817 .913 | 1.088 | 1.198 | 1.579 | 1.959 | 2.34 2.72 3.10 | 3.48 | 3.86 
275 .698 .790 881 9973 | 1.157 | 1.525 | 1.893 | 2.26 2.63 3.00 | 3.36 | 3.73 
300 675 -764 .852 941 | 1.119 | 1.475 | 1.830 | 2.19 2.54 2.90 | 325 | 3.61 
350 .633 716 .800 .883 | 1.050 | 1.384 | 1.717 | 2.05 2.38 2.72 | 3.05 | 3.39 
400 596 .675 .753 832 989 | 1.303 | 1.618 | 1.932 | 225 2.56 | 2.87 | 3.19 
450 563 .638 412 .786 934 | 1.232 | 1.529 | 1.826 | 2.12 2.42 | 2.72 | 3.01 
500 534 .604 675 745 886 | 1.167 | 1.449 | 1.731 | 2.01 2.29 | 2.58 | 2.86 
550 508 575 641 .708 842 | 1.110 | 1.377 | 1.645 | 1.912 | 248 | 245 | 2.72 
600 484 547 611 .675 .802 | 1.057 | 1.312 | 1.567 | 1.822 | 2.08 | 2.33 | 2.59 
Source: Reproduced from Technical Paper No. 410-1980, with permission from Crane Co., 3210 Walnut Ave., 


Long Beach, CA. 
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TABLE E7.5 Specific Gravity and Viscosity of Liquids 


Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press °F re 1 at 60°F °F ^C Centistokes SSU 
Acetaldehyde CH;CHO 69F 61 16.1 0.788 61 16.1 0.305 36 
20.8C 68 20 0.762 68 20 0.295 
Acetic acid—596 
= vinegar CH;COOH 59 15 1.006 
uU —— 59 15 1.014 59 15 1.35 31.7 
DU s. Aisne period 59 15 1.061 59 15 2.27 33 
80% drei 59 15 1.075 59 15 2.85 35 
Conc.-glacial..... 244F 59 15 1.055 59 15 1.34 31.7 
118C 
Acetic acid anhydride 
(CH3COO))O ................ 139C 59 15 1.087 59 15 0.88 
Acetone CH;COCH, ......... 133F 68 20 0.792 68 20 0.41 
50.5C TI 25 
Alcohol 
alls. o aan 207F 68 20 0.855 68 20 1.60 31.8 
97.2C 104 40 0.90 cp 
butyl-n............. sss 243F 68 20 0.81 68 20 3.64 38 
117C 158 70 0.78 158 70 1.17 3l 
ethyl (grain) C,H;OH.... 172F 68 20 0.789 68 20 1.52 31.7 
78.3C | 104 40 0.772 100 37.8 1.2 31.5 
methyl (wood) 
CHOH uses 151F 68 20 0.79 59 15 0.74 
64.7C 32 0 1.04 
propyl 207F 68 20 0.804 68 20 2.8 35 
97.5C 32 0 0.817 122 50 1.4 31.7 
Aluminum sulfate— 
9696 SOL 4er 60 15.6 1.055 68 20 1.41 31.7 
ADMD eicere =355C 0 | —17.8 0.662 0 | —17.8 0.30 
Aniline eae 363F 68 20 1.022 68 20 4.37 40 
184.4C 32 0 1.035 50 10 6.4 46.4 
Asphalt, blended 
RC-0, MC-06, SC-0.......... 60 15.6 1.00 TT. 25 159-324 737-1.5M 
100 37.8 60-108 280-500 
RC-1, MC-1, SC-1.......... 60 15.6 1.0+ 100 37.8 518-1018 2.4M-5M 
122 50 159-324 731-1500 
RC-2, MC-2, SC2.......... 60 15.6 1.0+ 122 50 518-1080 2.4M-5M 
140 60 215-430 1M-2M 


MISCELLANEOUS FLUIDS AND THEIR PROPERTIES 


TABLE E7.5 Specific Gravity and Viscosity of Liquids (Continued ) 


E.91 


Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water = 
Liquid press °F °C 1 at 60°F F °C Centistokes SSU 
Asphalt, blended Cont'd 122 50 1295-2805 6M-13M 
RC-3, MC-3, SC-3.......... 60 15.6 1.07 140 60 540-1080 2.5M-5M 
140 60 1725-4315 8M-20M 
RC-4, MCA, SC4.......... 60 15.6 1.07 180 82.8 270—540 1.25M-2.5M 
140 60 6040-18340 28M-85M 
RC-5, MC-5, SC-5........ 60 15.6 1.07 180 82.8 647-1295 3M-6M 
TI 25 33-216 155-1M 
RS-1, MS-1, SS-1............ 60 15.6 1.07 100 37.8 19-75 90-350 
Asphalt emulsions TI 25 215-1510 1M-7M 
Fed $81. eet 60 15.6 1.07 100 37.8 75-367 350-1700 
TI 25 33-216 155-1000 
Fed #2, V, VI... 60 15.6 1.07 100 37.8 19-75 90-350 
Automotive crankcase oils 
60 15.6 88-.94 0 | -178 1295 max 6M-max 
60 15.6 88-.94 0 | —17.8 | 1295-2590 6M-12M 
60 15.6 88-.94 0 | —17.8 | 2590-10350 12M-48M 
60 15.6 88-.94 210 98.9 5.7-9.6 45-58 
60 15.6 88-.94 210 98.9 9.6-12.9 58-70 
60 15.6 88-.94 210 98.9 | 12.9-16.8 70-85 
60 15.6 88-.94 210 98.9 | 16.8-22.7 85-110 
Automotive gear oils 
SAE TOW tnus 60 15.6 88-.94 210 98.9 4.2 min 40 min 
SAE, BOW ariin 60 15.6 88-.94 210 98.9 7.0 min 49 min 
SAE 85 W wcities 60 15.6 88-.94 210 98.9 11.0 min 63 min 
SAE 00... accents 60 15.6 88-.94 210 98.9 14-25 74-120 
SAE 140... 60 15.6 88-.94 210 98.9 25-43 120-200 
SAE IO iraani: 60 15.6 88-.94 210 98.9 43 min 200 min 
RCO ——— 60 15.6 1.01 68 20 1.8 32 (est) 
Benzene (Benzol) C,H...... 176F 32 0 0.899 32 0 1.00 31 
80.4C | 60 15.6 0.885 68 20 0.744 
Bone oil. 60 15.6 0.918 130 54.4 47.5 220 
212 | 100 11.6 65 
Boric acid, sat. HBO; ....... 46.4 8 1.014 
59 15 1.025 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press °F °C 1 at 60°F F °C Centistokes SSU 
Brine see sodium choride 
and calcium chloride...... 
142F 68 20 
Bromine ............... sese 588C | 32 0 2.9 68 20 0.34 
31.1F —50 0.52 
Butane-n ............... sees —0.5C | 60 15.6 0.584 30 -11 0.35 
316F 68 20 1.61 
Butyric acid n...................... 162.5C | 68 20 0.959 32 0 2.3cp 31.8 
Calcium chloride 
Sinerien aini 65 18.3 1.040 65 18.3 1.156 
DD To AEREA ne 60 15.6 1.23 60 15.6 4.0 39 
360F 65 18.3 11.83 
Carbolic acid (phenol)....... 182.2C | 65 18.3 1.08 194 90 1.26cp 65 
Carbon tetrachloride 
CCl iiie augue nce 170F 68 20 1.594 68 20 0.612 
76.7C 100 37.8 0.53 
Carbon disulfide 
CS st ed mos 115F 32 0 1.293 32 0 0.33 
46.2C 68 20 1.263 68 20 0.298 
Castor oil.............................. 68 20 0.96 100 37.8 | 259-325 1200-1500 
104 40 0.95 130 54.4 98-130 450-600 
China wood oil ................... 60 15.6 0.943 69 20.6 308.5 1425 
100 37.8 125.5 580 
Chloroform... 142F 68 20 1.489 68 20 0.38 
612C | 140 60 1.413 140 60 0.35 
Coconut oil........................... 60 15.6 0.925 100 37.8 | 29.8-31.6 140-148 
130 54.4 | 14.7-15.7 76-80 
Cód oilani 60 15.6 0.928 100 37.8 32.1 150 
130 54.4 19.4 95 
Corn’ oll. nnne 60 15.6 0.924 130 54.4 28.7 135 
212 100 8.6 54 
Corn starch solutions 
22 Baume. een 60 15.6 1.18 70 21.1 32.1 150 
100 37.8 27.5 130 
24 Baume... 60 15.6 1.20 70 21.1 129.8 600 
100 37.8 95.2 440 
25 Baume... 60 15.6 1.21 70 21.1 303 1400 
100 37.8 173.2 800 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press °F °C 1 at 60°F °F "C Centistokes SSU 
100 37.8 37.9 176 
Cotton seed oil ................... 60 15.6 .88-.93 30 54.4 20.6 100 
60 15.6 
Creosote ii sccupseineadperesiseveks 60 15.6 1.04-1.10 30 54.4 
Crude oil 
60 | 15.6 0.79 60 15.6 3.8 39 
4S APO exce 130 | 544 0.76 30 54.4 1.6 31.8 
60 | 15.6 0.825 60 15.6 9.7 55.7 
AQP CAPE sees 130 | 544 0.805 30 54.4 3.5 38 
60 | 15.6 0.847 60 15.6 17.8 88.4 
35106: A PL. eae 130 | 544 0.824 30 54.4 4.9 42.3 
60 | 15.6 0.862 60 15.6 23.2 110 
3216: APL isse 130 | 544 0.84 30 54.4 TL 46.8 
60 | 15.6 0.843 60 15.6 77 
Salt Creeka ioana; 130 | 54.4 0.82 30 54.4 6.1 45.6 
343F 0 | —17.8 2.36 34 
Décanézn ee 173C 68 | 20 0.73 00 37.8 1.001 31 
Diethylene glycol ............... 60 15.6 1.12 70 21.1 32 149.7 
Diethyl ether... 94.4F 68 | 20 0.714 68 20 0.32 
Diesel fuel oils 
100 37.8 2-6 32.6-45.5 
pp ——— —ÁÓÓ— M 60 | 15.6 .82-.95 30 544 1.-3.97 -39 
100 37.8 6-11.75 45.5-65 
SD ———— 60 | 15.6 .82-.95 30 54.4 | 3.97-6.78 39—48 
100 37.8 29.8 max 140 max 
AD) o ceste 60 | 15.6 .82-.95 30 544 13.1 max 70 max 
122 50 86.6 max 400 max 
o D A A ney 60 | 15.6 .82-.95 60 71.1 352 max 165 max 
Ethyl acetate 
CH;COOC;H; 171F 59 15 0.907 59 15 0.4 
TIC 68 20 0.90 68 20 0.49 
Dowtherm .............. e 494.3? TI 25°C 1.056 77 25 
Ethyl bromide 
CH Bissens as 101F 59 15 1.45 68 20 0.27 
77.2C 
Ethylene bromide 269F 68 20 2.18 68 20 0.787 
131.7C 
Ethylene chloride 183F 68 20 1.246 68 20 0.668 
837C 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press SE a 1 at 60°F °F "C Centistokes SSU 
Ethylene glycol................... 60 15.6 1.125 70 21.1 17.8 88.4 
Formic acid 
1090... es ices al est 68 20 1.025 68 20 1.04 31 
3080s co ese IE SiC 68 20 1.121 68 20 1.2 31.5 
8096 reete nas 68 20 1.186 68 20 14 31.7 
68 20 1.48 
COCA sente Ced 60 15.6 1.221 TI 25 1.57ep SET: 
Freon 
Ls tete S 70 21.1 1.49 70 21.1 0.21 
I € n 70 21.1 1.33 70 21.1 0.27 
—2 este ett 70 21.1 1.37 70 21.1 1.45 31.7 
68 20 1.45 
Furfurol.:: ence 161.7C 68 20 1.159 TI 25 1.49cp 31.7 
Fuel oils 
70 21.1 2.39-4.28 34-40 
————— 60 15.6 .82-.95 00 37.8 -2.69 32-35 
70 21.1 3.0-7.4 36-50 
PAE E EE 60 15.6 .82-.95 00 37.8 2.11-4.28 33-40 
70 21.1 2.69-5.84 35-45 
E E TEE EES 60 15.6 .82-.95 00 37.8 2.06-3.97 32.8-39 
70 21.1 7.4-26.4 50-125 
D —————Á— 60 15.6 .82-.95 00 37.8 4.91-13.7 42-72 
70 21.1 26.4- 125- 
SB ... 60 15.6 .82-.95 00 37.8 13.6-67.1 72-310 
122 50 97.4—660 450-3M 
(e —— 60 15.6 .82-.95 60 71.1 37.5-172 175-780 
70 21.1 13.9 73 
Gas oils «ntt 60 15.6 0.89 00 37.8 74 50 
Gasolines 
60 15.6 0.88 
r— —Ó—— 60 15.6 0.74 00 37.8 0.71 
60 15.6 0.64 
Diae iets dietetics 60 15.6 0.72 00 37.8 
60 15.6 0.46 
Cia ————M—( 60 15.6 0.68 00 37.8 0.40 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press °F uo 1 at 60°F °F °G Centistokes SSU 
Glycerine 
IO neiaa 554F 68 20 1.260 68.6 20.3 648 2950 
00 37.8 176 813 
50% WAT oiis 68 20 1.13 68 20 5.29 43 
40 60 1.85cp 
Glucose nonini 60 15.6 1.35-1.44 00 37.8 | 7.7M-22M 35M-100M 
50 65.6 880-2420 4M-11M 
Heptane-n..w. ee 209.2F 60 15.6 0.688 0 —17.8 0.928 
98.4C 00 37.8 0.511 
Hexane-n.. ess 155.7F 60 15.6 0.664 0 —17.8 0.683 
68.7C 00 37.8 0.401 
Honey. 00 37.8 73.0 340 
Industrial lubricants 
Turbine oils 
60 15.6 647 3000 
200 93.3 14.5 TI 
60 15.6 367 1700 
200 93.3 11 63 
60 15.6 259 1200 
200 93.3 8 52 
VAL ——— 60 15.6 151 700 
SSU 200 93.3 7.3 48 
150. EEES 60 15.6 99 460 
SSU eiai 200 93.3 6 45.5 
Machine lubricants 
HBS cee hove anes .88-.94 100 37.8 23-34 112-160 
30 54.4 13-18 70-90 
HL Osis sees .88-.94 00 37.8 34-72 160—235 
30 54.4 18-25 90-120 
#20 oie ee, .88-.94 00 37.8 72-83 235-385 
30 54.4 25-39 120-185 
34305 ssi eia sed .88-.94 00 37.8 75-119 350-550 
30 54.4 39-55 185-255 
Cutting oils 
JE Ls ete edes 100 37.8 30-40 140-190 
30 54.4 17-23 86-110 
JA sera eoe aeree 00 37.8 40-46 190-220 
30 54.4 23-26 110-125 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water = 
Liquid press BE "ES 1 at 60°F °F "C Centistokes SSU 
Ink, printers .................. 60 15.6 1.0-1.4 100 37.8 550-2200 2500-10M 
130 544 238-660 1100-3M 
Insulating oil ....................... 70 21.1 24.] max 115 max 
100 37.8 11.75 max 65 max 
Kerosene 60 15.6 -18-.82 68 20 2.71 35 
Jet fuel (av)... 325F 60 15.6 82 —30| —34.4 7.9 52 
Lárdz i eet 60 15.6 0.96 00 37.8 | 621 287 
30 54.4 | 343 160 
Eärdioilii iens 60 15.6 .91-.93 00 37.8 41-47.5 190-220 
30 54.4 | 234-271 112-128 
Linseed oil... 60 15.6 .92-.94 00 37.8 | 305 143 
30 54.4 18.94 93 
Mercy aet 675.1F 60 15.6 13.57 70 21.1 0.118 
356.9C 00 37.8 0.11 
Methyl acetate .................... 135F 68 20 0.93 68 20 0.44 
57.2C 04 40 0.32cp 
Methyl iodide...................... 108F 68 20 228 68 20 0.213 
42.6C 04 40 0.42cp 
Menhadden oil.................... 60 15.6 0.93 00 37.8, 298 140 
30 544 182 90 
Milk iain 60 15.6 1.02-1.05 68 20 1.13 31.5 
Molasses 
ABST anaiai 60 15.6 1.40-1.46 00 37.8 | 281-5070 1300-23500 
30 54.4 | 151-1760 700-8160 
B, SECON iris 60 15.6 1.43-1.48 00 37.8 | 1410-13.2M 6535-61180 
30 54.4 | 660-3.3M 3058-15294 
C, blackstrap ................... 60 15.6 1.46-1.49 00 37.8 | 2630-55M 12190-255M 
30 54.4 | 1320-16.5M | 6120-76.5M 
Naphthalene........................ 424F 68 20 1.145 76 80 0.9 
218C 212 100 0.78cp 
Neatsfoot oil ....................... 60 15.6 0.917 00 378, 497 230 
30 544 | 275 130 
Nitrobenzene................... 412F 68 20 1.203 68 20 1.67 31.8 
210.9C 59 15 1.205 
Nonane-n ............eeeeeee 302F 60 15.6 0.7218 0| -178 1.728 32 
150.7C 68 20 0.718 100 37.8 0.807 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press BE "ES 1 at 60°F “F °C Centistokes SSU 
Octarné:n eee 258F 60 15.6 0.7069 0 | -178 1.266 31.7 
125.6C 100 37.8 0.645 
Olive Oil — (570)F 60 15.6 .91-.92 100 37.8 432 200 
(300)C 130 544 24.1 
Palii:oil;........ nitens een 60 15.6 0.924 100 37.8 47.8 
130 544 26.4 
60 15.6 0.92 100 37.8 42 200 
130 544 23.4 
Péntanezn. scenes 96.9F 32 0 0.650 0 | —17.8 0.508 
36C 60 15.6 0.631 80 26.7 0.342 
Petrolatum......................... 60 15.6 0.83 130 544 20.5 100 
160 71.1 15 TI 
Petroleum ether.................. 60 15.6 0.64 60 15.6 31(est) 1.1 
Propionic acid ..................... 286F 68 20 0.99 32 0 1.52cp 31.5 
68 20 1.13 
Propylene glycol................. 68 20 1.038 70 21.1 52 241 
Quenching oil 
(typical)... sss 60 15.6 86-.89 100-120 20.5-25 
Rapeseed oil ....................... 68 20 0.92 00 37.8 54.1 250 
130 544 31 145 
Rosin oil... 60 15.6 0.98 00 37.8 324.7 1500 
130 544 129.9 600 
Rosin (wood) ...................... 60 15.6 1.09 avg 00 37.8 216-11M 1M-50M 
200 93.3 108-4400 500-20M 
Sesame seed oil .................. 60 15.6 0.923 00 37.8 39.6 184 
130 544 23 110 
Sodium chloride 
So —Á——( 39 3.9 1.037 68 20 1.097 31.1 
2I E E 39 3.9 1.196 60 15.6 24 34 
60 15.6 1.19 
Sodium hydroxide 
(caustic soda) 
20005: o E ce es 60 15.6 1.22 65 18.3 4.0 39.4 
30062 icc ste 60 15.6 1.33 65 18.3 10.0 58.1 
MOM ——— 60 15.6 1.43 65 18.3 110.1 
Soya bean oil... 60 15.6 .924—.928 100 37.8 35.4 165 
130 54.4 19.64 96 
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Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press °F "ES 1 at 60°F °F "C Centistokes SSU 
100 37.8 21-23 110 
Sperm oil... 60 15.6 1.35-1.44 30 544 152 78 
Sugar solutions 
Corn syrup 
864 Brixen 60 15.6 1.459 00 37.8 180Mcp 
180 822 1750cp 
84.4 Brix ... 60 15.6 1.445 00 37.8 48Mcp 
180 82.2 800cp 
82:3: Brix ccs 60 15.6 1.431 00 37.8 17Mcp 
180 822 380cp 
80.3 Brix aee 60 15.6 1.418 00 37.8 6900cp 
180 82.2 230cp 
78:4 Brix ciues 60 15.6 1.405 00 37.8 3200cp 
180 822 160cp 
Sugar solutions 
Sucrose 
60. Brixen 60 15.6 1.29 70 21.1 49.7 230 
100 37.8 18.7 92 
60 15.6 1.31 70 21.1 95.2 440 
100 37.8 31.6 148 
68. Brix ch 60 15.6 1.338 70 21.1 216.4 1000 
100 37.8 39:5 275 
T2: BTR ex esie 60 15.6 1.36 70 21.1 595 2700 
100 37.8 138.6 640 
JA Biksu 60 15.6 1.376 70 21.1 1210 5500 
100 37.8 238 1100 
TO Brix ssai 60 15.6 1.39 70 21.1 2200 10000 
100 37.8 440 2000 
SUUR aonana 444.6C 
Sulfuric acid 
100%... 68 20 1.839 68 20 14.6 76 
140 60 7.2cp 
DD To 3m nee ee eee 68 20 1.839 68 20 14.5 75 
OOM r——À 68 20 1.50 68 20 44 41 
p ——M 68 20 1.14 
Tar, coke oven.... 60 15.6 1412-4 70 21.1 600-1760 3M-8M 
100 37.8 141-308 650-1400 
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TABLE E7.5 Specific Gravity and Viscosity of Liquids (Continued ) 


Specific gravity Viscosity 
Boiling 
point Temp Based Temp 
at atm on water — 
Liquid press °F uo 1 at 60°F °F a Centistokes SSU 
70 21.1 3300-66M 15M-300M 
Tar, gas house.................... 60 15.6 1.16-1.30 100 37.8 440-4400 2M-20M 
Tar Piterni 100 37.8 559 2500 
60 15.6 1.06+ 132 55.6 108.2 500 
Tar, road— 
RI-2 4 oae 60 15.6 1.074 122 50 43.2-64.9 200—300 
212 00 8.8-10.2 55-60 
RIS eat 60 15.6 1.084 122 50 86.6-154 400—700 
212 00 11.6-14.3 65-70 
RI-Ó6.2 ena 60 15.6 1.094 122 50 216-440 1M-2M 
212 00 16.8-26.2 85-125 
60 15.6 1.134 122 50 660-1760 3M-8M 
212 00 31.8-48.3 150-225 
PRED O's S nasse 60 15.6 1.144 122 50 4.4M-132M 20M-60M 
212 00 53.7-86.6 250—400 
REDE 123. SUBE 60 15.6 1.154 122 50 25M-75M 114M-456M 
212 00 108-173 500—800 
Toluene.................. sss 231F 68 20 0.866 68 20 0.68 
110.6C 140 60 0.38cp 
Triethylene glycol............... 68 20 1.125 70 21.1 40 185.7 
"T'ürpettine. lace cce 320F 60 15.6 .86-.87 100 37.8 86.6-95.2 400—440 
130 54.4 39.9-44.3 185-205 
Varnish, spar... 60 15.6 0.9 68 20 313 1425 
100 37.8 143 650 
Water 
distilled... ez 60 15.6 1.00 68 20 1.0038 31 
fresh sis 60 15.6 1.0 60 15.6 1.13 31.5 
130 54.4 0.55 
Sears 60 15.6 1.03 1.15 31.5 
Whale oil............................ 60 15.6 0.925 100 37.8 35-39.6 163-184 
130 54.4 19.9-23.4 97-112 
KVENNA Ann a 287F 68 20 0.87 68 20 0.93 
142.7C 104 40 0.623cp 
Source: Based on material from Hydraulic Institute, with additions by Ingersoll-Dresser Pumps. 
Reprinted with permission from the 18th edition of Cameron Hydraulic Data, copyright Ingersoll-Dresser Pump 


Company, Liberty Corner, New Jersey. 
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TABLE E8.1 Nominal Coefficients of Thermal Expansion for Ferrous Materials 


Temperature, °F 


Coef- 
Materials ficient — 70 100 150 200 250 300 350 
Carbon and low 
alloy steels 
Material Group A A 6.41 6.53 6.73 6.93 7.12 7.30 7.49 
[Note (1)] B : 6.50 6.57 6.67 6.77 6.87 6.98 
C 0 0.0023 0.0063 0.0104 0.0146 0.0190 0.0235 
Material Group B A 5.60 5.83 6.20 6.55 6.88 7.18 7.47 
[Note (2)] B de 5.73 5.91 6.09 6.27 6.43 6.59 
C 0 0.0021 0.0057 0.0095 0.0135 0.0177 0.0221 
Material Group C A 5.42 5.65 6.03 6.39 6.73 7.04 7.33 
[Note (3)] B is 5.53 5.71 5.89 6.09 6.26 6.43 
C 0 0.0020 0.0055 0.0092 0.0132 0.0173 0.0216 
Material Group D A 7.02 7.13 7.29 7.45 7.60 7.74 7.88 
[Note (4)] B sit 7.06 7.16 7.25 7.34 7.43 7.50 
C 0 0.0025 0.0069 0.0113 0.0158 0.0205 0.0252 
Material Group E A 6.20 6.37 6.62 6.85 7.05 7.25 7.43 
[Note (5)] B ew 6.27 6.41 6.54 6.65 6.78 6.88 
C 0 0.0023 0.0062 0.0102 0.0144 0.0187 0.0231 
2V4Cr-1Mo A 6.45 6.60 6.80 6.90 7.16 7.35 7.48 
B ys 6.50 6.60 6.70 6.80 6.90 6.98 
C 0 0.0023 0.0063 0.0105 0.0147 0.0190 0.0235 
5Cr-Y?Mo, A 6.52 6.59 6.71 6.83 6.94 7.04 7.15 
5Cr-⁄2Mo-Si, and B E 6.50 6.65 6.73 6.80 6.87 6.93 
5Cr-'?Mo- Ti C 0 0.0026 0.0066 0.0107 0.0149 0.0190 0.0233 
7Cr-YeMo and A 5.82 5.90 6.03 6.16 6.29 6.41 6.53 
9Cr-1Mo B 2 5.85 5.93 6.02 6.10 6.15 6.23 
C 0 0.0021 0.0057 0.0094 0.0132 0.0170 0.0209 
Mn-V A 6.60 6.79 7.00 7.20 7.40 7.58 7.15 
B ad 6.68 6.80 6.90 7.05 745 7.25 
C 0 0.0024 0.0065 0.0108 0.0152 0.0197 0.0244 
SNi-Y%4Mo A 6.20 6.34 6.55 6.74 6.90 7.06 721 
B ds 6.27 6.41 6.50 6.59 6.68 6.76 
C 0 0.0023 0.0062 0.0101 0.0142 0.0184 0.0227 
8Ni and 9Ni A 5.50 5.70 6.00 6.25 6.45 6.60 6.75 
B E 5.63 5.80 5.94 6.06 6.17 6.28 
C 0 0.0020 0.0056 0.0093 0.0131 0.0170 0.0211 
High chrome steels 
12Cr, 12Cr-1AI, A 5.92 6.03 6.18 6.30 6.41 6.50 6.59 
13Cr, and 13Cr-4Ni B sss 5.98 6.08 6.15 6.23 6.30 6.35 
C 0 0.0022 0.0058 0.0096 0.0135 0.0174 0.0213 
15Cr and 17Cr A 5.33 5.41 5.54 5.66 5.77 5.88 5.99 
B à 5.37 5.45 5.52 5.59 5.65 5.70 
C 0 0.0019 0.0052 0.0086 0.0121 0.0156 0.0192 
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TABLE E8.1 Nominal Coefficients of Thermal Expansion for Ferrous Materials 
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(Continued ) 
Temperature, °F 

400 450 500 550 600 650 700 750 800 
Carbon and low alloy steels 
7.66 7.84 8.03 821 8.35 8.51 8.64 8.78 8.90 
7.07 745 7.25 7.34 742 7.52 7.59 7.68 7.16 
0.0280 0.0326 0.0374 0.0423 0.0472 0.0523 0.0574 0.0627 0.0680 
7.73 7.97 8.18 8.38 8.55 8.70 8.83 8.94 9.02 
6.74 6.89 7.06 7.18 7.28 7.40 7.51 7.61 771 
0.0267 0.0314 0.0364 0.0414 0.0463 0.0515 0.0568 0.0621 0.0675 
7.60 7.85 8.07 828 8.46 8.62 8.75 8.87 8.96 
6.61 6.77 6.91 7.06 7.17 7.30 7.41 7.50 7.59 
0.0262 0.0309 0.0357 0.0407 0.0456 0.0508 0.0560 0.0612 0.0665 
8.01 8.13 8.25 8.36 8.46 8.55 8.63 8.71 8.78 
7.58 7.63 7.70 7.17 7.83 7.90 7.94 8.00 8.05 
0.0300 0.0348 0.0397 0.0448 0.0498 0.0550 0.0600 0.0653 0.0706 
7.59 7.75 7.90 8.04 8.16 8.28 8.39 8.49 8.57 
6.98 7.07 7.16 7.24 7.32 741 7.47 7.55 7.61 
0.0276 0.0322 0.0369 0.0417 0.0466 0.0516 0.0565 0.0616 0.0667 
7.65 7.76 7.90 7.99 8.10 8.17 825 8.32 8.40 
7.07 745 7.23 7.31 7.38 7.45 7.50 7.56 7.62 
0.0280 0.0326 | 0.0373 0.0421 0.0469 0.0519 0.0567 0.0617 0.0668 
7.25 7.35 7.44 7.53 7.62 7.71 7.79 7.87 7.95 
6.97 7.00 7.05 7.10 7.15 7.19 7.24 7.28 7.32 
0.0276 0.0319 0.0364 0.0409 0.0455 0.0500 0.0547 0.0594 0.0641 
6.64 6.75 6.87 6.97 7.07 7.17 7.27 7.36 7.44 
6.29 6.34 6.40 6.46 6.51 6.57 6.62 6.66 6.71 
0.0249 0.0289 0.0330 0.0372 0.0414 0.0457 0.0500 0.0544 0.0588 
7.90 8.05 8.17 8.30 8.40 8.50 8.60 8.70 8.78 
7.33 7.40 7.50 7.58 7.65 7.74 7.80 7.87 7.93 
0.0290 0.0337 0.0388 0.0437 0.0486 0.0539 0.0590 0.0642 0.0695 
7.35 7.50 7.63 7.76 7.89 8.00 8.12 8.23 8.33 
6.84 6.92 6.99 7.06 7.14 721 7.27 7.34 7.40 
0.0271 0.0315 0.0361 0.0407 0.0454 0.0501 0.0549 0.0599 0.0649 
6.90 7.04 7.16 7.27 7.37 7.45 7.52 7.57 7.64 
6.39 6.47 6.56 6.63 6.70 6.72 6.78 6.84 6.89 
0.0253 0.0295 0.0338 0.0382 0.0426 0.0468 0.0513 0.0558 0.0604 
High chrome steels 
6.66 6.72 6.77 6.83 6.88 6.94 6.99 7.05 7.11 
6.40 6.44 6.48 6.51 6.53 6.57 6.60 6.64 6.67 
0.0253 0.0294 0.0334 0.0375 0.0415 0.0457 0.0499 0.0542 0.0584 
6.09 6.19 6.28 6.37 6.46 6.54 6.62 6.70 6.77 
5.75 5.80 5.85 5.90 5.95 6.00 6.05 6.09 6.13 
0.0228 0.0264 0.0302 0.0340 0.0378 0.0418 0.0457 0.0497 0.0537 
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TABLE E8.1 Nominal Coefficients of Thermal Expansion for Ferrous Materials 
(Continued ) 


Temperature, °F 


Coef- 
Materials ficient — 70 100 150 200 250 300 350 
High chrome steels (Cont'd) 
27Cr A 5.02 5.07 5.14 5.22 5.29 5.36 5.44 
B oe 5.06 5.12 5.15 5.20 5.23 5.26 
Cc 0 0.0018 0.0049 0.0080 0.0112 0.0144 0.0177 


High alloy steels 


18Cr-13Ni-3Mo 
and 16Cr-12Ni- 
2Mo [Note (6)] 


17Cr-4Ni-4Cu 


8.42 8.59 8.84 9.09 9.33 9.56 9.76 
es 8.54 8.64 8.76 8.88 8.97 9.11 
0 0.0031 0.0083 0.0137 0.0192 0.0248 0.0306 


5.89 5.89 5.89 5.90 5.90 5.90 5.91 
sap 5.89 5.89 5.90 5.90 5.90 5.91 
0 0.0021 0.0057 0.0092 0.0127 0.0163 0.0199 


7.94 8.06 8.26 8.43 8.61 8.78 8.94 
fog 8.03 8.17 8.25 8.35 8.45 8.54 
0 0.0029 0.0078 0.0129 0.0180 0.0233 0.0287 


8.46 8.63 8.87 9.08 9.27 9.46 9.64 
ats 8.55 8.67 8.79 8.90 9.00 9.10 
© 0.0031 0.0083 0.0137 0.0192 0.0248 0.0306 


8.97 9.03 9.13 9.23 9.33 9.41 9.49 
ved 9.02 9.10 9.16 9.22 9.26 9.30 
0 0.0033 0.0088 0.0143 0.0199 0.0256 0.0312 


8.53 8.70 9.00 9.29 9.55 9.78 9.98 
DT 8.62 8.75 8.92 9.07 9.22 9.32 
0 0.0031 0.0084 0.0139 0.0196 0.0254 0.0313 


9.10 9.21 9.38 9.54 9.70 9.85 9.99 
aii 9.17 9.27 9.37 9.46 9.54 9.63 
0 0.0033 0.0089 0.0146 0.0204 0.0263 0.0324 


8.24 8.35 8.51 8.67 8.81 8.95 9.08 
- 8.30 8.40 8.48 8.57 8.65 8.73 
0 0.0030 0.0081 0.0132 0.0185 0.0239 0.0293 


18Cr-5Ni-3Mo 


18Cr-8Ni [Note (6)] 


and 18Cr-11Ni 


18Cr-10Ni- Ti 


18Cr-10Ni-Cb 


19Cr-9Ni-Mo-W 


22Cr-13Ni-5Mn 


25Cr-12Ni, 8.81 8.89 8.99 9.06 9.11 9.17 9.22 
23Cr—12Ni, and ihe 8.87 8.95 9.02 9.06 9.10 9.12 
25Cr-20Ni 0 0.0032 0.0086 0.0141 0.0196 0.0251 0.0306 


25Ni-15Cr-2Ti 8.22 8.31 8.46 8.61 8.75 8.89 9.02 
824 8.32 8.39 8.47 8.54 8.62 


0 0.0030 0.0080 0.0131 0.0183 0.0236 0.0290 


8.72 8.84 8.93 9.02 9.11 9.20 9.29 
8.75 8.85 8.90 8.99 9.04 9.09 
0 0.0032 0.0085 0.0139 0.0194 0.0250 0.0305 


28Ni-19Cr-Cu-Mo 


QU» awk ADP aW awk ADP ADP ABP ADP ADP AW 


Source: Reproduced from 1995 ASME Section II, Part D, with permission from American Society 
of Mechanical Engineers, 345 East 47th St., New York, NY. 
GENERAL NOTE: 

Coefficient A is the instantaneous coefficient of thermal expansion X 10° (in./in./°F). Coefficient B 
is the mean coefficient of thermal expansion X 10^* (in./in./°F) in going from 70°F to indicated temperature. 
Coefficient C is the linear thermal expansion (in./ft) in going from 70°F to indicated temperature. 
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TABLE E8.1 Nominal Coefficients of Thermal Expansion for Ferrous Materials 
(Continued ) 


Temperature, °F 


400 450 500 550 600 650 700 750 800 
High chrome steels (Cont'd) 

5.51 5.58 5.66 5.73 5.80 5.88 5.94 6.02 6.09 

5.30 5.33 5.37 5.40 5.43 5.47 5.50 5.54 5.57 


0.0210 0.0243 0.0277 0.0311 0.0345 0.0381 0.0416 0.0452 0.0488 
High alloy steels 
9.95 10.10 10.25 10.38 10.51 10.64 10.76 10.87 10.98 


9.21 9.32 9.42 9.50 9.60 9.69 9.76 9.81 9.90 
0.0365 0.0425 0.0486 0.0547 0.0611 0.0674 0.0738 0.0800 0.0867 
5.91 5.91 5.91 5.93 5.96 5.99 6.03 6.08 6.14 
5.91 5.91 5.91 5.93 5.93 5.93 5.94 5.95 5.96 
0.0234 0.0269 0.0305 0.0342 0.0377 0.0413 0.0449 0.0486 0.0522 
9.09 9.24 9.38 9.52 9.64 9.76 9.87 9.96 10.06 
8.61 8.69 8.76 8.83 8.90 8.97 9.04 9.10 9.16 
0.0341 0.0396 0.0452 0.0509 0.0566 0.0624 0.0683 0.0743 0.0802 
9.80 9.95 10.10 10.25 10.38 10.50 10.60 10.70 10.79 
9.19 9.28 9.37 9.45 9.53 9.61 9.69 9.76 9.82 
0.0364 0.0423 0.0483 0.0544 0.0606 0.0669 0.0733 0.0796 0.0860 
9.57 9.64 9.72 9.78 9.85 9.92 9.98 10.04 10.10 
9.34 9.38 9.42 9.45 9.48 9.52 9.55 9.58 9.61 


0.0370 0.0427 0.0486 0.0545 0.0602 0.0662 0.0722 0.0787 0.0842 


10.16 10.30 10.44 10.55 10.66 10.76 10.86 10.96 11.05 
9.45 9.55 9.65 9.75 9.83 9.90 9.97 10.03 10.08 
0.0374 0.0435 0.0498 0.0562 0.0625 0.0689 0.0754 0.0818 0.0883 


10.13 10.26 10.38 10.50 10.61 10.72 10.81 10.91 10.99 


9.69 9.76 9.83 9.89 9.95 10.01 10.07 10.13 10.18 
0.0384 0.0445 0.0507 0.0570 0.0633 0.0697 0.0761 0.0827 0.0892 
9.21 9.33 9.44 9.54 9.64 9.73 9.82 9.89 9.97 
8.79 8.86 8.92 8.98 9.03 9.09 9.15 9.20 9.25 
0.0348 0.0404 0.0460 0.0517 0.0574 0.0633 0.0692 0.0751 0.0810 
9.27 9.29 9.33 9.37 9.39 9.44 9.47 9.52 9.56 
9.14 9.16 9.18 9.20 9.21 9.23 9.25 9.27 9.28 
0.0362 0.0418 0.0474 0.0530 0.0586 0.0642 0.0699 0.0756 0.0813 
9.14 9.26 9.37 9.48 9.58 9.68 9.77 9.85 9.93 
8.69 8.76 8.82 8.88 8.94 9.00 9.06 9.11 9.17 
0.0344 0.0399 0.0455 0.0512 0.0569 0.0627 0.0685 0.0744 0.0803 
9.38 9.48 9.57 9.66 9.76 9.86 9.95 10.04 10.14 
9.14 9.18 9.22 9.26 9.30 9.35 9.39 9.44 9.48 


0.0362 0.0419 0.0476 0.0533 0.0591 0.0651 0.0710 0.0770 0.0830 


Notes continue on next page. 
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TABLE E8.1 Nominal Coefficients of Thermal Expansion for Ferrous Materials 


(Continued ) 


Notes: 


(1) Material Group A consists of: 


Plain carbon steels 
Carbon- manganese steel 
VoNi-YV?Mo- V 
3ANi-Y4Mo-Cr-V 

(2) Material Group B consists of: 
Carbon-silicon steels 
C-Y?Mo 
VoCr-VoNi-V6Mo 

(3) Material Group C consists of: 
C-Mn-Si steels 
YaCr-YaMo-Si 
1Cr-¥2Mo-V 


(4) Material Group D consists of: 


Mn-4AMo 
Mn-2Mo 

(5) Material Group E consists of: 
T'ANi-1Cr-2Mo 
134Ni-%4Cr—-Y4Mo 
2Ni-%4Cr-Y44Mo 

(6) Includes N grades also 


*%ANi-YeMo-¥sCr-V 
34Ni-1Mo-?4Cr 
34Ni-V9Cr-Y6Mo- V 
1Ni-'eCr-V2Mo 


VoCr-VeMo 
VoCr-V6Mo-V 
1Cr-6Mo 


VaCr-VeMo 
1/4Cr-Y2Mo-Si 
2Cr-Y'6Mo 


Mn-Y2Mo-"ANi 
Mn-Y2Mo-'ANi 


2Ni-3?4Cr-Y5Mo 
2Ni-1Cu 
2VoNi and 3!2Ni 


VeNi-V9Cr-Y4Mo- V 
34Ni-V6Cu- Mo 
34Cr—ANi-Cu- AI 
34Cr-VeNi-Cu 


1Cr-¥%Mo 
1Cr-V5Mo-Si 
134Cr-Y46Mo- Cu 


3Cr-1Mo 


Mn-Y2Mo-?4Ni 


3/eNi-194Cr-V9Mo- V 
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TABLE E8.2 Moduli of Elasticity E of Ferrous Materials for Given Temperatures 


Modulus of Elasticity E — Value Given X 10* psi, for Temp., ^F, of 


Materials —325  .—200 .-—100 700 200 300 400 500 600 700 800 900 


Carbon steels with 31.4 30.8 30.2 295 288 283 277 273 267 255 242 224 
C x 0.3096 

Carbon steels with — 31.2 30.6 300 293 286 281 275 271 265 253 240 223 
C > 0.3096 

Material Group A! 311 30.5 29.9 292 285 280 274 270 264 253 239 222 

Material Group B? 29.6 29.1 285 27.8 221 267 26.1 257 252 24:6 230  ... 

Material Group C? 31.6 31.0 304 297 29.0 285 279 275 269 263 255 248 

Material Group D* — 32.6 32.0 31.4 30.6 298 294 288 283 277 271 263 256 

Material Group E* 32.9 32.3 31.7 30.9 30.1 29.7 290 28.6 28.0 273 26.1 24.7 

Material Group Fô 312 30.7 301 292 285 279 273 26.7 261 25.6 247 232 

Material Group G7 30.3 29.7 291 28.3 276 270 265 25.8 253 248 241 235 


Notes: 

(1) Material Group A consists of the following carbon-molybdenum steels: 
C-YeMo Mn-Y4Mo 
Mn-!2Mo Mn-V 

(2) Material Group B consists of the following Ni steels: 
3ANi-/2Mo-Cr-V 1Ni-/&Cr-YVeMo 
VeNi-VeMo- V 34Ni-1Mo-—?AACr 
3ANi-Y2Mo-&Cr- V VoNi-V&Cr-YVAMo- V 
3ACr-—ANi-Cu- AI 2Ni-1Cu 
3ACr-YeNi-Cu 2VoNi 
3ANi-V&Cu-Mo 3VoNi 


(3) Material Group C consists of the following /2-2Cr steels: 
VoCr-VeMo 
1Cr-YeMo 
1VACr-YeMo-Si 
TACr-VeMo 
2Cr-VMo 
(4) Material Group D consists of the following 2V4-3Cr steels: 
2V4Cr-1Mo 
3Cr-1Mo 
(5) Material Group E consists of the following 5—9Cr steels: 
5Cr-VoMo 
5Cr-V2Mo-Si 
5Cr-VeMo- Ti 


7Cr-VMo 
9Cr-Mo 

(6) Material Group F consists of the following chromium steels: 
12Cr-Al 
13Cr 
15Cr 
17Cr 

(7) Material Group G consists of the following austenitic steels: 
18Cr-8Ni 18Cr-10Ni-Cb 
18Cr-8Ni-N 18Cr-18Ni-2Si 
16Cr-12Ni 20Cr-6Ni-9Mn 
18Cr-13Ni-3Mo 22Cr-13Ni-5Mn 
16Cr-12Ni-2Mo-N 23Cr-12Ni 
18Cr-3Ni-13Mn 25Cr-20Ni 


18Cr-10Ni- Ti 
Source: Reproduced from 1995 ASME Section II, Part D, with permission from American Society 
of Mechanical Engineers, 345 East 47th St., New York, NY. 
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Computer technology and world standards for the conduct of engineering practice 
continue to evolve at a rapid pace. In this appendix, over 40 piping-related programs 
are listed, together with several that relate to machinery and equipment closely 
associated with piping. It is beyond the scope of this handbook to identify those 
programs that are compliant to the codes and standards mentioned in Chap. A4, 
or to ISO-9000, or other standards. It is customary for software users to ascertain 
the state of compliance to the relevant codes of the programs they use. This is done 
in contract negotiations with the software vendors. 

The trend today is toward more integrated systems of management, design, 
manufacturing, and construction. Some of the software listed in this appendix is 
suitable for use in some integrated systems, and some is incapable of such use at 
present. It is beyond the scope of this handbook to address integrated systems that 
include CAD/CAM modules such as FORAN, HICADEC, ISDP, NAPA, and 
TRIBON. Similarly, software that primarily supports management and nontechnical 
functions is mentioned only if it has some technical value for the piping designer. 

Changing codes, hardware, operating systems, computer languages, rapid evolu- 
tion of the Internet, and improvements in integrating systems necessitate continuing 
review of software capabilities. 

Programs for use in the piping and pressure-vessel areas are described in this 
appendix. The information was provided by courtesy of the software vendors. 

The programs listed in Tables E9.1 through E9.14 may undergo considerable 
changes in the future. The user is cautioned to check and verify applicability of the 
computer program and its version prior to using. 
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TABLE E9.1 Pipe Stress Analysis Programs 


Program title 


Applications/capabilities 


Contact 


weight, pressure, thermal, occasional, and dynamic 
loads. 


ADL Pipe Windows 95 GUI version of well-respected software Research Engineers 
program. Nuclear Class 1 Piping Analysis, extensive 714-974-2500 
piping code library and features. info@reiusa.com 

AutoPipe Windows 95 GUI version with graphical model Rebis 
building, including options cut, copy and paste, 510-933-2525 
multiple loadings, wave loads, and nonlinear pipe/ info@rebis.com. 
soil interaction. 2-way interface with PlantFLO, 

PULS, AutoPLANT Designer, PDS, and PASCE. 

CAESAR II Established Windows-based program for the design COADE, Inc. 
and analysis of above and below ground piping and 281-890-4566 
pipe and structure systems. Windows-based, with query@coade.com. 
CADWorx bidirectional link. 

PipePak Easy-to-use, quick static and dynamic analysis of Algor, Inc. 
complex piping networks. 412-967-2700 

info@algor.com. 

Simflex Nonnuclear piping applications for weight, pressure, Peng Engineering 
thermal, occasional, and dynamic loads. Established, 713-462-7390 
thorough program using keyword input for Icpeng@aol.com. 
simplified piping modeling. 

Triflex Piping stress, design, and analysis. Includes code AAA Technology & 
compliance reports for many international piping Specialties Co., Inc. 
codes. Linear and nonlinear modeling of pipe, 713-849-3366 
structure, equipment and soils. info@aaatech.com. 

CAEPipe Windows 95, NT/DOS version, performs static and SST Systems, Inc. 
dynamic analyses and checks for code compliance 408-452-8111 
(ASME, B31, British, Canadian, Swedish). (WRC, info@sstusa.com 
NEMA, API, etc.) Year 2K compliant. Versions 
available for nuclear applications. 

Pipestress Performs static & dynamic analysis of nuclear and SST Systems, Inc. 

(DOS/Unix) nonnuclear piping systems. Can be provided with 408-452-8111 
data translators. For advanced Nuclear Piping info@sstusa.com 
Stress Analysis (including, Nuclear QA, class 1/2/ 

3). 

NuPipe For nuclear as well as nonnuclear applications for Nuclear Services 
weight, pressure, thermal, occasional, and dynamic Corp. 
loads. Campbell, CA 

ME 101 For nuclear as well as nonnuclear applications for Bechtel Software, Inc. 
weight, pressure, thermal, occasional, and dynamic 50 Beale Street 
loads. San Francisco, CA 

94105-1595 
415-768-8947 
bsi@bechtel.com 

T Pipe For nuclear as well as nonnuclear applications for PMB Systems 
weight, pressure, thermal, occasional, and dynamic Engineering, Inc. 
loads. 500 Sansome Street 

San Francisco, CA 94111 
415-986-4166 
Super Pipe For nuclear as well as nonnuclear applications for EDS Nuclear, Inc. 


San Francisco, CA 
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TABLE E9.2 Computer-Aided Design and Drafting 
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application. 2D frames can be combined into 
3D models, and contains seven steel-section 
libraries. Links for stress analysis and for 
CAD imports to AutoPLANT. 


Program title Applications/capabilities Contact 

AutoPLANT | 3D CAD plant design and modeling Rebis 

97 software. Object-oriented technology with 510-933-2525 
external database links, spec-driven fitting-to- infoGrebis.com. 
fitting polyline routing and component 
placement. 

AutoSTAAD/ | Model generation, verification drafting, and Research Engineers 

Pro detailing within AutoCAD. 714-974-2500 

info@reiusa.com 

CADWorx/ AutoCAD-based, intuitive piping CAD COADE, Inc. 

Pipe package with bidirectional transfer link to 281-890-4566 
CAESAR II. Operates in 2d, 3d, ortho, iso, query@coade.com. 
or solid modes. Auto-routing, BOM's. 

Intergraph Market-leading interactive piping design, Intergraph Corporation 

Plant Design | specification, P&ID, clash-detection and 800-260-0245 

System 6.3 ISO-creation software. (1997-54.3% market Fjoop@ingr.com 

(PDS[tm]) share according to Daratech, Inc.) PDS Runs 
on Windows NT Operating System. 

MiniCAD General purpose 2D and 3D CAD program Diehl Graphsoft, Inc. 
that includes a complete library of piping 410-290-5114 
and process-design symbols. marketing? 

diehlgraphsoft.com 

Multi-Steel Structural steel-drafting and modeling Rebis 


510-933-2525 
info@rebis.com. 


PPP-Pro Complete piping and structural-design and CAD Technology 
Bundle drafting programs and symbol libraries for Corp. 

use with AutoCAD. 704-369-3979 
Solid Pipe AutoCAD-based 3D solid modeling of UHP Process Piping, 
Designer process piping systems designed specifically Inc. 

for sanitary, high purity, HVAC and general 972-247-8530 

piping systems used in the semiconductor, gary.greer@uhppp.com 

pharmaceutical, biotechnology, food, 

beverage, and dairy industries. 
Vessel Automatically generates fabrication/as-built Codeware 
Drafting drawings of pressure vessels and heat 281-497-5705 
Program exchangers. john@codeware.com 


Multi-Frame 


3D structural analysis and design software 
system. 


Formation Design 
Systems, Inc. 
408-440-0702 

info@formsys.com 


PlantSpace 


Object-oriented software. 3D CAD Software. 


Jacobus 
800-724-8741 
info@jacobus.com 
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TABLE E9.3 Heat-Exchanger Programs 


Program title Applications/capabilities Contact 
Iris* Interactive and graphical design & analysis of EDAC, Inc. 
Exchanger TEMA shell and tube heat exchangers. 281-437-1155 


iris@edacsoft.com 


B-Jac Hetran 


Thermal design of shell & tube heat 
exchangers, single phase, condensers, 
vaporizers, falling film evaporators, and 
thermosiphons supported. 


Aspen Tech 
804-897-4150 
info@aspentech.com 


B-Jac Teams 


Mechanical design of shell & tube heat 
exchangers. ASME, Codap, ADM Codes. 
Detailed cost estimating and drawings. 


Aspen Tech 
804-897-4150 
info@aspentech.com 


design & analysis with built-in fluid 
property & VLE. 


HTRI Eleven programs for the rating and Heat Transfer 

Programs simulating of air- and liquid-cooled Research, Inc. 
exchangers, condensers, reboilers & fire 409-260-6200 
heaters. Single- and two-phone applications htri@htri-net.com 
and tube-bundle vibrations. 

TRI*Therm Performs thermodynamic design and rerating AAA Technology & 
of shell and tube heat exchangers. Handles Specialties Co., Inc. 
2-phase fluids with integral VLE module. 713-849-3366 
Has built-in fluid property database. info@aaatech.com 

TRI*AC Performs forced air-cooled heat exchanger AAA Technology & 


Specialties. Co., Inc. 
713-849-3366 
info@aaatech.com 


Compress 6.0 


Windows 95 NT version for design, rating, 
cost analysis, drafting of ASME Section VIII 
pressure vessels and heat exchangers. 


Codeware 
281-497-5705 
john@codeware.com 
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Program title Applications/capabilities Contact 
AFT Impulse | Windows-based, transient fluid-flow analysis. Applied Flow 
1.0. Drag & drop model construction, cavitation, Technology 
and multipipe interaction. 719-686-1000 
info@aft.com. 
AFT Fathom | Windows-based, steady-state incompressible Applied Flow 
3.0 flow analysis. Drag & drop model Technology 
construction with integrated heat-transfer 719-686-1000 
analysis. info@aft.com 
BOS Fluids Steady-state and transient liquid and gas Paulin Research 
simulator for 3D piping geometries. Group 
Computes unbalanced forces due to valve 281-363-3790 
closure and acoustic frequencies. info@paulin.com. 
Pipe-Flo Windows-based. Unlimited size version of Engineered Software, 
Pipe-Flo Lite. Performs steady-state line Inc. 
sizing, pump selection, etc. Interacts with 800-786-8545 
orifice- and compressor-sizing programs. Sales@ 
eng-software.com 
PlantFLOW Steady-state piping flow analysis in 3D for Rebis 
gas or liquid systems; includes heat transfer, 510-933-2525 
gas equations of state, and graphical model infoGrebis.com. 
building. 
AFT Arrow Windows-based. Steady-state compressible Applied Flow 
fluid-flow analysis. Drag & drop model Technology 
construction. Models complex gas networks. 719-686-1000 
info@aft.com 
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TABLE E9.5 Pressure-Vessel Design Programs 


design and analysis of pressure-vessel and 
heat-exchanger components. 


Program title Applications/capabilities Contact 
Advanced ASME Section VIII Div. 1 pressure-vessel Computer 
Pressure calculations. Ability to perform nozzle- Engineering, Inc. 
Vessel loading calculations per WRC-107. 800-473-1976 
Sales 
computereng.com 

CodeCalc ASME Section VIII, Div. 1 vessel and heat- COADE, Inc. 
exchanger component analysis and design. 281-890-4566 
TEMA, WRC 107, and some piping Query@coade.com 
components. Windows-based. 

Compress 32 bit Windows, 3D graphic ASME Section Codeware 
VIII Div. 1 and TEMA designs for vertical 281-497-5705 
and horizontal pressure vessels. Produces jJohn@codeware.com. 
hypertext-linked output reports. 

Tris*Calc ASME Section VIII, Div. 1 Interactive EDAC, Inc. 


281-437-1155 
iris@edacsoft.com. 


Tris* Vessel 


ASME Section VIII, Div. 1 Interactive and 
graphical design of vertical and horizontal 
pressure vessels. 


EDAC, Inc. 
281-437-1155 
iris@edacsoft.com 


ability and is written in Visual Basic for 
Windows. 


PV Elite Designs and rates multicomponent vertical COADE, Inc. 
and horizontal vessels subject to a variety of 281-890-4566 
loadings. Designs per ASME Section VIII, query @coade.com. 
Div. 1 and 2, and BS 5500. Windows-based. 

Vessel Estimates material and labor for pressure- Codeware 

Coster vessel fabrication. Includes complete design 281-497-5705 


john@codeware.com 
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TABLE E9.6 Specialty Finite Element Analysis Program 


Program title 


Applications/capabilities 


Contact 


FE/Pipe 


Specialty brick, shell, beam, and axisymetric 
finite element program specializing in ASME 
Code output reports, automatic input, stress 
intensification, flexibility, and allowable load 
computation for nozzles and supports on 
pressure vessels and piping. 


TABLE E9.7 Structural Steel Evaluation Programs 


Paulin Research Group 
281-363-3790 
info@paulin.com. 


Program title Applications/capabilities Contact 

FrameWorks | Design steel structures in both 2D and 3D. Intergraph Corporation 

Plus Provides integration with 3rd-party analysis 800-260-0245 
tools, including GTSTRUDL and STAAD. fjoop@ingr.com 
Runs on Windows NT operating system. 

QSE Imported from Europe, provides analysis and Research Engineers 
design modules for frame structures. 714-974-2500 
Incorporates many European and American info@reiusa.com 
codes for both steel and concrete. 

STAAD-III Multimedia version allows audio-visual clips Research Engineers 
and walk-thrus, analysis, design, and 714-974-2500 
verification, taking full advantage of info@reiusa.com 
Windows functionality. Full AISC code 
checking. 

STAAD/Pro | Next level of STAAD-III. Model Research Engineers 
development, analysis, design, drafting, & 714-974-2500 
component design. info@reiusa.com 
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TABLE E9.8 Flow Analysis Tools Programs 


Program title 


Applications/capabilities 


Contact 


phase pressure drops, orifice sizing, RV 
sizing, tray hydraulics, and more. Windows- 
based, and automates many repetitive flow- 
related calculations. 


C-Max 32-bit Windows-based software for flow- Unicade, Inc. 
system analysis. Includes compressor, pump, 425-141-0353 
pipe, fan, blower, and energy-conservation unicade@unicade.com 
modules. Windows-based calculation includes 
evaluation of energy costs. 

Con-Flow Selects, evaluates, and analyzes control Engineered Software, 
valves using catalogs available on disk. Inc. 
Windows-based. 800-786-8545 

Sales@ 
eng-software.com 

Crane Windows version of Crane Technical Paper Crane Valve Group 

Companion 410. 630-226-4900 

www.cranevalve.com 

Ori-Flow Sizes and analyzes flat-plate orifices, nozzles- Engineered Software, 
and venturi tubes for fluid-metering Inc. 
applications. Windows-based. 800-786-8545 

sales@ 
eng-software.com 

PETS Process engineering tools—Single- and two- Stratus Engineering 


281-335-7138 
dfsstratus@aol.com 


Pipe-Flo Lite 


For small systems, up to 25 pipelines. Steady- 
state flow analysis and sizing of pumps and 
connected piping. Windows interface. 


Engineered Software, 
Inc. 
800-786-8545 
Sales@ 
eng-software.com 


tanks, and slug loads. Developed slug- 
velocity diagrams. 


Pipe-Flow- Provides balanced pressure and flow Engineered Software, 
Stock calculations for piping systems used in the Inc. 
pulp and paper industry. Uses TAPPI 800-786-8545 
method for pressure drop calculation. Sales@ 
Windows-based. eng-software.com 
Pump-Flow Selects, evaluates, and analyzes centrifugal Engineered Software, 
pumps using manufacturers’ pump catalogs Inc. 
available on disk. Over 40 manufacturers to 800-786-8545 
choose from. Windows-based. Sales@ 
eng-software.com 
BOS Fluids 2d CFD applications for horizontal vessels, Paulin Research Group 


281-363-3790 
info@paulin.com 
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TABLE E9.9 Tank Programs 
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tanks. Addresses wind girders, conical roofs, 
stainless-steel materials, allowed fluid heights, 
and remaining corrosion allowance. 


TABLE E9.10 Computational Fluid Dynamics Programs 


Program title 


Applications/capabilities 


Program title Applications/capabilities Contact 

E-Tank Designs API 650 & 620 tanks, UL 142 tanks, Techdata 
and rates per API 653. Comprehensive 281-497-5705 
reports are generated. www.techdat.com 

Tank Designs or rerates API 650/653 storage COADE, Inc. 


281-890-4566 
query@coade.com 


Contact 


tanks, and some slug applications. 


CFD-ACE+ Advanced computing environment for CFD Research Corp. 
modeling flow, turbulence, conjugate heat 205-726-4800 
transfer, and associated physics. Highly info@cfdrc.com 
automated parametric geometry and grid 
generation with high accuracy numerics. 

COMIG Detailed blade-geometry design for Northern Research & 
centrifugal impellers and rotors. Allows fluid- Engineering 
dynamic designer to produce highly efficient Corporation 
blade shapes. 781-935-9050 

sales@nrec.com 

Phoenix Simulates laminar, turbulent, thermal- and Phoenics 
chemically reactive flows. Includes particle North America 
tracking, multiphase flow, non-Newtonian 770-996-8656 
fluids, and user programmability. adamgreen@ 

sprynet.com. 

PREDIG Performance prediction of centrifugal Northern Research & 
compressors. Produces performance maps Engineering 
based on overall geometry and fluid Corporation 
characteristics. 781-935-9050 

sales@nrec.com 

VISIUN Computational Fluid Dynamics analysis tool Northern Research & 
for turbomachinery. Specialized, full 3D, Engineering 
Navier-Stokes analysis of internal flows, Corporation 
including two frame-of-reference analyses of 781-935-9050 
rotating-stationary interactions. sales@nrec.com 

BOS Fluids Simplified 2d models for horizontal vessels, Paulin Research Group 


281-363-3790 
info@paulin.com 
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TABLE E9.11 Thermal and Power System Process Programs 


Program title Applications/capabilities Contact 

QTPro’ General-purpose “handbook” for Thermoflow, Inc. 
thermodynamics and heat-transfer 978-579-7999 
calculations related to the power and info@thermoflow.com 


cogeneration industries. 


Thermoflex General-purpose modeling of thermal and Thermoflow, Inc. 
power-system processes for both the power 978-579-7999 
and cogeneration industries. info@thermoflow.com. 


TABLE E9.12 Maintenance Programs 


Program title Applications/capabilities Contact 

Avert Designed to manage maintenance, repair, Avert Systems 
inspection, and testing data for pressure 403-261-3931 
safety—relief valves. Includes Process Safety avert@telusplanet.net 
Management requirements of OSHA 
1910.119. 


TABLE E9.13 Welding Programs 


Program title Applications/capabilities Contact 

Welding Creates and maintains WPS, POR, and WPQ Computer 

Pro-Write in accordance with ASME Section IX. Engineering, Inc. 
Welder management included. Also includes 800-473-1976 
ASME Code checking. sales@ 


computereng.com. 


TABLE E9.14 Measurement Programs 


Program title Applications/capabilities Contact 
Conduit Integrates with Krautkramer Branson Pipe+ Conduit Limited Inc. 
Corrosion database, and has direct integration with a 713-447-8290 
Monitor number of KB instruments. Provides access conduit@iapc.net 


to many standard databases and is ANSI 
SOL-compliant. Windows design. 
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TABLE E10.B1 British Standards and Specifications for Pipe, Tube, and Fittings 


Numbers 


Title 


BSI BS 21 


1985 Amd 1 Pipe Threads for Tubes and Fittings 
Where Pressure-Tight Joints Are Made on the Threads 
(Metric Dimensions) AMD 6633; Dec. 21, 1990 


BSI BS 61 


1969 Amd 1 Threads for Light Gauge Copper Tubes 
and Fittings 


BSI BS 143 & 1256 


1986 Amd 2 Malleable Cast Iron and Cast Copper 

Alloy Threaded Pipe Fittings (AMD 6632) Dec. 21, 
1990 (Partially Replaced by BS EN 10242: 1995 but 
Remains Current) 


BSI BS 143 & 1256 


1986 Amd 3 Malleable Cast Iron and Cast Copper 
Alloy Threaded Pipe Fittings (AMD7692) April 15, 
1993 (Partially Replaced by BS EN 10242: 1995 but 
Remains Current) 


BSI BS 143 & 1256 


1986 Amd 4 Malleable Cast Iron and Cast Copper 
Alloy Threaded Pipe Fittings (AMD 8467) Sept. 15, 
1995 (E) (Partially Replaced by BS EN 10242: 1995 but 
Remains Current) 


BSI BS 806: ENO CASE 4 


1989 Design and Construction of Ferrous Piping 
Installations for and in Connection with Land Boilers 
Enquiry Cases: Enquiry Case 4: EFW Alloy Pipe for 
Wet Steam Application 


BSI BS 806: ENO CASE 6 


1991 Design and Construction of Ferrous Piping 
Installations for and in Connection with Land Boilers 
Enquiry Cases: Enquiry Case 6: Use of Buttwelding 
Pipe Fittings 


BSI BS 806: ENO CASE 7 


1991 Design and Construction of Ferrous Piping 
Installations for and in Connection with Land Boilers 
Enquiry Cases: Enquiry Case 7: Testing of Pipe Bends 


BSI BS 949: PART 3 


1993 Screwing Taps Part 3: Specification for Pipe 
Thread Taps (E) 


BSI BS 949: PART 3 


1993 Amd 1 Screwing Taps Part 3: Specification for 
Pipe Thread Taps AMD 7927; Sept. 15, 1993; (E) 


BSI BS 949: PART 3 


1982 Screwing Taps: Part 3: Specification for Taps for 
Pipe Threads (G Series, Rp Series and Rc Series) 


BSI BS 1042: SEC 1.2 


1989 Methods of Measurement of Fluid Flow in Closed 
Conduits: Pt 1: Pressure Differential Devices: Section 
1.2: Specification for Squared-Edged-Orifice Plates and 
Nozzles (with Drain Holes, in Pipe Below 50 mm 
Diameter, as Inlet and Outlet Devices) and other 
Orifice Plates 


BSI BS 1042: SEC 1.6 


1993 Measurement of Fluid Flow in Closed Conduits 
Part 1: Pressure Differential Devices Section 1.6: 
Method of Measurement of Pulsating Fluid Flow in a 
Pipe, by Means of Orifice Plates, Nozzles or Venturi 
Tubes (ISO TR 3313: 1992) (Q) 
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TABLE E10.B1 British Standards and Specifications for Pipe, Tube, and Fittings 
(Continued) 


Numbers Title 


BSI BS 1113: ENO CASE 5 | 1988 Design and Manufacture of Water-Tube Steam 

Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 5: British 
Standard Forging and Pipe Materials 


BSI BS 1127: PART 2 1990 Screwing Dies and Dienuts Part 2: Hand-and- 
Machine-Operated Circular Screwing Dies for Taper 
Pipe Threads; R Series 


BSI BS 1127: PART 3 1990 Screwing Dies and Dienuts Part 3: Hand-and- 
Machine-Operated Circular Screwing Dies for Parallel 
Pipe Threads; G Series 


BSI BS 1387 1987 Amd 1 Screwed and Socketed Steel Tubes and 
Tubulars and for Plain End Steel Tubes Suitable for 
Welding or for Screwing to BS 21 Pipe Threads (AMD 
5830) May 31, 1989 


BSI BS 1600 1991 Dimensions of Steel Pipe for Petroleum Industry 
(Q) 

BSI BS 1600 1991 Amd 1 Dimensions of Steel Pipe for the 
Petroleum Industry (AMD 7204) June 15, 1992 (Q) 


BSI BS 1640: PART 1 1962 Amd 3 Steel Butt-Welding Pipe Fittings for the 
Petroleum Industry Part 1: Wrought Carbon and 
Ferritic Alloy Steel Fittings 


BSI BS 1640: 1962 Amd 3 Steel Butt-Welding Pipe Fittings for the 
Petroleum Industry Part 2: Wrought and Cast 
Austenitic Chromium-Nickel Steel Fittings 

BSI BS 1640: 1968 Amd 1 Steel Butt-Welding Pipe Fittings for the 
Petroleum Industry Part 3: Wrought Carbon and 
Ferritic Alloy Steel Fittings 

BSI BS 1640: 1968 Steel Butt-Welding Pipe Fittings for the 
Petroleum Industry Part 4: Wrought and Cast 
Austentic Chromium-Nickel Steel Fittings 

BSI BS 1740: 1971 Amd 3 Wrought Steel Pipe Fittings (Screwed BSP 
Threads) Part 1: Metric Units (AMD 6240) May 31, 
1990 

BSI BS 1965: 1963 Amd 2 Butt-Welding Pipe Fittings for Pressure 
Purposes Part 1: Carbon Steel 

BSI BS 2051: (OBSOLESCENT) 1973 Amd 2 Tube and Pipe 
Fittings for Engineering Purposes Part 1: Copper and 
Copper Alloy Capillary and Compression Tube Fittings 
for Engineering Purposes 

BSI BS 2051: (OBSOLESCENT) 1984 Tube and Pipe Fittings for 
Engineering Purposes Part 2: Specification for Olive 
Type Copper Alloy Compression Tube Fittings 

BSI BS 2494 1990 Elastomeric Seals for Joints in Pipework and 
Pipelines 
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British Standards and Specifications for Pipe, Tube, and Fittings 


Title 


BSI BS 2779 


1986 Pipe Threads for Tubes and Fittings Where 
Pressure-Tight Joints are Not Made on the Threads 
(Metric Dimensions) 


BSI BS 2782: PT11: METH 
1103A&B 


1995 Plastic Piping and Ducting Systems-Injection- 
Moulded Thermoplastics Fittings—Test Method for 
Visually Assessing Effects of Heating (V) 


BSI BS 2782: PT11: METH 
1103V 


1995 Plastic Piping and Ducting Systems—Thermo- 
plastic Pipe and Fittings—Determination of Vicat 
Softening Temperature (VST) (See BS EN 727) (V) 


BSI BS 2782: PT11: METH 
1108T 


1997 Plastics Piping Systems—Polyethylene (PE) 
Tapping Tees—Test Method for Impact Resistance of 
an Assembled Tapping Tee Also Known as BS EN 
1716: 1997; (V) 


BSI BS 2782: PT11: METH 
1112L, M, N, Q 


1996 Plastic Piping Systems—Thermoplastics Piping 
Systems for Buried Non-Pressure Applications—Test 
Methods for Leaktightness of Elastomeric Sealing Ring 
Type Joints (V) 


BSI BS 2782:PT11: METH 
1114F 


1995 Plastics Piping and Ducting Systems—Injection- 
Moulded Thermoplastics Fittings for Pressure Piping 
Systems— Test Method for Maximum Deformation by 
Crushing (See BS EN 802) (V) 


BSI BS 2782: PT11: METH 
1123B 


1995 Plastics Piping Systems—Mechanical Joints 
Between Fittings and Polyolefin Pressure Pipes—Test 
Method for Leaktightness Under Internal Pressure of 
Assemblies Subjected to Bending (SEE BS EN 713) (V) 


BSI BS 2782: PT11: METH 
1123B 


1995 Amd 1 Plastics Piping Systems—Mechanical 
Joints Between Fittings and Polyolefin Pressure 
Pipes—Test Method for Leaktightness Under Internal 
Pressure of Assemblies Subjected to Bending (AMD 
8876) Oct. 15, 1995 (SEE BS EN 713) (V) 


BSI BS 2782: PT11: METH 
1123F 


1995 Thermoplastics Piping Systems—Non-End-Load- 
Bearing Elastomeric Sealing Ring Type Joints Between 
Pressure Pipes and Moulded Fittings—Test Method for 
Leaktightness Under Internal Hydrostatic Pressure 
without End Thrust (See BS EN 714) (V) 


BSI BS 2782: PT11: METH 
1123G 


1995 Thermoplastics Piping Systems—End-Load- 
Bearing Joints Between Small Diameter Pressure Pipes 
and Fittings—Test Method for Leaktightness Under 
Internal Water Pressure, Including End Thrust (See BS 
EN 715) (V) 


BSI BS 2782: PT11: METH 
1123J 


1995 Plastics Piping Systems—Injection-Moulded 
Thermoplastics Fittings for Elastic Sealing Ring Type 
Joints for Pressure Piping—Test Methods for 
Resistance to Short-Term Internal Pressure Without 
End Thrust (See BS EN 803) (V) 
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BSI BS 2782:PT11 1995 Plastics Piping Systems—Injection-Moulded 

1123K Socket Fittings for Solvent-Cemented Joints for 
Pressure Piping—Test Method for Resistance to a 
Short-Term Internal Hydrostatic Pressure (See BS EN 
804) (V) 


BSI BS 2782:PT11 1996 Plastic Piping Systems-Elastomeric Sealing Ring 

1123W Type Joints and Mechanical Joints for Thermoplastic 
Pressure Piping-Test Method for Leaktightness Under 
External Hydrostatic Pressure (V) 


BSI BS 2782:PT12 1997 Plastics Piping Systems—Glass-Reinforced 

1123A&B Thermosetting Plastics (GRP) Pipes and Fittings—Test 
Methods to Prove the Leaktightness of the Wall Under 
Short-Term Internal Pressure (V) 
BSI BS 2782:PT12 1996 Plastics Piping Systems—Joints for Glass 

1123C Reinforced Thermosetting Plastics (GRP) Pipes and 

Fittings—Test Methods for Leaktightness and 
Resistance to Damage of Flexible and Reduced- 
Articulation Joints (V) 
BSI BS 3506 1969 Amd 2 Unplasticized PVC Pipe for Industrial 
Purposes 


BSI BS 3799 1974 Amd 2 Steel Pipe Fittings, Screwed and Socket- 
Welding for the Petroleum Industry (AMD 5518) 


March 31, 1987 


BSI BS 3867 (OBSOLESCENT) 1987 Method of Specifying Outside 
Diameters and Pressure Ratings for Pipe of 
Thermoplastics Materials (Inch Series) Partially 
Superseded by BS ISO 11922-2: 1997, BS 2782: Part 11: 
Method 1121 C: and BS ISO 4065: 1996 


BSI BS 3908: PART 1 1965 Amd 1 Methods for Sampling and Analysis of 
Lead and Lead Alloys Part 1: Sampling of Ingot Lead, 
Lead Alloy Ingots, Sheet Pipe, and Cable Sheathing 
Alloys 

BSI BS 3958: PART 4 1982 Thermal Insulating Materials Part 4: Bonded 
Preformed Man-Made Fibre Pipe Sections 

BSI BS 4346: PART 1 1969 Amd 5 Joints and Fittings for Use With 
Unplasticized PVC Pressure Pipes Part 1: Injection 
Moulded Unplasticized PVC Fittings for Solvent 
Welding for Use with Pressure Pipes, Including Potable 
Water Supply 

BSI BS 4346: PART 2 1970 Amd 3 Joints and Fittings for Use with 
Unplasticized PVC Pressure Pipes Part 2: Mechanical 
Joints and Fittings Principally of Unplasticized PVC 
BSI BS 4346: PART 3 1982 Amd 1 Joints and Fittings for Use with 
Unplasticized PVC Pressure Pipes Part 3: Solvent 
Cements 


E.124 


APPENDIXES 


TABLE E10.B1 British Standards and Specifications for Pipe, Tube, and Fittings 


(Continued) 


Numbers 


Title 


BSI BS 4728 


(OBSOLESCENT) 1971 Determination of the 
Resistance to Constant Internal Pressure of 
Thermoplastics Pipe Replaced by BS EN 921: 1995 


BSI BS 4991 


1974 Amd 2 Propylene Copolymer Pressure Pipe 


BSI BS 5254 


1976 Amd 2 Polypropylene Waste Pipe and Fittings 
(External Diameter 34.6 mm, 41.0 mm and 54.1 mm) 
(AMD 4438) Dec. 30, 1983 


BSI BS 5255 


1989 Thermoplastics Waste Pipe and Fittings 


BSI BS 5391: PART 1 


1976 Acrylonitrile Butadiene-Styrene (ABS) Pressure 
Pipe Part 1: Pipe for Industrial Uses 


BSI BS 5392: PART 1 


1976 Acrylonitrile Butadiene-Styrene (ABS) Fittings 
for use With ABS Pressure Pipe Part 1: Fittings for 
Use with Pipe for Industrial Uses 


BSI BS 5422 


1990 Method for Specifying Thermal Insulating 
Materials on Pipes, Ductwork and Equipment (In 
Temperature Range 40 Degrees Celsius to +700 
Degrees Celcius) 


BSI BS 5480 


1990 Glass Reinforced Plastics (GRP) Pipes, Joints and 
Fittings for use for Water Supply or Sewerage 


BSI BS 5481 


1977 Amd 2 Unplasticized PVC Pipe and Fittings for 
Gravity Sewers 


BSI BS 5500: ENO CASE 
112 


1996 Enquiry Case: Case 112: Use of API 5L Pipe 
Material (O) 


BSI BS 5556 


(OBSOLESCENT) 1978 General Requirements for 
Dimensions and Pressure Ratings for Pipe of 
Thermoplastics Materials (Metric Series) Replaces BS 
4159: 1967; Partially superseded by BS ISO 11922-1: 
1997, BS 2782: Part 11: Method 1121B and BS ISO 4065 


BSI BS 5608 


1993 Preformed Rigid Polyurethane (PUR) and 
Polyisocyanurate (PIR) Foams for Thermal Insulation 
of Pipework and Equipment (E) 


BSI BS 5608 


1986 Preformed Rigid Polyurethane (PUR) and 
Polyisocyanurate (PIR) Foams for Thermal Insulation 
of Pipework and Equipment 


BSI BS 5627 


1984 Amd 1 Plastic Connectors for Use With 
Horizontal Outlet Vitreous China WC Plans 


BSI BS 5844 


1980 Measurement of Fluid Flow: Estimation of 
Uncertainty of a Flow rate Measurement 


BSI BS 5970 


1992 Thermal Insulation of Pipework and Equipment 
(in the Temperature Range —100 Degrees C to +870 
Degrees C) 


BSI BS 5970 


1981 Amd 1 Thermal Insulation of Pipework and 
Equipment (in the Temperature Range —100 Degrees 
C to +870 Degrees C) 
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BSI BS 6209 1982 Solvent Cement for Non-Pressure Thermoplastics 
Pipe Systems 


BSI BS 6281: PART 3 1982 Devices Without Moving Parts for the 
Prevention of Contamination of Water by Backflow 
Part 3: Pipe Interrupters of Nominal Size up to and 
Including DN 42 

BSI BS 6362 1990 Stainless Steel Tubes Suitable for Screwing in 
Accordance with BS 21 Pipe Threads for Tubes and 
Fittings Where Pressure-Tight Joints are Made on the 
Threads 

BSI BS 7605: PART 2 1992 Agricultural Irrigation Equipment Part 2: 
Specification for Emitting Pipe Systems (ISO 9261: 
1991) 

BSI BS 7677 1993 Classification of Imperfections in Pipe Joint Rings 
(ISO 9691: 1992) 

BSI BS 7838 1996 Corrugated Stainless Steel Semi-Rigid Pipe and 
Associated Fittings for Low Pressure Gas Pipework of 
up to 28 mm (R) 


BSI BS 7892 1997 Bitumen Seal Coatings on Cement Mortar Linings 
in Ductile Iron Pipes and Fittings (W) 


BSI BS 8010: PART 1 1989 Pipelines Part 1: Pipelines on Land: General 
(Replaces BS CP 2010: Part 1: 1966) 


BSI BS EN 253 1995 Preinsulated Bonded Pipe Systems for 
Underground Hot Water Networks—Pipe Assembly of 
Steel Service Pipes, Polyurethane Thermal Insulation 
and Outer Casing of Polyethylene (E) 


BSI BS EN 253 1991 Preinsulated Bonded Pipe Systems for 
Underground Hot Water Networks—Pipe Assembly of 
Steel Service Pipes, Polyurethane Thermal Insulation 
and Outer Casing of High Density Polyethylene 


BSI BS EN 448 1995 Preinsulated Bonded Pipe Systems for 
Underground Hot Water Networks—Fitting Assemblies 
of Steel Service Pipes, Polyurethane Thermal Insulation 
and Outer Casing of Polyethylene (E) 


BSI BS EN 476 1998 General Requirements for Components Used in 
Discharge Pipes, Drains and Sewers for Gravity 
Systems (R) 

BSI BS EN 489 1995 Preinsulated Bonded Pipe Systems for 
Underground Hot Water Networks—Joint Assembly 
for Steel Service Pipes, Polyurethane Thermal 
Insulation and Outer Casing of Polyethylene (E) 


BSI BS EN 681-1 1996 Elastomeric Seals—Material Requirements for 
Pipe Joint Seals Used in Water and Drainage 
Applications Part 1: Vulcanized Rubber (E) 
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BSI BS EN 911 1996 Plastic Piping Systems—Elastomeric Sealing Ring 
Type Joints and Mechanical Joints for Thermoplastics 
Pressure Piping— Test Method for Leaktightness 
Under External Hydrostatic Pressure (V) 


BSI BS EN 1277 1996 Plastic Piping Systems— Thermoplastics Piping 
Systems for Buried Non-Pressure Applications— Test 
Methods for Leaktightness of Elastomeric Sealing Ring 
Type Joints (V) 

BSI BS EN ISO 8497 1997 Thermal Insulation-Determination of Steady-State 
Thermal Transmission Properties of Thermal Insulation 
for Circular Pipes (R) 


BSI BS EN ISO 11961 1997 Petroleum and Natural Gas Industries— Steel 
Pipes for Use as Drill Pipe-Specification (Q) 


BSI BS 864: PART 2 1983 Amd 2 Capillary and Compression Tube Fittings 
of Copper and Copper Alloy Part 2: Capillary and 
Compression Fittings for Copper Tubes (AMD 5651) 
April 30, 1987 

BSI BS 864: PART 2 1983 Amd 3 Capillary and Compression Tube Fittings 
of Copper and Copper Alloy Part 2: Specification for 


Capillary and Compression Fittings for Copper Tubes 
(AMD 7067) Feb. 28, 1992 


BSI BS 864: PART 3 (OBSOLESCENT) 1975 Capillary and Compression 


Tube Fittings of Copper and Copper Alloy Part 3: 
Compression Fittings for Polyethylene Pipes 


BSI BS 864: PART 5 1990 Capillary and Compression Tube Fittings of Copper 
and Copper Alloy Part 5: Compression Fittings for 
Polyethylene Pipes with Outside Diameters to BS 5556 


BSI BS 1113 1992 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) (Q) 


BSI BS 1113 1992 Amd 1 Design and Manufacture of Water-Tube 
Steam Generating Plant (Including Superheaters, 
Reheaters and Steel Tube Economizers) (AMD 7167) 
June 15, 1992 (Q) 


BSI BS 1113 1992 Amd 2 Design and Manufacture of Water-Tube 
Steam Generating Plant (Including Superheaters, 
Reheaters and Steel Tube Economizers) (AMD 8178) 
June 15, 1994 (Q) 


BSI BS 1113 1989 Amd 4 Design and Manufacture of Water-Tube 
Steam Generating Plant (Including Superheaters, 
Reheaters and Steel Tube Economizers) (Q) (AMD 
6717) May 31, 1991 
BSI BS 1113: ENO CASE 1994 Design and Manufacture of Water-Tube Steam 
INTRO Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Cases- 
Introduction (O) 
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BSI BS 1113: ENO CASE 1 | 1986 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 1: Eddy 
Current Testing in Lieu of Hydraulic Testing 


BSI BS 1113: ENO CASE 2 | 1990 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 2: Use of 
ASTM A105, A106, A182, A234, A335, and A312 
Materials (Q) 


BSI BS 1113: ENO CASE 3 | 1987 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 3: Local 
Loads 


BSI BS 1113: ENO CASE 4 | 1989 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 4: Methods 
for Manual Examination of Fusion Welds in Ferritic 
Steels 

BSI BS 1113: ENO CASE 6 | 1990 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 


and Steel Tube Economizers) Enquiry Case 6: Use of 
BS 3604 591 Material 


BSI BS 1113: ENQ CASE 7 | 1992 Design and Manufacture of Water-Tube Steam 


Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 7: Use of 
Butt Welds in Tubes for Manufacture of Coils for Coil 
Type Boilers/Superheaters (Q) 


BSI BS 1113: ENO CASE 8 | 1992 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 8: 
Ultrasonic Acceptance Criteria (Q) 


BSI BS 1113: ENQ CASE 9 | 1993 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 9: Welding 
Procedure Specification, Welding Procedure Approval 
and Welder Approval (Q) 


BSI BS 1113: ENO CASE 10 | 1995 Design and Manufacture of Water-Tube Steam 
Generating Plant (Including Superheaters, Reheaters 
and Steel Tube Economizers) Enquiry Case 10: Use of 
Steel 91 (Q) 


BSI BS 1113: E/C 10: 1996 Design and Manufacture of Water-Tube Steam 
ISSUE 2 Generating Plant (Including Superheaters, Reheaters 

and Steel Tube Economizers) Enquiry Case 10: Use of 

Steel 91 Tubing and Piping (Q) 

BSI BS 1113: ENO CASE 12 | 1996 Design and Manufacture of Water-Tube Steam 

Generating Plant (Including Superheaters, Reheaters 


and Steel Tube Economizers) Enquiry Case 12: Use of 
Steel 91 Forgings (Q) 
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BSI BS 1471 


1972 Amd 2 Wrought Aluminium and Aluminium 
Alloys for General Engineering Purposes; Drawn Tube 


BSI BS 1471 


1972 Amd 3 Wrought Aluminium and Aluminium 
Alloys for General Engineering Purposes Drawn Tube 
(AMD 8424) Feb. 15, 1995 (V) 


BSI BS 3074 


1989 Nickel and Nickel Alloys: Seamless Tube 


BSI BS 4300/1 


1967 Amd 1 Specification (Supplementary Series) for 
Wrought Aluminium and Aluminium Alloys 
Longitudinally Welded Tube Metric Units (AMD 3381) 
June 30, 1980 


BSI BS 4300/10 


1969 Amd 1 Specification (Supplementary Series) for 
Wrought Aluminium and Aluminium Alloys for 
General Engineering Purposes/10: 5454 Drawn Tube 


BSI BS 4300/12 


1969 Amd 1 Specification (Supplementary Series) for 
Wrought Aluminium and Aluminium Alloys for 
General Engineering Purposes/12 5454 Bar, Extruded 
Round Tube and Sections 


BSI BS 4300/15 


1973 Amd 1 Specification (Supplementary Series) for 
Wrought Aluminium and Aluminium Alloys for 
General Engineering Purposes/15: 7020 Bar, Extruded 
Round Tube and Sections 


BSI BS 4870: PART 3 


1985 Amd 1 Approved Testing of Welding Procedures 
Part 3: Arc Welding of Tube to Tube-Plate Joints in 
Metallic Materials (AMD 6292) Feb. 28, 1990 


BSI BS 4871: PART 3 


1985 Approval Testing of Welders Working to 
Approved Welding Procedures Part 3: Arc Welding of 
Tube to Tube-Plate Joints in Metallic Materials 


BSI BS 2070: PART 4 


1991 Aluminium and Aluminium Alloy Wrought 
Products Technical Specification Part 4: Tube for 
Structures 


BSI BS 2070: PART 5 


1991 Aluminium and Aluminium Alloy Wrought 
Products Technical Specification Part 5: Tube Used 
Under Pressure 


BSI BS EN 10232 


1994 Metallic Materials— Tube (In Full Section)— 
Bend Test (V) 


BSI BS EN 10233 


1994 Metallic Materials— Tube-Flattening Test (V) 


BSI BS EN 10234 


1994 Metallic Materials— Tube-Drift Expanding Test 
(V) 


BSI BS EN 10235 


1994 Metallic Materials— Tube-Flanging Test 


BSI BS 10236 


1994 Metallic Materials— Tube-Ring Expanding Test 
(V) 


BSI BS 10237 


1994 Metallic Materials— Tube-Ring Tensile Test (V) 


BSI BS EN ISO 9455-12 


1994 Soft Soldering Fluxes— Test Methods Part 12: 
Steel Tube Corrosion Test (F) 


INTERNATIONAL STANDARDS AND SPECIFICATIONS E.129 


TABLE E10.B1 British Standards and Specifications for Pipe, Tube, and Fittings 
(Continued) 


Numbers Title 


BSI BS EN ISO 12185 1996 Methods of Test for Petroleum and Its Products 
Part 365: Crude Petroleum and Petroleum Products— 
Determination of Density—Oscillating U-Tube Method 
(ISO 12185: 1996) (W) 

BSI BS ISO 8434-1 Metallic Tube Connections for Fluid Power and 
General Use-Part 1: 24 Degrees Compression 
Fittings (E) 

BSI BS ISO 8434-2 1994 Metallic Tube Connections for Fluid Power and 
General Use-Part 2: 37 Degrees Flared Fitting (E) 
BSI BS ISO 8434-3 1995 Metallic Tube Connections for Fluid Power and 
General Use-Part 3: O-Ring Face Seal Fittings (E) 
BSI BS ISO 8434-4 1995 Metallic Tube Connections for Fluid Power and 
General Use- Part 4: 24 Degree Cone Connector with 
O-Ring Weld-On Nipples (E) 

BSI B 27 1991 Copper-Zinc-Aluminium-Nickel-Silicon Alloy 
Tube 

BSI 4L 54 1986 Amd 1 Tube of 99% Aluminium (Cold Drawn: 
Seamless: Tested Hydraulically) (Not exceeding 12 mm 
Wall Thickness) (AMD 5994) Aug. 31, 1988 (Replaces 
BS 3L 54: 1971) 


BSI 4L 56 1986 Amd 1 Tube of Aluminium-2!476 Magnesium 


Alloy (Temper Designation—0) (Seamless: Tested 
Hydraulically) (Not Exceeding 12 mm Wall 
Thickness) (AMD 5993) Aug. 31, 1988 (Replaces BS 
3L 56: 1971) 


BSI 3L 63 1971 Tube of Aluminium-Copper-Magnesium-Silicon- 
Manganese Alloy (Solution Treated and Precipitation 
Treated) (Cu 4.4, Mg 0.5, Si 0.7, Mn 0.8) 


BSI L 105 1971 Tube of Aluminium-Copper-Magnesium-Silicon- 
Manganese Alloy (Solution Treated and Aged at 
Room Temperature) (Not Exceeding 10 mm Wall 
Thickness) (Cu 4.4, Mg 0.5, Si 0.7, Mn 0.8) (Replaces 
BS 2L 62: 1961) 


BSI L 114 1971 Tube of Aluminium-Magnesium-Silicon- 
Manganese Alloy (Solution Treated and Precipitation 
Treated) 


BSI 2L 116 (OBSOLESCENT) 1985 Tube of 99% Aluminium 
(Cold Drawn: Seamless: Not Tested Hydraulically) 
(Not Exceeding 12 mm Wall Thickness) Replaces BS L 
116: 1973) 


BSI L 117 1975 Amd 1 Tube of Aluminium-Magnesium-Silicon- 
Copper-Chromium Alloy (Solution Treated and 
Artifically Aged: Not Tested Hydraulically) (Not 
Exceeding 10 mm Thickness) (Mg 1.0, Si 0.6, Cu 0.28, 
Cr 0.2) 
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BSIL 118 


1975 Amd 2 Tube of Aluminium-Magnesium-Silicon- 
Copper-Chromium Alloy (Solution Treated and 
Artificially Aged: Tested Hydraulically) (Not Exceeding 
10 mm Thickness) (Mg 1.0, Si 0.6, Cu 0.28, Cr 0.2) 


BSI 2L 503 


(OBSOLESCENT) 1973 Tube of Magnesium-6 Per 
Cent Aluminium-Zinc Alloy 


BSI 2L 509 


(OBSOLESCENT) 1973 Tube of Magnesium- 11496 
Zinc-Zirconium Alloy (Suitable for Welding by Inert- 
Gas Shielded Arc Techniques) (Zn 1.25, Zr 0.6) (S) 


BSI 5T 2 


(OBSOLESCENT) 1972 4/1 Nickel-Chromium Steel 
Tube (1300 N/Square mm) Replaces BS 4T 2: 1948 


BSI 4T 45 


(OBSOLESCENT) 1972 Carbon-Manganese Steel 
Tube (700 N/Square mm) (Tube 12.5 mm Outside 
Diameter and Greater) (Weldable) (Replaces BS 3T 
45: 1948) 


BSI 3T 53 


1980 Chromium-Molybdenum Steel Tube (700 Mpa) 
(Tube 12.5 mm Outside Diameter and Greater) 
(Weldable) (Replaces BS 2T 53: 1972) 


BSI 2T 57 


(OBSOLESCENT) 1972 4/1 Nickel-Chromium Steel 
Tube (1150 N/Square MM) (Replaces BS T 57: 
1948) 


BSI 3T 60 


1980 Chromium-Molybdenum Steel Tube (1150 MPa) 
(Maximum Wall Thickness 8 mm) (Replaces BS 2T 60: 
1972) 


BSI T 64 


(OBSOLESCENT) 1972 Carbon-Manganese Steel 
Tube (550 N/Square mm) (Tube Less than 12.5 mm 
Outside Diameter) (Weldable) (Replaces BS 3T 35: 
1948) 


BSI 2T 66 


1980 18/10 Chromium-Nickel Corrosion-Resisting Steel 
Tube (Niobium Stabilized: 550 MPa) (Weldable) 


BSI 2T 66 


1980 Amd 1 18/10 Chromium-Nickel Corrosion- 
Resisting Steel Tube (Niobium Stabilized: 550 Mpa) 
(Weldable) (AMD 6853) Nov. 29, 1991 (Replaces BS T 
66: 1972) 


BSI T 67 


(OBSOLESCENT) 1972 18/10 Chromium-Nickel 
Corrosion-Resisting Steel Tube (Titanium mm) 
(Weldable) (Replaces BS T 55: 1948) 


BSI 2T 68 


1980 Cold Drawn 18/10 Chromium-Nickel Corrosion- 
Resisting Steel Tube (Niobium Stabilized: 800 
N/Square mm) (Weldable) (Replaces BS T 68: 1972) 


BSI T 69 


(OBSOLESCENT) 1972 Cold Drawn 18/10 
Chromium-Nickel Corrosion-Resisting Steel Tube 
(Titanium Stabilized: 800 N/Square MM) (Weldable) 
(Replaces BS T 58: 1948) 
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BSI T 72-73 


1977 18/10 Chromium-Nickel Corrosion Resisting Steel 
Tube for Hydraulic Purposes (Niobium/Titanium 
Stabilized: 550 MPa) 


BSI T 72-73 


1977 Amd 1 18/10 Chromium-Nickel Corrosion 
Resisting Steel Tube for Hydraulic Purposes (Niobium/ 
Titanium Stabilized: 550 MPa) (AMD 6852) Dec. 24, 
1991 


BSI T 74 


(OBSOLESCENT) 1972 Low Carbon 18/10 
Chromium-Nickel Corrosion-Resisting Steel Tube (500 
N/Square mm) 


BSI T 75 


(OBSOLESCENT) 1972 Low Carbon 17/12 
Chromium-Nickel-Molybdenum Corrosion-Resisting 
Steel Tube (500 N/Square MM) 


BSI T 76 


1978 Amd 1 Chromium-Molybdenum Steel Tube (770 
MPa) (Weldable) 


BSI T 77 


1980 Chromium-Molybdenum Steel Tube (900 MPa) 
(Weldable) Replaces BS T 65: 1972) 


BSI BS 65 


1991 Vitrified Clay Pipes, Fittings and Ducts, Also 
Flexible Mechanical Joints for Use Solely with Surface 
Water Pipes and Fittings 


BSI BS 65 


1991 Amd 1 Vitrified Clay Pipes, Fittings and Ducts, 
Also Flexible Mechanical Joints for Use Solely with 
Surface Water Pipes and Fittings (AMD 8622) May 15, 
1995 (R) 


BSI BS 78: PART 2 


(OBSOLESCENT) 1965 Amd 1 Cast Iron Spigot and 
Socket Pipes (Vertically Cast) and Spigot and Socket 
Fittings Part 2: Fittings (Partially Superseded by BS 
4772) 


BSI BS 416: PART 1 


1990 Discharge and Ventilating Pipes and Fittings, 
Sand-Cast or Spun in Cast Iron Part 1: Specification for 
Spigot and Socket Systems 


BSI BS 416: PART 2 


1990 Discharge and Ventilating Pipes and Fittings, 
Sand-Cast or Spun in Cast Iron Part 2: Specification for 
Socketless Systems 


BSI BS 437 


1978 Amd 1 Cast Iron Spigot and Socket Drain Pipes 
and Fittings (Replaces BS 1130: 1943) 


BSI BS 567 


1973 Amd 1 Asbestos-Cement Flue Pipes and Fittings, 
Light Quality (AMD 5963) April 28, 1989 


BSI BS 835 


1973 Amd 1 Asbestos-Cement Flue Pipes and Fittings, 
Heavy Quality 


BSI BS 2598: PART 3 


1980 Glass Plant, Pipeline and Fittings Part 3: Pipeline 
and Fittings of Nominal Bore 15 to 150 mm: 
Compatibility and Interchangeability 


BSI BS 2598: PART 4 


1980 Glass Plant, Pipeline and Fittings Part 4: Glass 
Plant Components 
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BSI BS 2760 


1973 Amd 1 Pitch-Impregnated Fibre Pipes and 
Fittings for Below and Above Ground Drainage 
(AMD 2675) June 30, 1978 (R) 


BSI BS 2782: PT 11: METH 


1103D 


1997 Plastics Piping and Ducting Systems—Polyolefin 
Pipes and Fittings—Determination of Oxidation 
Induction Time Also Numbered as BS EN 728: 
1997; (V) 


BSI BS 2782: PT 11: 
1104A 


1994 Plastics Piping Systems— Plastic Pipes and 
Fittings—Determination of Opacity (V) 


BSI BS 2782: PT 11: 
1107A 


1996 Plastics Piping and Ducting Systems— Plastic 
Pipes and Fittings—Method of Exposure to Direct 
(Natural) Weathering (V) 


BSI BS 2782: PT 11: 
1121A 


1996 Thermoplastics Materials for Pipes and Fittings 
for Pressure Applications— Classification and 
Designation— Overall Service (Design) Coefficient (See 
BS EN ISO 12162) (V) 


BSI BS 2782: PT 11: 
1123H 


1995 Thermoplastics Piping Systems—End-Load 
Bearing Mechanical Joints Between Pressure Pipes 
and Fittings— Test Method for Resistance to Pull 
Out Under Constant Longitudinal Force (See BS EN 
712) (V) 


BSI BS 2782: PT 11: 
1140A 


1995 Plastics Piping and Ducting Systems— Pipes and 
Fittings of Unplasticized Poly(Vinyl Chloride) 

(PVC U)— Specimen Preparation for Determination of 
the Viscosity Number and Calculation of the K-Value 
(See BS EN 922) (V) 


BSI BS 2782: PT 12: 
1209A&B 


1996 Plastics Piping Systems—Glass-Reinforced 
Thermosetting Plastics (GRP) Pipes and 
Fittings—Determination of the Resistance to Chemical 
Attack from the Inside of a Section in a Deflated 
Condition (V) 


BSI BS 2782: PT 12: 
1220A to C 


1995 Plastics Piping Systems—Glass-Reinforced 
Thermosetting Plastics (GRP) Pipes and 
Fittings—Methods of Regression Analyses and Their 
Use (E) Supplement 1: Guide to Functional 
Performance Values; IEC 977: 1989 


BSI BS 4514 


1983 Amd 1 Unplasticized PVC Soil and Ventilating 
Pipes, Fittings and Accessories 


BSI BS 4622 


(OBSOLESCENT) 1970 Amd 3 Grey Iron Pipes and 
Fittings (Replaces BS 78: Part 1 1961) 


BSI BS 4625 


1970 Amd 2 Prestressed Concrete Pressure Pipes 
(Including Fittings) 


BSI BS 4660 


1989 Unplasticized Polyvinyl Chloride (PVC-V) Pipes 
and Plastics Fittings of Nominal Sizes 110 to 160 for 
Below Ground Gravity Drainage and Sewerage 
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BSI BS 4660 1989 Amd 1 Unplasticized Polyvinyl Chloride (PVC-V) 
Pipes and Plastic Fittings of Nominal Sizes 110 to 160 
for Below Ground Gravity Drainage and Sewerage 
AMD 9132 July 15, 1996 (R) 

BSI BS 4825: 1991 Stainless Steel Tubes and Fittings for the Food 
Industry and Other Hygienic Application Part 1: 
Specification for Tubes (Q) 

BSI BS 4825: 1972 Amd 1 Stainless Steel Pipes and Fittings for the 
Food Industry Part 1: Pipes 

BSI BS 4825: 1991 Stainless Steel Tubes and Fittings for the Food 
Industry and Other Hygienic Application Part 2: 
Specification for Bends and Tees (Q) 

BSI BS 4825: 1973 Stainless Steel Pipes and Fittings for the Food 
Industry Part 2: Bends and Tees 

BSI BS 4825: 1991 Stainless Steel Tubes and Fittings for the Food 
Industry and Other Hygienic Application Part 3: 
Specification for Clamp Type Couplings (Q) 

BSI BS 4825: 1976 Stainless Steel Pipes and Fittings for the Food 
Industry Part 3: Clamp Type Couplings 

BSI BS 4825: 1991 Stainless Steel Tubes and Fittings for the Food 
Industry and Other Hygienic Application Part 4: 


Specification for Threaded (IDF Type) Couplings (Q) 


BSI BS 4825: 1977 Stainless Steel Pipes and Fittings for Food 
Industry Part 4: Screwed Type Couplings 


BSI BS 4825: 1991 Stainless Steel Tubes and Fittings for the Food 
Industry and Other Hygienic Application Part 5: 
Specification for Recessed Ring Joint Type Couplings 
(Replaces BS 1864: 1966) 


BSI BS 4962 1989 Plastic Pipe and Fittings for Use as Subsoil Field 
Drains 


BSI BS 4962 1989 Amd 1 Plastic Pipes and Fittings for Use as 
Subsoil Field Drains (AMD 9131) July 15, 
1996 (R) 


BSI BS 5114 1975 Amd 2 Performance Requirements for Joints and 
Fittings for Use With Polyethylene Pipes (AMD 5336) 
July 31, 1987 


BSI BS 5911: PART 2 1982 Amd 1 Precast Concrete Pipes and Fittings for 
Drainage and Sewerage Part 2: Inspection Chambers 
and Street Gullies 


BSI BS 5911: PART 100 1988 Amd 1 Precast Concrete Pipes and Fittings for 
Drainage and Sewerage Part 100: Unreinforced and 
Reinforced Pipes and Fittings with Flexible Joints 
(AMD 6269) Dec. 22, 1989 (Supersedes BS 5911: Part 
1 1981) 
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BSI BS 5911: PART 100 1988 Amd 2 Precast Concrete Pipes, Fittings and 
Ancillary Products Part 100: Specification for 
Unreinforced and Reinforced Pipes and Fittings with 
Flexible Joints (AMD 7588) April 15, 1993 (R) 


BSI BS 5911: PART 101 1988 Precast Concrete Pipes and Fittings for Drainage 
and Sewerage Part 101: Glass Composite Concrete 
(GCC) Pipes and Fittings with Flexible Joints 
(Replaces DD 76: Part 1: 1981) 

BSI BS 5911: PART 103 1994 Precast Concrete Pipes and Ancillary Concrete 
Products Part 103: Specification for Prestressed Non- 


Pressure Pipes and Fittings with Flexible Joints 
(Replaces BS 5178: 1975) (R) 


BSI BS 5911: PART 110 1992 Precast Concrete Pipes, Fittings and Ancillary 
Products Part 110: Specification for Ogee Pipes and 
Fittings (Including Perforated) 


BSI BS 5911: PART 110 1992 Amd 1 Precast Concrete Pipes, and Ancillary 
Concrete Products Part 110: Specification for Ogee 
Pipes and Fittings (Including Perforated) (AMD 8155) 
March 15, 1994 (R) 


BSI BS 5911: PART 114 1992 Precast Concrete Pipes, Fittings and Ancillary 
Products Part 114: Specification for Porous Pipes 
(Supersedes BS 1194: 1969) 


BSI BS 5911: PART 120 1989 Precast Concrete Pipes and Fittings for Drainage 
and Sewerage Part 120: Reinforced Jacking Pipes with 
Flexible Joints 


BSI BS 5911: PART 120 1989 Amd 1 Precast Concrete Pipes, Fittings and 
Ancillary Products Part 120: Specification for 
Reinforced Jacking Pipes with Flexible Joints (AMD 
9020) March 15, 1996 (R) 


BSI BS 5911: PART 200 1989 Precast Concrete Pipes and Fittings for Drainage 
and Sewerage Part 200: Unreinforced and Reinforced 
Manholes and Soakaways of Circular Cross Section 


BSI BS 5955: Part 8 1990 Code of Practice for Plastics Pipework 
(Thermoplastics Materials) Part 8: Installation of 
Thermoplastics Pipes and Associated Fittings for Use 
in Domestic Hot and Cold Water Services and Heating 
Systems 

BSI BS 6076 1996 Polymeric Film for Use as a Protective Sleeving 
for Buried Iron Pipes and Fittings (For Site and 
Factory Application) (E) 

BSI BS 6076 1981 Tubular Polyethylene Film for use as Protective 
Sleeving for Buried Iron Pipes and Fittings 

BSI BS 6087 1990 Amd 1 Flexible Joints for Grey or Ductile Cast 
Iron Drain Pipes and Fittings (BS 437) and for 
Discharge and Ventilating Pipes and Fittings (BS 416) 
(AMD 6357) June 28, 1991 (R) 
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BSI BS 6464 1984 Amd 1 Reinforced Plastics Pipes, Fittings and 
Joints for Process Plants 


BSI BS 7291: PART 1 1990 Thermoplastics Pipes and Associated Fittings for 
Hot and Cold Water for Domestic Purposes and Heating 
Installations in Buildings Part 1: General Requirements 


BSI BS 7291: PART 2 1990 Thermoplastics Pipes and Associated Fittings for 
Hot and Cold Water for Domestic Purposes and 
Heating Installations in Buildings Part 2: Polybutylene 
(PB) Pipes and Associated Fittings 


BSI BS 7291: PART 2 1990 Amd 1 Thermoplastics Pipes and Associated 
Fittings for Hot and Cold Water for Domestic 
Purposes and Heating Installations in Buildings Part 2: 
Specification for Polybutylene (PB) Pipes and 
Associated Fittings AMD 9443; April 15, 1997; (R) 


BSI BS 7291: PART 3 1990 Thermoplastics Pipes and Associated Fittings for 
Hot and Cold Water for Domestic Purposes and 
Heating Installations in Buildings Part 3: Crosslinked 
Polyethylene (PE-X) Pipes and Associated Fittings 
(Read in Conjunction with BS 7291: Part 1) 


BSI BS 7291: PART 4 1990 Amd 1 Thermoplastics Pipes and Associated 
Fittings for Hot and Cold Water for Domestic 
Purposes and Heating Installations in Buildings Part 4: 


Specification for Chlorinated Polyvinyl Chloride 
(PVC-C) Pipes and Associated Fittings and Solvent 
Cement (AMD 6399) July 31, 1991 


BSI BS 7336 1990 Polyethylene Fusion Fittings with Integral Heating 
Elements for Use With Polyethylene Pipes for the 
Conveyance of Gaseous Fuels 

BSI BS 7431 1991 Assessing Solar Water Heaters-Elastomeric 
Materials for Absorbers, Connecting Pipes and Fittings 
(ISO 9808: 1990) 

BSI BS 7435 PART 1 1991 Fibre Cement Flue Pipes, Fittings and Terminals 
Part 1: Specification for Light Quality Fibre Cement 
Flue Pipes, Fittings and Terminals 

BSI BS 7435 PART 2 1991 Fibre Cement Flue Pipes, Fittings and Terminals 
Part 2: Specification for Heavy Quality Fibre Cement 
Flue Pipes, Fittings and Terminals 

BSI BS EN 295: PART 1 1991 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers Part 1: Requirements (Replaces 
BS 65: 1988) 

BSI BS EN 295: PART 1 1991 Amd 1 Vitrified Clay Pipes and Fittings and Pipe 
Joints for Drains and Sewers Part 1: Requirements 
AMD 9290; Dec. 15, 1996 (R) 

BSI BS EN 295-1 1991 Amd 2 Vitrified Clay Pipes and Fittings and Pipe 
Joints for Drains and Sewers Part 1: Requirements 
AMD 9429; May 1997; (R) 
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BSI BS EN 295: PART 2 


1991 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers: Part 2: Quality Control and 
Sampling (Replaces BS 65: 1988) 


BSI BS EN 295: PART 3 


1991 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers: Part 3: Test Methods (Replaces 
BS 65: 1988) 


BSI BS EN 295-4 


1995 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers: Part 4: Requirements for 
Special Fittings, Adaptors and Compatible 
Accessories (R) 


BSI BS EN 295: PART 5 


1994 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers: Part 5: Requirements for 
Perforated Vitrified Clay Pipes and Fittings (R) 


BSI BS EN 295-6 


1996 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers: Part 6: Requirements for 
Vitrified Clay Manholes (R) 


BSI BS EN 295-7 


1996 Vitrified Clay Pipes and Fittings and Pipe Joints 
for Drains and Sewers: Part 7: Requirements for 
Vitrified Clay Pipes and Joints for Pipe Jacking (R) 


BSI BS EN 476 


1998 General Requirements for Components Used in 
Discharge Pipes, Drains and Sewers for Gravity 
Systems (R) 


BSI BS EN 545 


1995 Ductile Iron Pipes, Fittings, Accessories and 
Their Joints for Water Pipelines—Requirements 
and Test Methods (Partially Replaces BS 4772: 
1988) (E) 


BSI BS EN 588-1 


1997 Fibre-Cement Pipes for Sewer and Drains Part 1: 
Pipes, Joints and Fittings for Gravity Systems 
Supersedes BS 3656: 1990; (P) 


BSI BS EN 598 


1995 Ductile Iron Pipes, Fittings, Accessories and Their 
Joints for Sewerage Applications—Requirements and 
Test Methods (Replaces BS 4772: 1988) (E) 


BSI BS EN 639 


1995 Common Requirements for Concrete Pressure 
Pipes Including Joints and Fittings (Read in 
Conjunction With BS 4625) (E) 


BSI BS EN 640 


1995 Reinforced Concrete Pressure Pipes and 
Distributed Reinforced Concrete Pressure Pipes (Non- 
Cylinder Type), Including Joints and Fittings (E) 


BSI BS EN 641 


1995 Reinforced Concrete Pressure Pipes, Cylinder 
Type, Including Joints and Fittings (Read in 
Conjunction with BS 639 (E) 


BSI BS EN 642 


1995 Prestressed Concrete Pressure Pipes, Cylinder and 
Non-Cylinder, Including Joints, Fittings and Specific 
Requirements for Prestressing Steel for Pipes (Read in 
Conjunction with BS 4625: 1970) (R) 
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BSI BS EN 723 1996 Copper and Copper Alloys— Combustion Method 
for Determination of Carbon on the Inner Surface of 
Copper Tubes or Fittings (V) 


BSI BS EN 922 1995 Plastics Piping and Ducting Systems— Pipes and 
Fittings of Unplasticized Poly (Vinyl Chloride) (PVC- 
U)— Specimen Preparation for Determination of the 

Viscosity Number and Calculation of the K-Value (V) 


BSI BS EN 969 1996 Ductile Iron Pipes, Fittings, Accessories and Their 
Joints for Gas Pipelines— Requirements and Test 
Methods (Replaces BS 4772: 1988) (E) 


BSI BS EN 1056 1996 Plastic Piping and Ducting Systems— Plastic Pipes 
and Fittings—Method for Exposure to Direct (Natural) 
Weathering (V) 


BSI BS EN 1119 1996 Plastics Piping Systems—Joints for Glass- 
Reinforced Thermosetting Plastics (GRP) Pipes and 
Fittings— Test Methods for Leaktightness and 
Resistance to Damage of Flexible and Reduced- 
Articulation Joints (V) 


BSI BS EN 1120 1996 Plastics Piping Systems— Glass-Reinforced 
Thermosetting Plastics (GRP) Pipes and Fittings— 
Determination of the Resistance to Chemical 
Attack from the Inside of a Section in a Deflected 


Condition (V) 


BSI BS EN 1229 1997 Plastics Piping Systems—Glass-Reinforced 
Thermosetting Plastics (GRP) Pipes and Fittings—Test 
Methods to Prove the Leaktightness of the Wall Under 
Short-Term Internal Pressure (V) 


BSI BS EN 10242 1995 Threaded Pipe Fittings in Malleable Cast Iron 
(Partially Replaces BS 143 & 1256: 1986) (E) 
BSI BS ISO 10931-3 1996 Plastic Piping Systems for Industrial 


Applications—Poly (Vinylidene Fluoride) Part 3: 
Fittings (V) 


E.138 APPENDIXES 


TABLE E10.B2 British Standards and Specifications for Flanges, Bolts, Nuts, and Gaskets 


Numbers Title 


BSI BS 10 (OBSOLESCENT) 1962 Amd 4 Flanges and Bolting 
Pipes, Valves and Fittings 


BSI BS 848 PART 4 1997 Fans for General Purposes Part 4: Dimensions 
ISO 13351: 1996 (Q) 


BSI BS 1560 SEC 3.1 1989 Steel Pipe Flanges and Flanged Fittings (Nominal 
Sizes Half an Inch to 24 Inch) for The Petroleum 
Industry Part 3: Steel, Cast Iron and Copper Alloy 
Flanges Section 3.1: Steel Flanges 


BSI BS 1560 SEC 3.1 1989 Amd 1 Circular Flanges for Pipes, Valves and 
Fittings (Class Designated) Part 3: Steel, Cast Iron and 
Copper Alloy Flanges Section 3.1: Specification for 
Steel Flanges (AMD 7557) June 15, 1993 (Q) 


BSI BS 1560 SEC 3.1 1989 Amd 2 Circular Flanges for Pipes, Valves and 
Fittings (Class Designated) Part 3: Steel, Cast Iron and 
Copper Alloy Flanges Section 3.1: Specification for 
Steel Flanges (AMD 8593) July 15, 1995 (Q) 


BSI BS 1560 SEC 32 1989 Steel Pipe Flanges and Flanged Fittings (Nominal 
Sizes Half an Inch to 24 Inch) for the Petroleum 
Industry Part 3: Steel, Cast Iron and Copper Alloy 
Flanges Section 3.2: Cast Iron Flanges 


BSI BS 1560 SEC 3.3 1989 Steel Pipe Flanges and Flanged Fittings (Nominal 
Sizes Half an Inch to 24 Inch) for the Petroleum 


Industry Part 3: Steel Cast Iron and Copper Alloy 
Flanges Section 3.3: Copper Alloy and Composite 
Flanges 


BSI BS 2782 PT 12: 1997 Plastics Piping System—Glass—Reinforced 
METH1224F Thermosetting Plastics (GRP) Components—Test 

Methods to Prove the Design of the Bolted Flange 

Joints Also Known as BS EN 1450: 1997: (V) 


BSI BS 3293 1960 Amd 1 Carbon Steel Pipe Flanges (OVER 24 in 
Nominal Size) for the Petroleum Industry 


BSI BS 4504 SEC 3.1 1989 Amd 2 Circular Flanges for Pipes, Valves and 
Fittings (PN Designated) Part 3: Steel Cast Iron and 
Copper Alloy Flanges Section 3.1 Steel Flanges (AMD 
6334) Jan. 31, 1991 


BSI BS 4504 SEC 3.1 1989 Amd 3 Circular Flanges for Pipes, Valves and 
Fittings (PN Designated) Part 3: Steel, Cast Iron and 
Copper Alloy Flanges Section 3.1 Steel Flanges (AMD 
7555) June 15, 1993 (Supersedes BS 4504 Part 1 1969) 


BSI BS 4504 SEC 3.3 1989 Amd 1 Circular Flanges for Pipes, Valves and 
Fittings, (PN Designated Part 3: Steel, Cast Iron and 
Copper Alloy Flanges) Section 3.3 Specification for 
Copper Alloy and Composite Flanges (AMD 6274) 
Nov. 30, 1989 


BSI BS 4581 1970 Amd 4 Dimensions for Flanges for the Mounting 
of Plain Grinding Wheels Renumbered as BS 4581: 
Part 1: 1970 Per AMD 4393; March 30, 1984 
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BSI BS 4581 PART 2 


1984 Flanges for Mounting Grinding Wheels on 
Grinding Machine Tools Part 2: Specification for 
Dimensions and Materials of Flanges for Grinding 
Wheels of Less Than 76.2 mm Bore 


BSI BS 4882 


1990 Bolting for Flanges and Pressure Containing 
Purposes (Q) 


BSI BS 5500 ENO CASE 17 


1979 Enquiry Cases Case 17: Split Ring Flanges 


BSI BS 5500 ENQ CASE 36 


1995 Enquiry Cases Case 36: Loose Flanges Split 
Across a Diameter and Keyed into the Back of a 
Component (Q) 


BSI BS 5500 ENO CASE 36 


1993 Enquiry Case Case 36: Loose Flanges Split Across 
a Diameter and Keyed into the Back of a Component 


(Q) 


BSI BS 5500 ENQ CASE 
36 


1981 Enquiry Case Case 36: Loose Flanges Split Across 
a Diameter and Keyed into the Back of a Component 


BSI BS 5500 ENO CASE 58 


1995 Enquiry Case Case 58: Bolted Flanges Complying 
with ANSI B 16.5 Issue 2: (Q) 


BSI BS 5500 ENO CASE 58 


1984 Enquiry Case Case 58: Bolted Flanges Complying 
with ANSI B 16.5 


BSI BS 5500 ENO CASE 
100 


1993 Enquiry Case Case 100: Domed and Bolted Ends 
with Full Face Flange 


BSI BS 5500 ENO CASE 
117 


1996 Enquiry Case Case 117: Flanges Fitted with Swing 
Bolts and Clamps (O) 


BSI BS 5587 


1978 Amd 1 Coated Abrasives Flap Wheels with 
Incorporated Flanges or Separate Flanges. Designation 
and Dimensions 


BSI BS 5840 PART 1 


1980 Valve Mating Details for Actuator Operation Part 
1: Flange Dimensions and Characteristics 


BSI BS 6276 


1987 Dimensions and Identification Code for Mounting 
Flanges and Shaft Ends for Hydraulic Fluid Power 
Pumps and Motors 


BSI BS 6339 


1983 Dimensions for Circular Flanges for General 
Purpose Industrial Fans 


BSI BS AU 211 


1987 Dimensions of Four-Hole Flanges for Gear- 
Driven Air Compressors for Commercial Vehicles and 
Buses 


BSI BS AU 214A PART 1 


1987 Amd 1 Gearbox Flanges Part 1: Dimensions of 
Cross-Tooth Gearbox Flanges, Type T, for Commercial 
Vehicles and Buses (Formerly BS AU 214: 1987) 


BSI BS AU 214 PART 2 


1988 Gearbox Flanges Part 2: Dimensions for Type A 
Gearbox Flanges for Commercial Vehicles and 
Buses 


BSI BS AU 214 PART 3 


1988 Gearbox Flanges Part 3: Dimensions for Type S 
Gearbox Flanges for Commercial Vehicles and Buses 
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BSI BS AU 259 


1995 Components for Commercial Vehicles and 
Buses— Cross-Tooth Propeller Shaft Flanges, Type T 
(ISO 12667: 1993) (E) 


BSI BS MA 9 


(OBSOLESCENT) 1970 Amd 3 Flanges, Bolting and 
Gaskets for Exhaust Gas Piping for Diesel Engines and 
Boiler Uptakes 


BSI BS EN 1092-2 


1997 Flanges and Their Joints— Circular Flanges for 
Pipes, Valves, Fittings and Accessories, PN Designated 
Part 2: Cast Iron Flanges Supersedes BS 4504: Section 
3.2: 1989; (Q) 


BSI BS EN 1450 


1997 Plastics Piping Systems—Glass-Reinforced 
Thermosetting Plastics (GRP) Components—Test 
Methods to Prove the Design of Bolted Flanged Joints 
Also Known as BS 2782: Part 12: Method 1224 F: 1997; 
(V) 


BSI BS EN 3149 


1997 Shank Nuts-Installation Holes, 60 Degree Swage, 
Flanges-Design Standard (S) 


BSI BS EN 60154-1 


1996 Flanges for Waveguides Part 1: General 
Requirements (IEC 154-1: 1982) (S) 


BSI BS EN 60154-2 


1997 Flanges for Waveguides Part 2: Relevant 
Specifications for Flanges for Ordinary Rectangular 
Waveguides Renumbers BS 6569: Part 2: 1985; (S) 


BSI BS EN 60264-5-1 


1997 Packaging of Winding Wirest 5.1: Cylindrical 
Barrelled Delivery Spools with Conical Flanges— Basic 
Dimensions IEC 60264-5-1: 1997; (E) 


BSI BS EN ISO 5210 


1996 Industrial Valves—Multi-Turn Valve Actuator 
Attachments Supersedes Section 3 of BS 5840: Part 1: 
1980 and Section 3 of BS 5840: Part 2: 1982 (E) 


BSI BS ISO 666 


1996 Machine Tools—Mounting of Plain Grinding 
Wheels by Means of Hub Flanges Supersedes BS 4581: 
Part 1: 1970; (F) 


BSI BS ISO 7299 


1996 Diesel Engines—End-Mounting Flanges for Fuel 
Injection Pumps (E) 


BSI BS ISO 12129-2 


1995 Plain Bearings- Part 2: Tolerances on Form and 
Position and Surface Roughness for Shafts, Flanges and 
Thrust Collars (E) 


BSI PD 6438 


1969 Review of Present Methods for Design of Bolted 
Flanges for Pressure Vessels 


BSI BS 57 


(OBSOLESCENT) 1951 Amd 3 B.A. Screws, Bolts 
and Nuts 


BSI BS 64 


1992 Normal and High Strength Steel Bolts and Nuts 
for Railway Rail Fishplates (Q) 


BSI BS 64 


1992 Amd 1 Normal and High Strength Steel Bolts and 
Nuts for Railway Rail Fish Plates (AMD 8210) July 15, 
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BSI BS 325 (OBSOLESCENT) 1947 Amd 3 Black Cup and 
Countersunk Bolts and Nuts 


BSI BS 916 (OBSOLESCENT) 1953 AMD 4 Black Bolts, Screws 
and Nuts 


BSI BS 1083 (OBSOLESCENT) 1965 Amd 2 Precision Hexagon 
Bolts, Screws and Nuts (B.S.W. and B.S.F. Threads) 


BSI BS 1768 (OBSOLESCENT) 1963 Amd 3 Unified Precision 
Hexagon Bolts, Screws and Nuts (UNC and UNF 
Threads) Normal Series 


BSI BS 1769 (OBSOLESCENT) 1951 Amd 7 Unified Precision 
Hexagon Bolts, Screws and Nuts (UNC and UNF 
Threads) Heavy Series 


BSI BS 2485 1987 Tee Slots, Tee Bolts, Tee Nuts and Tenons 
BSI BS 3692 (OBSOLESCENT) 1967 Amd 1 ISO Metric Precision 
Hexagon Bolts, Screws and Nuts 


BSI BS 3692 (OBSOLESCENT) 1967 Amd 2 ISO Metric Precision 
Hexagon Bolts, Screws and Nuts Metric Units 
(AMD 8227) November 15, 1994 (E) 


BSI BS 4190 (OBSOLESCENT) 1967 AMD 2 ISO Metric Black 
Hexagon Bolts, Screws and Nuts 


BSI BS 4190 (OBSOLESCENT) 1967 AMD 3 ISO Metric Black 
Hexagon Bolts, Screws and Nuts (AMD 8226) Nov. 15, 
1994 (E) 


BSI BS 4395 PART 1 1969 Amd 2 High Strength Friction Grip Bolts and 
Associated Nuts and Washers for Structural 
Engineering Part 1: General Grade (E) 

BSI BS 4395 PART 2 1969 Amd 2 High Strength Friction Grip Bolts and 
Associated Nuts and Washers for Structural 
Engineering Part 2: Higher Grade Bolts and Nuts and 
General Grade Washers (E) 

BSI BS 4933 (OBSOLESCENT) 1973 ISO Metric Black Cup and 
Countersunk Head Bolts and Screws with Hexagon 
Nuts (E) 

BSI BS 6040 1981 Nomenclature for Bolts, Screws, Nuts and 
Accessories 

BSI BS 6293 PART 2 1994 Aerospace-MJ Threads Part 2: Limit Dimensions 
for Bolts and Nuts (ISO 5855-2: 1988) (S) 

BSI BS 6293 PART 2 1982 MJ Threads for Aerospace Construction Part 2: 
Dimensions for Bolts and Nuts 

BSI BS 6322 PART 1 1982 Tolerances for Fasteners Part 1: Tolerances of 
Bolts, Screws and Nuts with Thread Diameter MW 1.6 
mm and MV 150 mm and Product Grades A, B and 
C 
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BSI BS 6322 PART 2 


1982 Tolerances for Fasteners Part 2: Tolerances of 
Bolts, Screws and Nuts with Thread Diameters from 1 
mm up to 3 mm and Product Grade F, for Fine 
Mechanics 


BSI BS 6322 PART 3 


1992 Tolerances for Fasteners Part 3: Specification for 
Tolerances of Plain Washers for Bolts, Screws and 
Nuts with Nominal Thread Diameters from 1 mm up 
to and Including 150 mm. Product Grades A and C 
(ISO 4759-3: 1991) 


BSI BS 6322 PART 3 


1982 Tolerances for Fasteners Part 3: Tolerances of 
Washers for Metric Bolts, Screws and Nuts with 
Thread Diameters from 1 mm up to and including 
150 mm. Product Grades A and C. 


BSI BS 7670 PART 1 


1993 Steel Nuts and Bolts for Resistance Projection 
Welding Part 1: Specification for Dimensions and 
Properties (E) 


BSI BS 7670 PART 1 


1993 Amd 1 Steel Nuts and Bolts for Resistance 
Projection Welding Part 1: Specification for 
Dimensions and Properties (AMD 8215) July 15, 1994 


(E) 


BSI BS 7670 PART 2 


1997 Steel Nuts and Bolts for Resistance Projection 
Welding Part 2: Specification for Welding of Weld Nuts 


and Weld Bolts Supersedes BS 2996: 1958; (E) 


BSI BS EN 20225 


1992 Fasteners— Bolts, Screws, Studs and 
Nuts—Symbols and Designations of Dimensions (ISO 
225: 1983) (Replaces BS 6565: 1985) 


BSI BS EN 28839 


1992 Mechanical Properties of Fasteners— Bolts, 
Screws, Studs and Nuts Made of Non-Ferrous Metals 
(ISO 8839: 1986) (E) 


BSI 2A 58 


(OBSOLESCENT) 1962 Amd 4 Steel Hexagonal Nuts 
(B.S.F. Threads) for Shear Bolts for Aircraft (Replaces 
BS A57 and A58: 1952) 


BSI 3A 100 


1991 General Requirements for Bolts and Free 
Running Nuts of Tensile Strength not Exceeding 1249 
MPa (Supersedes 2A 100: 1968) (S) 


BSI 3A 100 


1991 Amd 1 General Requirements for Bolts and Free 
Running Nuts of Tensile Strength not Exceeding 1249 
MPa (AMD 7661) April 15, 1993 (S) 


BSI2A 110 


1962 Amd 4 Steel Nuts (Unified Hexagons and Unified 
Threads) for Shear Bolts for Aircraft (Replaces BS A 
109 and A 110: 1954) 


BSI HR 650 


1972 Amd 2 High Expansion Heat-Resisting Steel Bar 
and Wire for the Manufacture of Bolts, Studs, Set 
Screws and Nuts (Ni 25.5, Cr 15, Ti 2, Mn 1.5, Mo 1.25, 
Si 0.7, V 0.3) (Limiting Ruling Section 20 mm) 
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BSI 2S 147 1976 0.5 Per Cent Nickel-Chromium-Molybdenum 
Steel Bars for the Manufacture of Forged Bolts and 
Forged Nuts (Replaces BS S 147: 1969) 


BSI 2S 147 1976 Amd 1 0.5 Per Cent Nickel-Chromium- 
Molybdenum Steel Bars for the Manufacture of Forged 
Bolts and Forged Nuts (AMD 6836) Nov. 29, 1991 
(Replaces BS S 147: 1969) 

BSI 2S 149 1976 1.75 Per Cent Nickel-Chromium-Molybdenum 
Steel Bars for the Manufacture of Forged Bolts and 
Forged Nuts (Replaces BS S 149: 1972) 


BSI 2S 149 1976 Amd 1 1.75 Per Cent Nickel-Chromium- 
Molybdenum Steel Bars for the Manufacture of Forged 
Bolts and Forged Nuts (AMD 6837) Nov. 29, 1991 
(Replaces BS S 149: 1972) 

BSI S 158 1977 1 Per Cent Chromium-Molybdenum Steel Bars 
for the Manufacture of Forged Bolts and Forged Nuts 
BSI PD 7300 1979 Nuts and Bolts: Recommended Drawing Ratios 
for School and Colleges. Teacher’s Notes 


BSI BSD 3063 (OBSOLESCENT) 1965 Amd 1 Dimensions of 
Gaskets for Pipe Flanges 


BSI BS 3381 1989 Spiral Wound Gaskets for Steel Flanges to BS 


1560 (Q) 


BSI BS 4255 PART 1 1986 Rubber Used in Performed Gaskets for Weather 
Exclusion from Buildings Part 1: Non-Cellular Gaskets 


BSI BS 4332 1989 Phenol-Formaldehyde Resin-Bonded Cork 
Jointing 

BSI BS 7076 PART 1 1989 Dimensions of Gaskets for Flanges to BS 1560 
Part 1: Non-Metallic Flat Gaskets (Replaces BS 1560: 
Part 2: 1970) 


BSI BS 7076 PART 2 1989 Dimensions of Gaskets for Flanges to BS 1560 
Part 2: Metallic Ring-Joint Gaskets for Use with Steel 
Flanges (Replaces BS 1560: Part 2 and BS 1970) 


BSI BS 7076 PART 2 1989 Amd 1 Dimensions of Gaskets for Flanges to BS 
1560 Part 2: Specification for Metallic Ring-Joint 
Gaskets for Use with Steel Flanges (AMD 8592) 

June 15, 1995 (Replaces BS 1560: Part 2 and BS 1970) 
(Q) 

BSI BS 7076 PART 3 1989 Dimensions of Gaskets for Flanges to BS 1560 
Part 3: Specification for Non-Metallic Envelope 
Gaskets (Replaces BS 1560: Part 2: 1970) 

BSI BS 7076 PART 4 1989 Dimensions of Gaskets for Flanges to BS 1560 
Part 4: Corrugated, Flat or Grooved Metallic and 
Filled Metallic Gaskets (Replaces BS 1560: Part 2: 
1970) 
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(Continued) 


Numbers Title 


BSI BS MA 9 (OBSOLESCENT) 1970 Amd 3 Flanges, Bolting and 
Gaskets for Exhaust Gas Piping for Diesel Engines and 
Boiler Uptakes 


BSI BS EN 1514-1 1997 Flanges and Their Joints— Dimensions of Gaskets 
for PN-Designated Flanges Part 1: Non-Metallic Flat 
Gaskets with or without Inserts Supersedes BS 4865: 
Part 1: 1989; (E) 


BSI BS EN 1514-2 1997 Flanges and Their Joints— Dimensions of Gaskets 
for PN-Designated Flanges Part 2: Spiral Wound 
Gaskets for Use with Steel Flanges Supersedes BS 
4865: Part 2: 1989; (E) 


BSI BS EN 1514-3 1997 Flanges and Their Joints— Dimensions of Gaskets 
for PN-Designated Flanges Part 3: Non-Metallic PTFE 
Envelope Gaskets Supersede BS 4865: 1989: (E) 


BSI BS EN 1514-4 1997 Flanges and Their Joints— Dimensions of Gaskets 
for PN-Designated Flanges Part 4: Corrugated, Flat or 
Grooved Metallic and Filled Metallic Gaskets for use 
with Steel Flanges Supersedes BS 4865: Part 4: 1989; 


(E) 
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Numbers 


TABLE E10.B3 British Standards and Specifications for Valves 


Title 


BSI BS 341: PART 1 


1991 Transportable Gas Container Valves Part 1: 
Specification for Industrial Valves for Working 
Pressures up to and Including 300 Bar (Supersedes BS 
341: Part 2-1963) (E) 


BSI BS 341: PART 1 


1991 Amd 1 Transportable Gas Container Valves Part 
1: Specification for Industrial Valves for Working 
Pressures up to and Including 300 Bar (AMD 7641) 
May 15, 1993 


BSI BS 759: PART 1 


1984 Amd 1 Valves, Gauges and Other Safety Fittings 
for Application to Boilers and to Piping Installation for 
and in Connection with Boilers Part 1: Specification for 
Valves, Mounting and Fittings 


BSI BS 1123: PART 1 


1987 Safety Valves, Gauges and Fusible Plugs for 
Compressed Air or Inert Gas Installations Part 1: Code 
of Practice for Installation 


BSI BS 1212 PART 1 


1990 Float Operated Valves (Excluding Floats) Part 1: 
Piston Type Float Operated Valves (Copper Alloy 
Body) (Excluding Floats) 


BSI SI 1212 PART 2 


1990 Float Operated Valves (Excluding Floats) Part 2: 
Diaphragm Type Float Operated Valves (Copper Alloy 
Body) (Excluding Floats) 


BSI BS 1212 PART 3 


1990 Float Operated Valves Part 3: Specification for 
Diaphragm Type Float Operated Valves (Plastic 
Bodied) for Cold Water Services Only (Excluding 
Floats) 


BSI BS 1212 PART 4 


1991 Float Operated Valves Part 4: Specification for 
Compact Type Float Operated Valves for WC Flushing 
Cisterns (Including Floats) 


BSI BS 1319 


1976 Amd 2 Medical Gas Cylinders, Valves and Yoke 
Connections (AMD 4603) June 29, 1984 


BSI BS 1414 


1975 Amd 2 Steel Wedge Gate Valves (Flanged and 
Butt-Welding Ends) for the Petroleum, Petrochemical 
and Allied Industries (AMD 6562) Aug. 31, 1990 


BSI BS 1415: PART 1 


1976 Amd 2 Mixing Valves Part 1: Non-Thermostatic, 
Non-Compensating Mixing Valves 


BSI BS 1415: PART 2 


1986 Mixing Valves Part 2: Thermostatic Mixing Valves 


BSI BS 1552 


1995 Open Bottomed Taper Plug Valves for 1st, 2nd 
and 3rd Family Gases up to 200 mbar (E) 


BSI BS 1552 


1995 Amd 1 Open Bottomed Taper Plug Valves for 
1st, 2nd and 3rd Family Gases up to 200 mbar AMD 
9622; Sept. 1997; (E) 


BSI BS 1552 


1989 Manual Shut-off Valves for Use with 1st, 2nd and 
3rd Family Gases 


BSI BS 1655 


1950 Amd 2 Flanged Automatic Control Valves for the 
Process Control Industry (Face to Face Dimensions) 
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Numbers 


Title 


BSI BS 1868 


1975 Amd 1 Steel Check Valves (Flanged and Butt- 
Welding Ends) for the Petroleum, Petrochemical and 
Allied Industries (AMD 6563) July 31, 1990 


BSI BS 1873 


1975 Amd 1 Steel Globe and Globe Stop and Check 
Valves (Flanged and Butt-Welding Ends) for the 
Petroleum, Petrochemical and Allied Industries (AMD 
6564) July 31, 1990 


BSI BS 1963 


1990 Pressure Operated Relay Valves for Domestic, 
Commercial and Catering Gas Appliances 


BSI BS 2080 


(OBSOLESCENT) 1989 Face-To-Face, Centre-To- 
Face, End-To-End and Centre-To-End Dimensions of 
Valves (Partially Superseded by BS EN 558: Part 1: 
1994 and BS EN 558: Part 2: 1994) 


BSI BS 2080 


(OBSOLESCENT) 1989 Face-To-Face, Centre-To- 
Face, End-To-End and Centre-To-End Dimensions of 
Valves (AMD 8434) May 15, 1995 (Partially 
Superseded by BS EN 558: Part 1: 1994 and BS EN 
558: Part 2: 1994) 


BSI BS 2456 


1990 Floats (Plastics) for Float Operated Valves for 
Cold Water Services 


BSI BS 2782: PT 11: METH 
1101A 


1981 Methods of Testing Plastics Part 11: 
Thermoplastic Pipes, Fittings and Valves Method 
1101A: Measurement of Dimensions of Pipes 


BSI BS 2782: PT 11: METH 
1106A 


1983 Methods of Testing Plastics Part 11: 
Thermoplastic Pipes, Fittings and Valves Method 1106 
A: Assessment of Pigment Dispersion in Polyolefin 
Pipes and Fittings: Microtome Method 


BSI BS 2782: PT 11: METH 
1108A 


1989 Methods of Testing Plastics Part 11: 
Thermoplastic Pipes, Fittings and Valves Method 1108 
A: True Impact Rate (TIR) Boundaries of Pipes (Read 
in Conjunction with BS 2782: Part 0) 


BSI BS 2782: PT 11: METH 
1109A 


1989 Methods of Testing Plastics Part 11: 
Thermoplastic Pipes, Fittings and Valves Method 1109 
A: Resistance to Environmental Stress Cracking of 
Polyethylene Pipes and Fitting for Non-Pressure 
Applications 


BSI BS 2782: PT 11: METH 
1110 


1989 Methods of Testing Plastics Part 11: 
Thermoplastic Pipes, Fittings and Valves Method 1110: 
Tensile Properties of Dumb-Bell Specimens from PVC 
Gutter Profiles or Pipes for Non-Pressure Applications 
Read in Conjunction with BS 2782: Part 0 


BSI BS 2782: PT 11: METH 
1112A 


(OBSOLESCENT) 1989 Methods of Testing Plastics 
Part 11: Thermoplastic Pipes, Fittings and Valves 
Method 1112 A: Leaktightness of Thermoplastic Pipes 
and Fittings for Non-Pressure Applications Superseded 
by BS EN 1053: 1996; Read in Conjunction with BS 
2782: Part 0 
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Numbers 


Title 


BSI BS 2782: PT 11: 


1121B 


1997 Methods of Testing Plastics Part 11: Pipes, 
Fittings and Valves Method 1121 B: Thermoplastic 
Pipes for the Conveyance of Fluids—Nominal Outside 
Diameters and Nominal Pressures—Metric Series ISO 
161-1: 1996; (V) 


BSI BS 2782; PT 11: 


1121C 


1997 Methods of Testing Plastics Part 11: Pipes, 
Fittings and Valves Method 1121 C: Thermoplastic 
Pipes for the Conveyance of Fluids—Nominal Outside 
Diameters and Nominal Pressures—Inch-Based Series 
ISO 161-2: 1996; Together with BS ISO 4065 and BS 
ISO 119222 


BSI BS 2782: PT 11: 


1121H 


1996 Methods of Testing Plastics Part 11: 
Thermoplastic 

Pipes, Fittings and Valves Method 1121 H: 
Thermoplastic Pipes for Transport of Liquids under 
Pressure— Calculation of Head Losses (ISO/TR 10501: 
1993) (V) 


BSI BS 2782: PT 11: 


1127P 


1997 Methods of Testing Plastics Part 11: 
Thermoplastic Pipes, Fittings and Valves Method 
1127P: Thermoplastic Pipes for the Conveyance of 
Fluids— Resistance to Internal Pressure— Test Method 
ISO 1167: 1996; (V) 


BSI BS 2782: PT 11: 


1131 


1992 Thermoplastic Valves-Torque-Test Method (ISO 
8233: 1988) 


BSI BS 2782: PT 11: 


1132 


1992 Thermoplastic Valves-Fatigue Strength-Test 
Method (ISO 8659: 1989) 


BSI BS 2782: PT 11: 


1133A 


1997 Plastic Piping Systems— Valves for Polyethylene 
(PE)-Piping Systems— Test Methods fo Leaktightness 
Under and after Bending applied to the Operating 
Mechanism. Also Known as BS EN 1680: 1997; (V) 


BSI BS 2782: PT 11: 


1133B 


1997 Plastic Piping Systems— Thermoplastics 

Valves- Test Methods for the Integrity of a Valve After 
Temperature Cycling under Bending Also Numbered 
as BS EN 1704: 1997; (V) 


BSI BS 2782: PT 11: 


1133C 


1997 Plastic Piping Systems—Thermoplastics 
Valves- Test Method for Integrity of a Valve After an 
External Blow Also Known as BS EN 1705: 1997; (V) 


BSI BS 2782: PT 11: 


1133E 


1997 Plastic Piping Systems—Polyethylene (PE) 
Valves-Test Method for Resistance to Thermal Cycling 
Also Numbered as BS EN 12119: 1997; (V) 


BSI BS 2782: PT 11: 


1134A 


1997 Plastic Piping Systems—Thermoplastics 
Valves—Test Methods for Resistance to Internal 


Pressure and Leaktightness Also Numbered as BS EN 
917: 1997; (V) 


BSI BS 2782: PT 11: 


1150E 


Methods of Testing Plastics Part 11: Thermoplastic 
Pipes, Fittings and Valves Method 1150E: Plastic Pipe 
and Fittings—Preparation of Test Piece Assemblies 
between a Polyethylene (PE) Pipe and Electrofusion 
Fitting ISO 11413: 1996 (V) 
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Numbers 


Title 


BSI BS 2782: PT12: METH 
1211A-F 


1997 Plastic Piping Systems—Glass-Reinforced 
Thermosetting Plastics (GRP) Pipes— Determination of 
Apparent Initial Circumferential Tensile Strength Also 
Numbered as BS EN 1394: 1997; (V) 


BSI BS 2879 


1980 Amd 3 Draining Taps (Screw-Down Pattern) 


BSI BS 3457 


1973 Material for Water Tap and Stopvalve Seat 
Washers 


BSI BS 4062: PART 1 


1982 Valves for Hydraulic Fluid Power Systems Part 1: 
Methods for Determining Pressure Differential 
Pressure/Flow Characteristics 


BSI BS 4062: PART 2 


1990 Valves for Hydraulic Fluid Power Systems Part 2: 
Methods for Determining Performance 


BSI BS 5041: PART 1 


1987 Amd 1 Fire Hydrant System Equipment Part 1: 
Landing Valves for Wet Risers (AMD 5912) Sept. 30, 
1988 


BSI BS 5041: PART 1 


1975 Fire Hydrant System Equipment Part 1: Landing 
Valves for Wet Risers 


BSI BS 5041: PART 2 


1987 Amd 1 Fire Hydrant System Equipment Part 2: 
Landing Valves for Dry Risers (AMD 5776) July 29, 
1988 


BSI BS 5041: PART 2 


1976 Fire Hydrant System Equipment Part 2: Landing 
Valves for Dry Risers 


BSI BS 5041: PART 4 


1975 Amd 1 Fire Hydrant Systems Equipment Part 4: 
Boxes for Landing Valves for Dry Risers 


BSI BS 5150 


1990 Cast Iron Gate Valves 


BSI BS 5151 


1974 Amd 2 Cast Iron Gate (Parallel Slide) Valves for 
General Purposes (Replaces BS 3948: 1965) 


BSI BS 5152 


1974 Amd 4 Cast Iron Globe and Globe Stop and 
Check Valve for General Purposes AMD 6042; July 31, 
1989; Replaces BS 3961: 1965; (Q) 


BSI BS 5153 


1974 Amd 3 Cast Iron Check Valves for General 
Purposes (AMD 6067) July 31, 1989 (Replaces BS 
4090: 1966) 


BSI BS 5154 


1991 Copper Alloy Globe, Globe Stop and Check, 
Check and Gate Valves 


BSI BS 5155 


1984 Amd 1 Butterfly Valves 


BSI BS 5155 


1984 Amd 2 Butterfly Valves (AMD 6990) May 1, 1992 


BSI BS 5156 


1985 Amd 1 Diaphragm Valves for General Purposes 
(AMD 6513) June 29, 1990 


BSI BS 5157 


1989 Steel Gate (Parallel Slide) Valves 


BSI BS 5158 


1989 Cast Iron Plug Valves 


BSI BS 5159 


1974 Amd 2 Cast Iron and Carbon Steel Ball Valves 
for General Purposes 


BSI BS 5160 


1989 Steel Globe Valves, Globe Stop and Check 
Valves and Lift Type Check Valves 
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BSI BS 5163 1986 Amd 2 Predominantly Key-Operated Cast Iron 
Gate Valves for Waterworks Purposes (AMD 6057) 
July 31, 1989 


BSI BS 5351 1986 Amd 3 Steel Ball Valves for the Petroleum, 
Petrochemical and Allied Industries (AMD 6271) Sept. 
28, 1990 (E) 


BSI BS 5352 1981 Amd 2 Steel Wedge Gate, Globe and Check 
Valves 50 mm and Smaller for the Petroleum, 
Petrochemical and Allied Industries (AMD 6560) Aug. 
31, 1990 (Supersedes BS 2995: 1996) 


BSI BS 5353 1989 Steel Plug Valves 


BSI BS 5672 1991 Designation of the Direction of Rotation of 
Cylinders and Valves in Cylinder Heads, and 
Definition of Right-Hand and Left-Hand in-Line 
Engines and Locations on an Engine for Reciprocating 
Internal Combustion Engines (ISO 1204: 1990) 
(Replaces BS 5673: 1979, BS 5674: 1979) 


BSI BS 5793: PART 1 1989 Industrial-Process Control Valves Part 1: 
Specification and Terminology for Control Valves (IEC 
534-1: 1987) (Q) 

BSI BS 5793: SEC 3.2 1985 Industrial Process Control Valves Part 3: 
Dimensions Section 3.2: Face-to-Face Dimensions for 
Flangeless Control Valves Except Wafer Butterfly 


Valves 


BSI BS 5793: PART 4 1987 Industrial Process Control Valves Part 4: 
Inspection and Routine Testing 

BSI BS 5793: PART 5 1984 Industrial Process Control Valves Part 5: 
Specification for Marking 

BSI BS 5793: PART 6 1986 Industrial Process Control Valves Part 6: 
Mounting Details for Attachment of Positioners to 
Control Valve Actuators 

BSI BS 5793: SEC 8.1 1986 Industrial Process Control Valves Part 8: Noise 
Considerations Section 8.1: Method for Laboratory 
Measurement of Noise Generated by Aerodynamic 
Flow Through Control Valves 

BSI BS 5834 PART 2 1983 Surface Boxes, and Guards for Underground 
Stopvalves for Gas and Waterworks Purposes Part 2: 
Small Surface Boxes (Replaces BS 1426 and 3461: 
1969) 

BSI BS 5834 PART 3 1985 Surface Boxes, and Guards for Underground 
Stopvalves for Gas and Waterworks Purposes Part 3: 
Large Surface Boxes 

BSI BS 5944: PART 4 1984 Measurement of Airborne Noise From Hydraulic 
Fluid Power Systems and Components Part 4: Method 
of Determining Sound Power Levels from Valves 
Controlling Flow and Pressure 


BSI BS 5995 1980 Methods of Test for Electrohydraulic Servovalves 
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Title 


BSI BS 6282: PART 1 


1982 Devices with Moving Parts for the Prevention of 
Contamination of Water by Backflow Part 1: Check 
Valves of Nominal Size up to and Including DN 54 


BSI BS 6282: 


1982 Devices with Moving Parts for the Prevention of 
Contamination of Water by Backflow Part 2: Terminal 
Anti-Vacuum Valves of Nominal Size up to and 
Including DN 54 


BSI BS 6282: 


1982 Devices with Moving Parts for the Prevention of 
Contamination of Water by Backflow Part 3: In-Line 
Anti-Vacuum of Nominal Size up to and Including DN 
42 


BSI BS 6282: 


1982 Devices with Moving Parts for the Prevention of 
Contamination of Water by Backflow Part 4: 
Combined Check and Anti-Vacuum Valves of Nominal 
Size up to and Including DN 42 


BSI BS 6283: 


1991 Safety and Control Devices for Use in Hot Water 
Systems Part 1: Specification for Expansion Valves for 
Pressure up to and Including 10 Bar 


BSI BS 6283: 


1982 Safety Devices for Use in Hot Water Systems 
Part 1: Specification for Expansion Valves for Pressures 
up to and Including 10 Bar (R) 


BSI BS 6283: 


1991 Safety and Control Devices for Use in Hot Water 
Systems Part 2: Specification for Temperature Relief 
Valves for Pressures from 1 Bar to 10 Bar 


BSI BS 6283: 


1982 Safety Devices for Use in Hot Water Systems 
Part 2: Specification for Temperature Relief Valves for 
Pressure up to and Including 10 Bar 


BSI BS 6283: 


1991 Safety and Control Devices for Use in Hot Water 
Systems Part 3: Specification for Combined 
Temperature and Pressure Relief Valves for Pressures 
from 1 Bar to 10 Bar 


BSI BS 6283: 


1982 Safety Devices for Use in Hot Water Systems 
Part 3: Specification for Combined Temperature and 
Pressure Relief Valves for Pressures up to and 
Including 10 Bar 


BSI BS 6283: 


1991 Safety and Control Devices for Use in Hot Water 
Systems Part 4: Specification for Drop-Tight Pressure 
Reducing Valves of Nominal Size up to and Including 
DN 50 for Supply Pressures up to and Including 12 Bar 


BSI BS 6494: 


1986 Hydraulic Fluid Power Valve Mounting Devices 
Part 2: Four-Port and Five-Port Servo Valves 


BSI BS 6494: 


1989 Hydraulic Fluid Power Valve Mounting Surfaces 
Part 3: Pressure-Relief Valves 


BSI BS 6494: 


1989 Hydraulic Fluid Power Valve Mounting Surfaces 
Part 4: Clamping Dimensions of Four-Port Sizes 03 and 
05, Modular Stack Valves and Directional Control 
Valves 
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BSI BS 6494: PART 6 1989 Hydraulic Fluid Power Valve Mounting Surfaces 
Part 6: Pressure-Control Valves (Excluding Pressure- 
Relief Valves), Sequence Valves, Unloading Valves, 
Throttle Valves and Check Valves 


BSI BS 6675 1986 Servicing Valves (Copper Alloy) for Water 
Services 


BSI BS 6683 1985 Amd 1 Installation and Use of Valves (AMD 
6604) April 30, 1991 (E) 


BSI 6697 1986 Electrohydraulic Proportional Control Valves 


BSI 6755: PART 1 1986 Testing of Valves Part 1: Production Pressure 
Testing Requirements (Replaces the Requirements for 
Production Pressure Testing in BS 5146: Part 1: 1974 
and BS 5146: Part 2: 1984) 


BSI 6755: PART 2 1987 Amd 2 Testing of Valves Part 2: Specification for 
Fire Type-Testing Requirements (AMD 6712) June 28, 
1991 (Replaces BS 5146: Part 1: 1974 and BS 5146: 
Part 2: 1984) 


BSI BS 6759 1984 Amd 1 Safety Valves Part 1: Specification for 
Safety Valves for Steam and Hot Water (AMD 5493) 
March 31, 1987 (Replaces BS 759; Part 2: 1975) 


BSI BS 6759 1984 Amd 2 Safety Valves Part 1: Specification for 
Safety Valves for Steam and Hot Water (AMD 8272) 


Feb. 15, 1995 (Q) 


BSI BS 6759 1984 Amd 1 Safety Valves Part 2: Specification for 
Safety Valves for Compressed Air or Inert Gases 
(AMD 5494) March 31, 1987 (Replaces BS 1123: Part 
2: 1975) 

BSI BS 6759 1984 Amd 2 Safety Valves Part 2: Specification for 
Safety Valves for Compressed Air or Inert Gases 
AMD 9276; Jan. 15, 1997; (Q) 

BSI BS 6759 1984 Amd 1 Safety Valves Part 3: Specification for 
Safety Valves for Process Fluids 

BSI BS 6759 1984 Amd 2 Safety Valves Part 3: Specification for 
Safety Valves for Process Fluids (AMD 8273) Feb. 15, 
1995 (Q) 


BSI BS 6821 1988 Methods for Aerodynamic Testing of Dampers 
and Valves 


BSI BS 7296: PART 1 1990 Cavities for Hydraulic Fluid Power Cartridge 
Valves Part 1: Two-Port Slip-in Valves 


BSI BS 7350 1990 Double Regulating Globe Valves and Flow 
Measurement Devices for Heating and Chilled Water 
Systems 

BSI BS 7350 1990 Amd 1 Double Regulating Globe Valves and 
Flow Measurement Devices for Heating and Chilled 
Water Systems (AMD 6865) Dec. 24, 1991 


E.152 


APPENDIXES 


TABLE E10.B3 British Standards and Specifications for Valves (Continued) 


Numbers 


Title 


BSI BS 7389: PART 1 


1990 Pneumatic Fluid Power Valve Mounting Surfaces 
Part 1: Five Port Directional Control Valves (Without 
Electrical Connector) 


BSI BS 7403: PART 9 


1995 Full-Flow Lubricating Oil Filters for Internal 
Combustion Engines Part 9: Method for Test for Inlet 
and Outlet Anti-Drain Valves (ISO 4548-9: 1995) (E) 


BSI BS 7438 


1991 Steel and Copper Alloy Wafer Check Valves, 
Single Disc, Spring-Loaded Type 


BSI BS EN 488 


1995 Preinsulated Bonded Pipe Systems for 
Underground Hot Water Networks— Steel Valve 
Assembly for Steel Service Pipes, Polyurethane 
Thermal Insulation and Outer Casing of Polyethylene 


(E) 


BSI BS EN 558-1 


1996 Industrial Valves—Face-to-Face and Centre-to- 
Face Dimensions of Metal Valves for Use in Flanged 
Pipe Systems Part 1: PN-Designated Valves (F) 


BSI BS EN 5582 


1996 Industrial Valves—Face-to-Face and Centre-to- 
Face Dimensions of Metal Valves for Uses in Flanged 
Piping Systems Part 2: Class-Designated Valves (F) 


BSI BS EN 561 


1995 Gas Welding Equipment—Quick-Action 
Couplings with Shut-off Valves for Welding, Cutting 
and Allied Processes (F) 


BSI BS EN 736-1 


1995 Valves—Terminology Part 1: Definition of Type 
of Valves (V) 


BSI BS EN 7362 


1997 Valves—Terminology Part 2: Definition of 
Components of Valves (E) 


BSI BS EN 816 


1997 Sanitary Tapware—Automatic Shut-off Valves 
PN 10 (R) 


BSI BS EN 917 


1997 Plastic Piping Systems—Thermoplastic 
Valves-Test Methods for Resistance to Internal 
Pressure and Leaktightness Also Numbered as BS 
2782: Part 11: Methods 1134A and B: 1997; (V) 


BSI BS EN 1092-2 


1997 Flanges and Their Joints—Circular Flanges for 
Pipes, Valves, Fittings and Accessories, PN Designated 
Part 2: Cast Iron Flanges Supersedes BS 4504: Section 
3.2: 1989; (Q) 


BSI BS EN 1112 


1997 Shower Outlets for (PN 10) Sanitary Tapware (L) 


BSI BS EN 1680 


1997 Plastic Piping Systems— Valves for Polyethylene 
(PE) Piping Systems—Test Method for Leaktightness 
Under and After Bending Applied to the Operating 
Mechanism. Also Known as BS 2782: Part 11: Method 
1133 A: 1997; (V) 


BSI BS EN 1704 


1997 Plastics Piping Systems—Thermoplastics 
Valves—Test Method for the Integrity of a Valve After 
Temperature Cycling under Bending Also Numbered 
as BS 2782: Part 11: Method 1133B: 1997; (V) 
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BSI BS EN 1705 1997 Plastics Piping Systems— Thermoplastics 
Valves—Test Method for the Integrity of a Valve After 
an External Blow Also Known as BS 2782: Part 11: 
Method 1133C: 1997; (V) 


BSI BS EN 12119 1997 Plastics Piping Systems—Polyethylene (PE) 
Valves—Test Method for Resistance to Thermal 
Cycling. Also Numbered as BS 2782: Part 11: Method 
1133E: 1997; (V) 


BSI BS EN 28233 1992 Thermoplastics Valves- Torque-Test Method (ISO 
8233: 1988) (Also numbered BS 2782: Part 11: Method 
1131: 1992) 


BSI BS EN 28659 1992 Thermoplastics Valves-Fatigue Strength-Test 
Method (ISO 8659: 1989) (Also Numbered BS 2782: 
Part 11: Method 1132: 1992) 

BSI B EN 60534-1 1993 Amd 1 Industrial-Process Control Valves Part 1: 
Control Valve Terminology and General 
Considerations (IEC 534-1: 1987) (AMD 7815) July 15, 
1993 (Formerly BS 5793: Part 1: 1989) (O) 


BSI BS EN 60534-2-1 1993 Amd 1 Industrial-Process Control Valves Part 2: 
Flow Capacity Section 1: Sizing Equations for 

Incompressible Fluid Flow Under Installed Conditions 
(AMD 7816) July 15, 1993 (Formerly BS 5793: Part 2: 


Section 2.1: 1979. Replaces BS 4740: Part 1: 1971) 

(Q) 

BSI BS EN 60534-2-2 1993 Amd 1 Industrial-Process Control Valves Part 2: 
Flow Capacity Section 2: Sizing Equations for 
Incompressible Fluid Flow Under Installed Conditions 
(AMD 7817) July 15, 1993 (Formerly BS 5793: Section 
2.2: 1981. Replaces BS 4740: Part 2: 1971) (Q) 


BSI BS EN 60534-2-3 1993 Amd 1 Industrial-Process Control Valves Part 2: 
Flow Capacity Section 3: Test Procedures (IEC 534-2-3: 
1983) (AMD 7818) July 15, 1993 (Formerly BS 5793: 
Section 2.3: 1993) (Q) 


BSI BS EN 60534-8-2 1993 Amd 1 Industrial-Process Control Valves Part 8: 
Noise Considerations Section 2: Laboratory 
Measurement of Noise Generated by Hydrodynamic 
Flow Through Control Valves (IEC 534-8-2: 1991) 
(AMD 7819) July 15, 1993 (Formerly BS 5793: Section 
82: 1991) (O) 

BSI BS EN 60534-8-3 1996 Industrial-Process Control Valves Part 8: Noise 
Considerations Section 3: Control Valve Aerodynamic 
Noise Prediction Method (IEC 534-8-3: 1995) (Q) 

BSI BS EN 60534-8-4 1994 Industrial-Process Control Valves Part 8: Noise 
Considerations Section 8.4: Prediction of Noise 
Generated by Hydrodynamic Flow (IEC 534-8-4: 1994) 
(Q) 
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BSI BS EN 60730-2-8 


1995 Automatic Electrical Controls for Household and 
Similar Use Part 2: Particular Requirements Section 
2.8: Electrically Operated Water Valves, Including 
Mechanical Requirements (Partially Replaces BS 3955: 
1986) (L) 


BSI BS EN 60730-2-8 


1995 Amd 1 Automatic Electrical Controls for 
Household and Similar Use Part 2: Particular 
Requirements Section 2.8: Electrically Operated Water 
Valves, Including Mechanical Requirements AMD 
9680; Nov. 15, 1997; Read in Conjunction with BS EN 
60730-1: 1995; (L) 


BSI BS EN ISO 5210 


1996 Industrial Valves—Multi-Turn Valve Actuator 
Attachments Supersedes Section 3 of BS 5840: Part 1: 
1980 and Section 3 of BS 5840: Part 2: 1982 (E) 


BSI BS ISO 4401 


1994 Hydraulic Fluid Power—Four-Port Directional 
Control Valves—Mounting Surfaces (E) 


BSI BS ISO 6263 


1997 Hydraulic Fluid Power—Compensated Flow- 
Control Valves Mounting Surfaces Supersedes BS 6494: 
Part 5: 1989; (E) 
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Numbers 


DIN Standards and Specifications for Pipe, Tube, and Fittings 


Title 


DIN 76 PT2 


Thread Run-Outs and Thread Undercuts for Pipe 
Threads Conforming to ISO 228 Part 1—1984 


DIN 259 PT 1 


Whitworth Pipe Threads: Parallel Internal and Parallel 
External Screw Threads; Nominal Dimensions (Not to 
Be Used for New Design Projects) 


DIN 259 PT 2 


Whitworth Pipe Threads; Parallel Internal and Parallel 
External Screw Threads; Tolerances (Not to Be Used 
for New Design Projects) 


DIN 259 PT 3 


Whitworth Pipe Threads; Parallel Internal and Parallel 
External Screw Threads; Limiting Dimensions (Not to 
Be Used for New Design Projects) 


DIN 431 


Pipe Nuts with Thread in Accordance with DIN ISO 
228 Part 1—1982 


DIN 906 


Hexagon Socket Pipe Plugs—1992 


DIN 909 


Hexagon Head Pipe Plugs—1992 


DIN 1389 PT 1 


Connectors for Water Closets; Dimensions 


DIN 1389 PT2 


Connectors for Water Closets; Principles of 
Construction and Testing 


DIN 1986-4 


Site Drainage Systems; Use of Sewer Pipes and Fittings 
Made of Different Materials 


DIN 1988 PT 3 


Drinking Water Supply Systems; Pipe Sizing (DVGW 
Code of Practice) —1988 


DIN 2406 


Pipelines; Symbols; Pipe Classes—1968 


DIN 2559 PT 1 


Edge Preparation for Welding; Directions Regarding 
Edge Forms; Fusion Welding of Butt Joints in Steel 
Tubes 


DIN 2559 PT 2 


Edge Preparation for Welding; Matching of Inside 
Diameter for Circumferential Welds on Seamless 
Pipes 


DIN 2559 PT 3 


Weld Preparation; Inside Diameters of Steel Pipes 
Required for Circumferential; Butt Welding 


DIN 3567 


Pipe Brackets for NW 20 to 500—1963 


DIN 3568 


Clamping Plates for the Suspension of Pipes on I and 
IP Steel Beams 


DIN 3570 


Steel Strap for Tubes of NW 20 to 500 


DIN 3575 


Hanger Straps with Welding End for Pipe Hanging— 
1962 


DIN 3853 


Solderless and Soldered Pipe Unions; Threaded Ends 
for Union Nuts; Design Sheets—1982 


DIN 3858 


Whitworth Pipe Threads for Pipe Couplings; Parallel 
Internal Threads and Taper External Threads; Thread 
Dimensions—1988 


DIN 3861 


Solderless Pipe Unions; Cutting Rings; Design and 
Type W Bore Shape—1982 
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DIN 3867 


Solderless Pipe Unions with Cutting Ring; Thrust 
Collars for Butt Joints—1982 


DIN 3870 


Soldered and Solderless Pipe Couplings; Coupling 
Nuts—1985 


DIN 3872 


Solderless Pipe Couplings with Cutting Ring; Coupling 
Nuts for Butt Joints—1985 


DIN 3904 


Olive Type Compression Couplings; Male Stud 
Elbows 


DIN 3907 


Olive Type Compression Couplings; Male Stud Tees 
(Stud Branch) 


DIN 3908 


Solderless Compression Couplings with Olive; Equal 
Tees 


DIN 3911 


Solderless Compression Couplings with Olive; Elbow 
Bulkhead Compression Couplings 


DIN 3914 


Olive Type Compression Couplings; Male Stud Tees 
(Stud Run) 


DIN 3952 


Solderless Compression Couplings with Olive; Male 
Stud Elbow Assemblies 


DIN 3953 


Solderless Compression Couplings with Olive; Male 
Stud Tee (Stud Branch) Assemblies 


DIN 3954 


Solderless Compression Couplings with Olive; Male 
Stud Tee (Stud Run) Assemblies 


DIN 4060 


Elastomer Seals for Pipe Joints in Drain and Sewers; 
Requirements and Testing—1988 


DIN 4922 PT 1 


Steel Filter Pipes for Drilled Wells with Slot 
Perforation and Fishing; (Butt Strap Joint) 


DIN 4941 


Screw Threads for Drill Pipes for Seamless Drill 
Pipes for Water and Rock Drillings According to the 
Percussion Drilling and Core Drilling Method 


DIN 7632 


Compression Couplings with Spherical Liner; 
Reducers 


DIN 7639 


Compression Couplings with Spherical Liner; Equal 
Tees 


DIN 8975 PT 9 


Refrigeration Plants; Safety Principles for Design, 
Equipment and Installation; Flexible Pipe Elements in 
the Refrigerant Circuit 


DIN 16928 


Pipes of Thermoplastic Materials; Pipe Joints, Elements 
for Pipes, Laying; General Directions—1979 


DIN 16962 PT 1 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines Types 1 and 2; Bends of 
Segmental Construction for Butt-Welding; 
Dimensions—1980 
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DIN 16962 PT 2 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
Polypropylene (PP) Pressure Pipes; Tees and Branches 
Produced by Segment Inserts and Necking for Butt 
Welding; Dimensions—1983 


DIN 16962 PT 3 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines; Types 1 and 2; Bends Formed from 
Pipe for Butt-Welding; Dimensions—1980 


DIN 16962 PT 5 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
Polypropylene (PP) Pressure Pipes; General Quality 
Requirements and Testing—1989 


DIN 16962 PT 6 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines; Types 1 and 2; Injection Moulded 
Elbows for Socket-Welding; Dimensions—1980 


DIN 16962 PT 7 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines; Types 1 and 2; Injection Moulded 
Tee Pieces for Socket-Welding; Dimensions—1980 


DIN 16962 PT 8 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines; Types 1 and 2; Injection Moulded 
Sockets and Caps for Socket-Welding; Dimensions— 
1980 


DIN 16962 PT 9 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
Polypropylene (PP) Pressure Pipes; Injection Moulded 
Reducers and Nipples for Socket Welding; 
Dimensions—1983 


DIN 16962 PT 10 


Pipe Joint Assemblies and Fittings for Types 1 to 3 
Polypropylene (PP) Pressure Pipes; Injection-Moulded 
Fittings for Butt Welding; Dimensions—1989 


DIN 16962 PT 11 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines; Types 1 and 2; Turned and 
Pressed Reducing Sockets for Butt- Welding; 
Dimensions—1980 


DIN 16962 PT 13 


Pipe Joint Assemblies and Fittings for Type 1 and 
Type 2 Polypropylene (PP) Pressure Pipes; Pipe 
Couplings; Dimensions—1987 


DIN 16963 PT 1 


Pipe Joints and Elements for High Density 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Pipe Bends of Segmental Construction for Butt- 
Welding; Dimensions—1980 


DIN 16963 PT 2 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
High Density Polyethylene (HDPE) Pressure Pipes; 
Tees and Branches Produced by Segment Inserts and 
Necking for Butt Welding; Dimensions—1983 


DIN 16963 PT 3 


Pipe Joints and Elements for High Density 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Pipe Bends for Butt-Welding; Dimensions—1980 
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DIN 16963 PT 5 


Pipe Joint Assemblies and Fittings for High Density 
Polyethylene (PE-HD) Pressure Pipes; General Quality 
Requirements and Testing—1989 


DIN 16963 PT 6 


Pipe Joint Assemblies and Fittings for High Density 
Polyethylene (PE-HD) Pressure Pipes; Injection- 
Moulded Fittings for Butt Welding; Dimensions—1989 


DIN 16963 PT 7 


Pipe Joints Assemblies and Fittings for High Density 
Polyethylene (PE-HD) Pressure Pipes; Fittings for 
Resistance Welding; Dimensions—1989 


DIN 16963 PT 8 


Pipe Joints and Elements for High Density 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Injection-Moulded Elbows for Socket-Welding; 
Dimensions—1980 


DIN 16963 PT 9 


Pipe Joints and Elements for High Density 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Injection-Moulded Tee Pieces for Socket- Welding, 
Dimensions—1980 


DIN 16963 PT 10 


Pipe Joints and Elements for High Density 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Injection-Moulded Sockets and Caps for Socket- 
Welding; Dimensions—1980 


DIN 16963 PT 13 


Pipe Joints and Elements for High Pressure 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Turned and Pressed Reducing Sockets for Butt- 
Welding; Dimensions—1980 


DIN 16963 PT 14 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
High-Density Polyethylene (HDPE) Pressure Pipes; 

Injection Moulded Reducers and Nipples for Socket 
Welding; Dimensions—1983 


DIN 16963 PT 15 


Pipe Joint Assemblies and Fittings for High-Density 
Polyethylene (PE-HD) Pressure Pipes; Pipe Couplings; 
Dimensions—1987 


DIN 16966 PT 1 


Glass Fibre Reinforced Polyester Resin (UP-GF) Pipe 
Fittings and Joint Assemblies; Fittings: General Quality 
Requirements and Testing—1988 


DIN 16966 PT 2 


Glass Fibre Reinforced Polyester Resin (UP-GF) Pipe 
Fittings and Joints; Elbows; Dimensions—1982 


DIN 16966 PT 4 


Glass Fibre Reinforced Polyester Resin (UP-GF) 
Pipe Fittings and Joints; Tees; Nozzles; Dimensions— 
1982 


DIN 16966 PT 5 


Glass Fibre Reinforced Polyester Resin (UP-GF) Pipe 
Fittings and Joints; Reducers; Dimensions—1982 


DIN 16966 PT 8 


Glass Fibre Reinforced Polyester Resin (UP-GF) Pipe 
Fittings and Joints; Laminated Joints; Dimensions— 
1982 


INTERNATIONAL STANDARDS AND SPECIFICATIONS E.159 


TABLE E10.D1 DIN Standards and Specifications for Pipe, Tube, and Fittings 


(Continued) 


Numbers 


Title 


DIN 16970 


Adhesives for Bonding Pipes and Pipe System 
Elements of Rigid PVC; General Quality 
Requirements and Testings—1970 


DIN 19532 


Pipelines of Unplasticized Polyvinyl Chloride (Rigid 
PVC, PVC-U) for Drinking Water Supply; Pipes; 
Pipe Joints; Pipeline Parts; DVGW Technical Rule— 
1979 


DIN 19559 PT1 


Measurement of Flow of Waste Water in Open Channels 
and Gravity Conduits; General Information 


DIN 28065 


Thermal Shock Resistance of Enamelled Steel 
Appliances and Pipe Fittings for Process Engineering 
Applications— 1993 


DIN 86041 PT 1 


Welding Flanges for Tanks and Sea Boxes; Nominal 
Pressure 10 and 16 


DIN EN 253 


Preinsulated Bonded Pipe Systems for Underground 
Hot Water Networks; Pipe Assemblies of Steel Service 
Pipes, Polyurethane Thermal Insulation and 
Polyethylene Outer Casing—1994 


DIN EN 448 


Preinsulated Bonded Pipe Systems for Underground 
Hot Water Networks; Fitting Assemblies of Steel 
Service Pipes, Polyurethane Thermal Insulation and 
Polyethylene Outer Casing—1994 


DIN EN 476 


General Requirements for Components Used in 
Discharge Pipes, Drains and Sewers for Gravity 
Systems; Supersedes DIN 19543: 1982-08, DIN 19549: 
1989-02, DIN 19550: 1987-10 and DIN 19550-2: 
1990-05 


DIN EN 489 


Preinsulated Bonded Pipe Systems for Underground 
Hot Water Networks; Joint Assemblies for Steel 
Service Pipes with Polyurethane Thermal Insulation 
and Polyethylene Outer Casing—1994 


DIN EN 681-1 


Materials Requirements for Elastomeric Pipe Joint 
Seals Used in Water and Drainage Applications; 
Vulcanized Rubber—1996; Supersedes Parts of DIN 
4060, December 1988 Edition 


DIN EN 911 


Elastomeric Sealing Ring Type Joints and Mechanical 
Joints for Thermoplastics Pressure Piping; Test Method 
for Leaktightness under External Hydrostatic 
Pressure—1995 


DIN EN 1277 


Thermoplastics Piping Systems for Buried Non- 
Pressure Applications; Test Methods for Leaktightness 
of Elastomeric Sealing Ring Type Joints—1996 


DIN EN 1716 


Polyethylene (PE) Tapping Tees; Test Method for 
Impact Resistance of an Assembled Tapping Tee 
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DIN EN 10242 


Threaded Pipe Fitting in Malleable Cast Iron English 
Version of DIN EN 10242 (Supersedes DIN 2950, 
April 1983 Edition)—1995 


DIN 1478 


Turnbuckles Made from Steel Tube or Round Steel 
Bar—1975 


DIN 7340 


Tubular Rivets; Made from Tube—1993 


DIN 28187 


Tube-To-Tube-Sheet Joints in Tubular Heat 
Exchangers—1991 


DIN 52613 


Thermal Insulation Testings; Determination of Thermal 
Conductivity by the Tube Method—1977 


DIN EN 754-1 


Aluminium and Aluminium Alloy Cold Drawn Rod/ 
Bar and Tube Part 1: Technical Conditions for 
Inspection and Delivery—1997; Together with DIN 
755-1 Supersedes DIN 1746-2 and DIN 1747-2 


DIN EN 754-2 


Aluminium and Aluminium Alloy Cold Drawn Rod/ 
Bars and Tube Part 2: Mechanical Properties—1997; 
Together with DIN 755-2 Supersedes DIN 1746-1 and 
1747-1 


DIN EN 754-3 


Aluminium and Aluminium Alloy Cold Drawn Rod/ 
Bar and Tube; Round Bars: Tolerances on Dimensions 
and Form; (Supersedes DIN 1798, September 1986 
Edition) —1996 


DIN EN 754-4 


Aluminium and Aluminium Alloy Cold Drawn Rod/ 
Bar and Tube; Square Bars: Tolerances on Dimensions 
and Form; (Supersedes DIN 1796, September 1986 
Edition)—1996 


DIN EN 754-5 


Aluminium and Aluminium Alloy Cold Drawn Rod/ 
Bar and Tube; Rectangular Bars: Tolerances on 
Dimensions and Form; (Supersedes DIN 1769, 
September 1986 Edition)—1996 


DIN EN 754-6 


Aluminium and Aluminium Alloy Cold Drawn Rod/ 
Bar and Tube; Hexagonal Bars: Tolerances on 
Dimensions and Form; (Supersedes DIN 1797, 
September 1986 Edition)—1996 


DIN EN 755-1 


Aluminium and Aluminium Alloy Extruded Rod/Bar, 
Tube and Profiles Part 1: Technical Conditions for 
Inspection and Delivery—1997; Replaces DIN 1748-2 
February 1983; and Together with DIN EN 754-1 
August 1997 Replaces DIN 1746-2 and 1747-2 
February 1983 


DIN EN 7552 


Aluminium and Aluminium Alloy Extruded Rod/Bar, 
Tube and Profiles Part 2: Mechanical Properties— 
1997; Supersedes DIN 1748-1 February 1983; 
Together with DIN EN 754-2 August 1997 Supersedes 
DIN 1746-1 January 1987 and DIN 1747-1 February 
1983 
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DIN EN 755-3 Aluminium and Aluminium Alloy Extruded Rod/Bar, 
Tube and Profiles; Round Bars: Tolerances on 
Dimensions and Form—1995 (Supersedes DIN 1799, 
September 1986 Edition) 


DIN EN 755-4 Aluminium and Aluminium Alloy Extruded Rod/Bar, 
Tube and Profiles; Square Bars: Tolerances on 
Dimensions and Form—1995 (Supersedes DIN 59700, 
August 1986 Edition) 


DIN EN 755-5 Aluminium and Aluminium Alloy Extruded Rod/Bar, 
Tube and Profiles; Rectangular Bars: Tolerances on 
Dimensions and Form—1995 (Supersedes DIN 1770, 
September 1987 Edition) 

DIN EN 755-6 Aluminium and Aluminium Alloy Extruded Rod/Bar, 
Tube and Profiles; Hexagonal Bars: Tolerances on 
Dimensions and Form—1995 (Supersedes DIN 59701, 
August 1986 Edition) 

DIN EN 10232 Metallic Materials; Tube (In Full Section) Bend Test— 
1994 
DIN EN 10233 Metallic Materials; Tube Flattening Test—1994 
(Supersedes DIN 50136, June 1979 Edition) 

DIN EN 10234 Metallic Materials; Tube Drift Expanding Test—1994 
(Supersedes DIN 50135, August 1965 Edition) 


DIN EN 10235 Metallic Materials; Tube Flanging Test—1994 
(Supersedes DIN 50139, November 1965 Edition) 


DIN EN 10236 Metallic Materials; Tube Ring Expanding Test—1994 
(Supersedes DIN 50137, June 1979 Edition) 


DIN EN 10237 Metallic Materials; Tube Ring Tensile Test—1994 
(Supersedes DIN 50138, May 1979 Edition) 


DIN 1230 PT 1 (W) Vitrified Clayware for Sewers; Socket Pipes and 
Fittings; Dimensions (Intended to be Superseded by 
DIN EN 295-4, May 1995 Edition) 


DIN 1230 PT 2 (W) Vitrified Clayware for Sewers; Socket Pipes and 
Fittings; Technical Delivery Conditions 


DIN 1230 PT 6 (W) Clayware for Sewerage; Pipes and Fittings without 
Sockets; Dimensions (Intended to be Superseded by 
DIN EN 295-4, May 1995 Edition) 


DIN 1230 PT 7 (W) Clayware for Sewerage; Pipes and Fittings without 
Sockets; Technical Delivery Conditions 


DIN 2353 Compression Fittings and Couplings—1991 


DIN 2470 PT 1 Steel Gas Pipelines for Permissible Working Pressures 
up to 16 Bar; Pipes and Fittings—1987 

DIN 2605-2 Steel Butt-Welding Pipe Fittings Part 2: Elbows and 
Bends for Use at Full Service Pressure—1995 


DIN 2605 PT 1 Steel Butt-Welding Pipe Fittings; Elbows and Bends 
with Reduced Pressure Factor—1991 
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DIN 2609 


Steel Butt-Welding Pipe Fittings; Technical Delivery 
Conditions—1991 


DIN 2614 


Cement Mortar Linings for Ductile Iron and Steel 
Pipes and Fittings; Application, Requirements and 
Testing—1990; Superseded in Part By DIN EN 545, 
January 1995 Edition 


DIN 2615 PT 1 


Steel Butt-Welding Pipe Fittings; Tees with Reduced 
Pressure Factor—1992; Together with DIN 2615 Part 2, 
May 1992 Edition, Supersedes DIN 2615, June 1964 
Edition 


DIN 2615 PT 2 


Steel Butt-Welding Pipe Fittings; Tees for Use at Full 
Service Pressure—1992; Together with DIN 2615 Part 
1, May 1992 Edition, Supersedes DIN 2615, June 1964 
Edition 


DIN 2616 PT 1 


Steel Butt-Welding Pipe Fittings; Eccentric Reducers 
with Reduced Pressure Factor—1991 


DIN 2616 PT 2 


Steel Butt-Welding Pipe Fittings; Reducers for Use at 
Full Service Pressure—1991 


DIN 2617 


Steel Butt-Welding Pipe Fittings; Caps—1991 


DIN 2618 


Butt-Welding Steel Fittings; Welding Saddles; Nominal 
Pressure 16—1968 


DIN 2619 


Butt-Welding Steel Fittings; Bends for Welding; 
Nominal Pressure 16—1968 


DIN 2826 


Clamp Type Coupling Assemblies for Use with DN 15 
to DN 50 Steam and Hot Water Hoses Rated For 
Pressures up to 18 Bar 


DIN 2848 


Lined Steel Flanged Pipes and Steel or Cast Iron 
Flanged Fittings Rated for a Pressure of 10 Bar (PN 
10)—1993; Supersedes July Edition and DIN 2848 
Parts 10 to 12, January 1982 Editions 


DIN 2856 


Capillary Solder Fittings; Assembly Dimensions and 
Testing 


DIN 2873 


Enamelled Steel Flanged Pipes and Fittings Rated for 
10 Bar (PN 10)—1993 


DIN 2874 


Steel Flanged Pipes and Steel and Cast Iron Flanged 
Fittings Lined with PTFE or PFA; Technical Delivery 
Condition—1993 


DIN 2875 


Steel Flanged Pipes and Flanged Fittings Lined with 
Soft or Hard Rubber; Technical Delivery Conditions— 
1993 


DIN 2876 


Enamelled Steel Flanged Pipes and Fittings; Technical 
Delivery Conditions—1993 


DIN 2950 


Malleable Cast Iron Fittings 


DIN 2980 


Screwed Steel Pipe Fittings—1977 
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DIN 2981 Threaded Steel Pipe Fittings; Fittings with Long Screw 
Thread—1982 


DIN 2982 Screwed Steel Pipe Fittings; Parallel Nipples; Taper 
Nipples—1977 

DIN 2983 Screwed Steel Pipe Fittings; Bends—1977 

DIN 2986 Threaded Steel Pipe Fittings; Sockets—1977 
DIN 2987 PT 1 Threaded Steel Pipe Fittings; Crosses, Tees, Elbows— 
1977 
DIN 2987 PT 2 Threaded Steel Pipe Fittings; Reducing Tees and 
Elbows—1977 


DIN 2988 Reducing Sockets; Threaded Steel Pipe Fittings— 
1977 


DIN 2990 Threaded Steel Pipe Fittings; Hexagon Nipples; 
Bushings—1977 

DIN 2991 Threaded Steel Pipe Fittings; Plugs, Caps—1977 
DIN 2993 Threaded Steel Pipe Fittings; Pipe Unions—1977 


DIN 2999 PT 1 Pipe Threads for Tubes and Fittings; Parallel Internal 
Thread and Taper External Thread; Thread 
Dimensions—1983 

DIN 2999 PT 2 Whitworth Pipe Threads for Tubes and Fittings; 
Cylindrical Internal Thread and Conical External 
Thread; Gauging System and Use of Gauges—1973 


DIN 2999 PT 3 Whitworth Pipe Threads for Tubes and Fittings; Gauge 
Dimensions—1973 


DIN 2999 PT 4 Pipe Threads for Tubes and Fittings; Sizes for Taper 
Screw Limit Plug Gauges for Parallel Internal Thread— 
1986 

DIN 2999 PT 5 Whitworth Pipe Threads for Tubes and Fittings; 
Cylindrical Screw Limit Ring Gauges for Gauging 
Conical External Threads; Sizes—1973 

DIN 2999 PT 6 Whitworth Pipe Threads for Tubes and Fittings; 
Conical Screw Check Plugs; Sizes—1975 


DIN 3871 Male Fittings for Use with Compression Couplings— 
1995 


DIN 3942 Compression Fittings and Couplings; Swivel Type Male 
Stud Elbows with 24 Degree Cone and O-Ring and 
with Type W Port as in DIN 3861—1994 


DIN 3943 Compression Fittings and Couplings; Swivel Type Male 
Stud Tees (Stud Branch) with 24 Degree Cone and 
O-Ring and with Type W Port as in DIN 3861—1994 


DIN 3944 Compression Fittings and Couplings; Swivel Type Male 
Stud Tees (Stud Run) with 24 Degree Cone and 
O-Ring and with Type W Port as in DIN 3861—1994 
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DIN 3945 


Compression Fittings and Couplings; Swivel Type 
Adaptors with 24 Degree Cone and O-Ring and with 
Type W Port as in DIN 3861—1994 


DIN 4032 


Concrete Pipes and Fittings; Dimensions; Technical 
Conditions of Delivery —1981 


DIN 7591 


Water Fittings for Domestic Installation; Screwed 
Unions with Flat Gasket for Hose Connection on 
Either Side, Designed for Nominal Pressure 10—1981 


DIN 7593 


Water Fittings for Domestic Installation; Screwed 
Unions with Flat Gasket for Connection to Copper 
Tube on Either Side, Designed for Nominal Pressure 
10—1981 


DIN 8063 PT 1 


Pipe Joint Assemblies and Fittings for Unplasticized 
Polyvinyl Chloride (U-PVC) Pressure Pipelines; 
Dimensions of Socket Bends—1986 


DIN 8063 PT 2 


Pipe Joints and Pipe Fittings for Pipes Under Pressure 
Made of Unplasticized Polyvinyl Chloride (Rigid 
PVC); Bends Made by Injection Moulding for 
Bonding; Dimensions— 1980 


DIN 8063 PT 3 


Pipe Joints and Pipe Fittings for Pipes Under Pressure 
Made of Unplasticized Polyvinyl Chloride (Rigid 
PVC); Screwed Pipe Joints; Dimensions—1980 


DIN 8063 PT 4 


Pipe Joint Assemblies and Fittings for Unplasticized 
Polyvinyl Chloride (PVC-U) Pressure Pipes; Bushings, 
Flanges, Seals, Dimensions— 1983 


DIN 8063 PT 5 


Pipe Joint Assemblies and Fittings for Unplasticized 
Polyvinyl Chloride (PVC-U) Pressure Pipes; General 
Ouality Requirements and Testing—1990 


DIN 8063 PT 6 


Pipe Joints and Pipe Fittings for Pipes Under Pressure 
Made of Unplasticized Polyvinyl Chloride (Rigid 
PVC); Injection Moulded Elbows for Bonding; 
Dimensions—1980 


DIN 8063 PT 8 


Pipe Joints and Pipe Fittings for Pipes Under Pressure 
Made of Unplasticized Polyvinyl Chloride (Rigid 
PVC); Injection Moulded Sockets, Caps and Nipples 
for Bonding; Dimensions—1980 


DIN 8063 PT 11 


Pipe Joints and Pipe Fittings for Pipes Under Pressure 
Made of Unplasticized Polyvinyl Chloride (Rigid 
PVC); Sockets with Primary Element of Copper-Zinc 
Alloy (Brass) for Bonding; Dimensions—1980 


DIN 8063 PT 12 


Pipe Joint Assemblies and Fittings for Unplasticized 
Polyvinyl Chloride (U-PVC) Pressure Pipelines; 
Dimensions of Flanged and Socket Fittings—1987 


DIN 8076 PT 1 


Thermoplastics Pressure Pipelines; Metal Compression 
Fittings for Polyethylene (PE) Pipes; General Ouality 
Requirements; Testing—1984 
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DIN 8906 


PN 40 Flared Flange Solderless Compression Couplings 
for Use in Refrigerating Systems 


DIN 8912 


Coupling Nuts and Screwed Plugs for Use with PN 40 
Flared Flange Solderless Compression Couplings in 
Refrigerating Systems 


DIN 8914 


90 Degree Tapered Seal Rings and Caps for Use with 
PN 40 Flared Flange Solderless Compression Couplings 
in Refrigerating Systems 


DIN 16450 


Nomenclature and Symbols for Fittings for Use with 
Unplasticized Polyvinyl Chloride (PVC-U) Pressure 
Pipes—1994 


DIN 16451 PT 1 


Ductile Iron (GGG) Fittings for Use with 
Unplasticized Polyvinyl Chloride (PVC-U) Pressure 
Pipes; Technical Delivery Conditions—1994 


DIN 16451 PT 2 


Ductile Iron (GGG) Fittings for Use with 
Unplasticized Polyvinyl Chloride (PVC-U); Pressure 
Pipes; Dimensions—1994 


DIN 16867 


Glass Fibre Reinforced Polyester Resin (UP-GF) 
Pipes, Fittings and Joints for Use in Chemical 
Pipelines; Technical Delivery Conditions—1982 


DIN 16961 PT 1 


Thermoplastics Pipes and Fittings with Profiled Outer 
and Smooth Inner Surfaces; Dimensions—1989 


DIN 16961 PT 2 


Thermoplastics Pipes and Fittings with Profiled Outer 
and Smooth Inner Surfaces; Technical Delivery 
Conditions—1989 


DIN 16967 PT 2 


Glass Fibre Reinforced Epoxy Resin (EP-GF) Pipe 
Fittings and Joints; Elbows; Tees; Dimensions—1982 


DIN 19522 PT 1 


Cast Iron Spigot (SML) Drainpipes and Fittings; 
Dimensions—1983 


DIN 19522 PT 2 


Cast Iron Spigot (SML) Drainpipes and Fittings; 
Technical Delivery Conditions—1983 


DIN 19530 PT 1 


Steel Socket Pipes and Fittings for Sewers; 
Dimensions—1983 


DIN 19530 PT 2 


Steel Socket Pipes and Fittings for Sewers; Technical 
Delivery Conditions—1983 


DIN 19531 


Unplasticized Polyvinyl Chloride (PVC-U) Socket 
Pipes and Fittings for Discharge Systems Inside 
Buildings; Dimensions and Technical Delivery 
Conditions—1987 


DIN 19535 PT 1 


High Density Polyethylene (HDPE) Pipes and Fittings 
for Hot-Water Resistant Drains and Sewers Inside 
Buildings; Dimensions—1988 (Together with DIN 
19535 Part 2, April 1987 Edition, Supersedes DIN 
19535, March 1977 Edition, Withdrawn in January 
1986) 
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DIN 19535 PT 2 


High Density Polyethylene (HDPE) Pipes and Fittings 
for Hot-Water Resistant (HT) Drains and Sewers 
Inside Buildings; Technical Delivery Conditions—1987 
(Supersedes Parts of the March 1977 Edition of DIN 
19535, Withdrawn in January 1986) 


DIN 19537 PT 1 


High Density Polyethylene (HDPE) Pipes and Fittings 
for Drains and Sewers; Dimensions—1983 


DIN 19537 PT 2 


High Density Polyethylene (HDPE) Pipes and Fittings 
for Drains and Sewers; Technical Delivery Conditions— 
1988 


DIN 19538 


Chlorinated Polyvinyl Chloride (CPVC) Pipes and 
Fittings with Sockets for Hot Water Resistant (HT) 
Sanitary Pipework Inside Buildings; Dimensions, 
Technical Delivery Conditions—1980 


DIN 19565 PT 1 


Centrifugally Cast and Filled Polyester Resin Glass 
Fibre Reinforced (UP-GF) Pipes and Fittings for 
Buried Drains and Sewers; Dimensions and Technical 
Delivery Conditions—1989; Partially Superseded by 
DIN EN 1115-3, November 1996 Edition, and DIN EN 
1115-5, November 1996 Edition 


DIN 19800 PT 1 


Asbestos Cement Pipes and Fittings for Pressure 
Pipelines; Pipes; Dimensions— 1973 


DIN 19800 PT 3 


Asbestos Cement Pipes and Fittings for Pressure 
Pipelines; Joint Assemblies; Dimensions—1979 


DIN 19850-1 


Fibre Cement Pipes and Fittings for Drains and 
Sewers; Part 1: Dimensions of Pipes, Branches and 
Bends—1996 


DIN 24147 PT 1 


Fittings for Use in Air Distribution Systems; Overview 
and Dimensions—1993 


DIN 24147 PT 2 


Fittings for Use in Air Distribution Systems; Bends 


DIN 24147 PT 3 


Fittings for Use in Air Distribution Systems; Gusseted 
Bends 


DIN 24147 PT 4 


Fittings for Use in Air Distribution Systems; Tapers 


DIN 24147 PT 6 


Fittings for Use in Air Distribution Systems; 90 
Degree and 45 Degree Branches (Tees and Angled 
Branches) 


DIN 24147 PT 7 


Fittings for Use in Air Distribution Systems; Reducers 
with 90 Degree Branch and Crosses (June) 


DIN 28600 


Ductile Iron Pressure Pipes and Fittings for Gas 

and Water Pipelines; Technical Delivery Conditions— 
1983 (Superseded in Part by DIN EN 545, January 
1995 Edition, and DIN EN 969, November 1995 
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DIN 28603 Ductile Cast Iron Pipes and Fittings; Spigot and Socket 
Joints; Connecting Dimensions and Masses—1982 


DIN 28624 Ductile Iron Collars for Use with Gas and Water 
Pipes; Dimensions and Mass (Superseded in Part 
by DIN EN 545, and DIN EN 969, November 1995 
Edition) 

DIN 28631 Ductile Iron Spigot and Socket Fittings with Branch 
for Gas and Water Pipelines; Dimensions and 
Requirements—1996 


DIN 28633 Ductile Iron Double Spigot Fittings with Branch for 
Gas and Water Pipelines; Dimensions and 
Requirements—1996 


DIN 28645 Ductile Iron Double-Flanged Tapers for Use with 
Gas and Water Pipes; Dimensions and Mass 
(Superseded in Part by DIN EN 545, January 
1995 Edition, and DIN EN 969, November 1995 
Edition) 

DIN 30670 Polyethylene Coatings for Steel Pipes and Fittings; 
Requirements and Testing—1991 (Supersedes July 
1980 Edition) 


DIN 30673 Bitumen Coatings and Linings for Steel Pipes, Fittings 
and Vessels—1986 


DIN 53769 PT 1 Testing of Glass Fibre Reinforced Plastics Pipes; 
Determination of the Longitudinal Shear Strength of 
Type B Pipe Fittings—1988 

DIN 53769 PT 6 Testing of Glass Fibre Reinforced Plastics Pipes; 
Testing of Pipes and Fittings Under Pulsating Internal 
Pressure—1989 


DIN 86086 Copper-Nickel Alloy Welding Pipe Fittings; Technical 
Delivery Conditions—1990 


DIN EN 295-4 Vitrified Clay Pipes and Fittings and Pipe Joints for 
Drains and Sewers; Requirements for Special Fittings, 
Adaptors and Compatible Accessories—1995 (Intended 
to Supersede DIN 1230 PT 1 and DIN 1230 PT 6, 
February 1992 Editions) 

DIN EN 295-6 Vitrified Clay Pipes and Fittings and Pipe Joints for 
Drains and Sewers; Requirements for Vitrified Clay 
Manholes—1995 (Supersedes DIN 1230 PT 9, 
November 1990 Edition) 

DIN EN 295-7 Vitrified Clay Pipes and Fittings and Pipe Joints for 
Drains and Sewers; Requirements for Vitrified Clay 
Pipes and Joints for Pipe Jacking—1995 

DIN EN 295 PT 5 Vitrified Clay Pipes and Fittings and Pipe Joints for 
Drains and Sewers; Requirements for Perforated 
Vitrified Clay Pipes and Fittings—1994 
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DIN EN 545 


Ductile Iron Pipes, Fittings, Accessories and Their 
Joints for Water Pipelines; Requirements and Test 
Methods—1995 (Supersedes Parts of DIN 2614, 
February 1990 Edition, DIN 28600 and DIN 28610 PT 
1 January 1983 Editions, DIN 28614, DIN 28615 PT 1, 
DIN 28615 PT 2, DIN 28622, DIN 28623, DIN 28624, 
DIN 28625, DIN 28626, DIN 28628, DIN 28629, DIN 
28630, DIN 28632, DIN 28634, DIN 28637, DIN 28638) 


DIN EN 578 


Plastics Piping Systems; Plastics Pipes and Fittings; 
Determination of the Opacity—1993 


DIN EN 588-1 


Fibre-Cement Pipes for Drains and Sewers; Pipes, 
Joints and Fittings for Gravity Systems—1996 


DIN EN 598 


Ductile Iron Pipes, Fittings, Accessories and Their 

Joints in Sewerage Applications; Requirements and 
Test Methods—1994 (Supersedes DIN 19690, DIN 
19691, DIN 19692 PT 1, and DIN 19692 PT 2, July 
1978 Editions) 


DIN EN 607 


PVC-U Eaves Gutters and Fittings; Definitions, 
Requirements and Testing—1995 (Supersedes DIN 
18469 May 1988 Edition) 


DIN EN 639 


Requirements for Concrete Pressure Pipes Including 
Joints and Fittings—1994 (Together with DIN EN 640, 
December 1994 Edition, Supersedes DIN 4035, July 
1990 Edition) 


DIN EN 640 


Reinforced Concrete Pressure Pipes and Distributed 
Reinforcement Concrete Pressure Pipes (Non-Cylinder 
Type), Including Joints and Fittings—1994 (Together 
with DIN EN 639, December 1994 Edition, Supersedes 
DIN 4035, July 1990 Edition) 


DIN EN 641 


Reinforced Concrete Pressure Pipes, Cylinder Type, 
Including Joints and Fittings—1994 


DIN EN 642 


Prestressed Concrete Pressure Pipes, Cylinder and 
Non-Cylinder Types, Including Joints, Fittings and 
Specific Requirements for Prestressing Steel for Pipes— 
1994 


DIN EN 705 


Glass-Reinforced Thermosetting Plastics (GRP) Pipes 
and Fittings; Methods for Regression Analyses and 
Their Use—1994 


DIN EN 713 


Mechanical Joints Between Fittings and Polyolefin 
Pressure Pipes; Test Method for Leaktightness Under 
Internal Pressure of Assemblies Subjected to Bending— 
1994 


DIN EN 714 


Not End-Loadbearing Elastomeric Sealing Ring Type 
Joints Between Thermoplastic Pressure Pipes and 
Fittings; Test Method for Leaktightness Under Internal 
Hydrostatic Pressure without End Thrust—1994 
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DIN EN 715 End-Load Bearing Joints Between Small Diameter 
Thermoplastics Pressure Pipes and Fittings; Test 
Method for Leaktightness Under Internal Water 
Pressure, Including End Thrust—1994 


DIN EN 723 Combustion Method for Determination of Carbon on 


the Inner Surface of Copper Tubes or Fittings— 
1996 


DIN EN 727 Thermoplastics Pipes and Fittings; Determination of 
Vicat Softening Temperature (VST)—1995 


DIN EN 728 Plastics Piping and Ducting Systems; Polyolefin Pipes 


and Fittings; Determination of Oxidation Induction 
Time—1997 


DIN EN 763 Injection-Moulded Thermoplastics Pipe Fittings; Test 
Method for Visually Assessing Effects of Heating— 
1994 


DIN EN 802 Injection-Moulded Thermoplastics Fittings for Pressure 
Piping Systems; Test Method for Maximum 
Deformation by Crushing—1994 


DIN EN 803 Injection-Moulded Thermoplastics Fittings for Elastic 
Sealing Ring Type Joints for Pressure Piping; Test 
Method for Resistance to a Short-Term Internal 
Pressure without End Thrust—1994 


DIN EN 804 Injection-Moulded Plastics Socket Fittings for Solvent- 
Cemented Joints for Pressure Piping; Test Method for 
Resistance to a Short-Term Internal Hydrostatic 
Pressure—1994 


DIN EN 922 Unplasticized Polyvinyl Chloride (PVC-U) Pipes and 
Fittings; Specimen Preparation for Determination of 
the Viscosity Number and Calculation of the K-Value— 
1995 


DIN EN 969 Ductile Iron Pipes, Fittings, Accessories and Their 
Joints for Gas Pipelines; Requirements and Test 
Methods—1995 (Supersedes DIN 28610 PT 2, 
January 1983 Edition, and Parts of DIN 28600 and 
DIN 28610 PT 1, January 1983 Editions, DIN 28614, 
DIN 28615 PT 1, DIN 28615 PT 2, DIN 28622, DIN 
28623, DIN 28624, DIN 28625, DIN 28626, DIN 
28628, DIN 28629, DIN 28630, DIN 28632, DIN 
28634, DIN 28637) 


DIN EN 1056 Plastic Pipe and Fittings; Method for Exposure to 
Direct (Natural) Weathering—1996 


DIN EN 1115-3 Piping Systems for Underground Drainage and 
Sewerage Under Pressure Made of Glass-Reinforced 
Thermosetting Plastics (GRP) Based on Unsaturated 
Polyester (UP) Resin; Fittings—1996; Supersedes Parts 
of DIN 19565-1, March 1989 Edition 
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DIN EN 1119 


Joints for Glass-Reinforced Thermosetting Plastics 
(GRP) Pipes and Fittings; Testing for Leaktightness 
and Resistance to Damage of Flexible and Reduced- 
Articulation Joints—1996 


DIN EN 1120 


Glass-Reinforced Thermosetting Plastics (GRP) Pipes 
and Fittings Determination of the Resistance to 
Chemical Attack from the Inside of a Section in a 
Deflected Condition—1996 


DIN EN 1229 


Glass-Reinforced Thermosetting Plastics (GRP) Pipes 
and Fittings; Test Methods to Prove the Leaktightness 
of the Wall Under Short-Term Internal Pressure— 
1996 


DIN LN 29855 


Fitting Assembly, Ring Locked, for Solderless Pipe 
Fittings with Coupling Sleeves; Flareless; Complete 
Fitting—1974 


DIN LN 29856 


Unions, Ring Locked for Solderless Pipe Fittings with 
Coupling Sleeves; Flareless—1974 


DIN LN 29859 


Unions, Ring Locked for Solderless Pipe Fittings with 
Coupling Sleeves; Flareless; Directions for 
Installation—1974 


DIN 16962 PT 4 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
Polypropylene (PP) Pressure Pipes; Adaptors for 


Fusion Jointing, Flanges and Sealing Elements; 
Dimensions—1988 


DIN 16963 PT 4 


Pipe Joint Assemblies and Fittings for High-Density 
Polyethylene (PE-HD) Pressure Pipes; Adaptors for 
Fusion Jointing, Flanges and Sealing Elements; 
Dimensions—1988 


DIN 16966 PT 6 


Glass Fibre Reinforced Polyester Resin (UP-GF) Pipe 
Fittings and Joint Assemblies; Collars, Flanges, Joint 
Rings, Dimensions 
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DIN 2500 Flanges; General Information; Survey—1966 
DIN 2501 PT 1 Flanges; Mating Dimensions—1972 
DIN 2505 (D) Flanged Joint Calculation January 


DIN 2512 Flanges; Tongue and Groove; Nominal Pressures 10 to 
160; Design Sizes; Rings—1975 


DIN 2513 Flanges; Projection and Recess; Nominal Pressures 10 
to 100; Design Dimensions—1966 


DIN 2514 Flanges; Projection with Groove and Recess; Nominal 
Pressures 10 to 40; Design Dimensions— 1975 


DIN 2519 Steel Flanges; Technical Conditions of Delivery—1966 
DIN 2526 Flanges; Types of Contact Surfaces—1975 

DIN 2527 Blank Flanges; Nominal Pressure 6 to 100—1972 

DIN 2528 Steel Flanges; Technical Delivery Conditions—1991 
DIN 2543 Cast Steel Flanges; Nominal Pressure 16—1977 


DIN 2558 Plain Face Oval Screwed Flanges; Nominal Pressure 6— 
1975 


DIN 2561 Oval Screwed Flanges with Socket; Nominal Pressure 
10 and 16—1975 


DIN 2566 Screwed Flanges with Socket; Nominal Pressure 10 and 
16—1975 


DIN 2573 Plain Face Flanges for Brazing or Welding; Nominal 
Pressure 6—1975 


DIN 2576 Flanges, Slip-on Type for Brazing or Welding; Nominal 
Pressure 10—1975 


DIN 2627 Welding Neck Flanges; Nominal Pressure 400—1975 
DIN 2628 Welding Neck Flanges; Nominal Pressure 250—1975 
DIN 2629 Welding Neck Flanges; Nominal Pressure 320—1975 


DIN 2630 Welding Neck Flanges; Nominal Pressure 1 and 2.5— 
1975 


DIN 2631 Welding Neck Flanges; Nominal Pressure 6—1975 
DIN 2632 Welding Neck Flanges; Nominal Pressure 10—1975 
DIN 2633 Welding Neck Flanges; Nominal Pressure 16—1975 
DIN 2634 Welding Neck Flanges; Nominal Pressure 25—1975 
DIN 2635 Welding Neck Flanges; Nominal Pressure 40—1975 
DIN 2636 Welding Neck Flanges; Nominal Pressure 64—1975 
DIN 2637 Welding Neck Flanges; Nominal Pressure 100—1975 
DIN 2638 Welding Neck Flanges; Nominal Pressure 160—1975 


DIN 2641 Lapped Flanges; Welding Neck Flanges; Plain Collars; 
Nominal Pressure 6—1975 


DIN 2642 Slip-on Flanges; Upturned Welding Flanges; Plain 
Collars; Nominal Pressure 10—1975 
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DIN 2655 


Lapped Flanges; Plain Collars; Nominal Pressure 25— 
1975 


DIN 2656 


Lapped Flanges; Plain Collars; Nominal Pressure 40— 
1975 


DIN 2673 


Loose Flanges with Welding Neck; Nominal Pressure 
10—1962 


DIN 2693 


Sealing Rings for Flanges with Groove; Nominal 
Pressures from 10 to 40—1967 


DIN 2695 


Diaphragm Packings and Diaphragm Weld Seals for 
Flanged Connections; Nominal Pressure 64 to 400 


DIN 3337 


Connections for Part-Turn Valve Actuator Attachment; 
Dimensions of Driving Components and Flanges— 
1985 


DIN 6352 PT 1 


Chuck Backplates with 1:4 Locating Taper; Basic 
Flanges—1968 


DIN 8063 PT 4 


Pipe Joint Assemblies and Fittings for Unplasticized 
Polyvinyl Chloride (PVC-U) Pressure Pipes; Bushings, 
Flanges, Seals; Dimensions— 1983 


DIN 16872 


Glass Fibre Reinforced Polyester Resin (UP-GRP) 
Flanges; for Use for Thermoplastics Pipe Fittings; 
Dimensions—1993 


DIN 16962 PT 4 


Pipe Joint Assemblies and Fittings for Types 1 and 2 
Polypropylene (PP) Pressure Pipes; Adaptors for 
Fusion Jointing, Flanges and Sealing Elements; 
Dimensions—1988 


DIN 16962 PT 12 


Pipe Joints and Elements for Polypropylene (PP) 
Pressure Pipelines; Types 1 and 2; Bushes, Flanges and 
Seals for Socket-Welding; Dimensions—1980 


DIN 16963 PT 4 


Pipe Joint Assemblies and Fittings for High-Density 
Polyethylene (PE-HD) Pressure Pipes; Adaptors for 
Fusion Jointing, Flanges and Sealing Elements; 
Dimensions—1988 


DIN 16963 PT 11 


Pipe Joints and Elements for High Density 
Polyethylene (HDPE) Pressure Pipelines; Types 1 and 
2; Bushes, Flanges and Seals for Socket-Welding; 
Dimensions—1980 


DIN 16966-7 


Glass Fibre Reinforced Polyester Resin (UP-GRP) 
Pipe Fittings and Joint Assemblies; Requirements for 
and Testing of Bushes, Flanges, and Flanged and 
Laminated Joints—1995 


DIN 16966 PT 6 


Glass Fibre Reinforced Polyester Resin (UP-GF) Pipe 
Fittings and Joint Assemblies; Collars, Flanges, Joint 
Rings, Dimensions—1982 


DIN 28031 


Flanges for Welding for Use on Unalloyed and 
Stainless Steel Vessels Not Subject to Pressure—1989 
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DIN 28032 Flanges for Welding for Use on Unalloyed Steel 
Pressure Vessels—1989 


DIN 28034 Weld-Neck Flanges for Use on Unalloyed Steel 
Pressure Vessels—1989 

DIN 28036 Flanges for Welding for Use on Stainless Steel 
Pressure Vessels—1989 

DIN 28038 Flanges for Welding, with Cylindrical Hub, for Use on 
Stainless Steel Pressure Vessels—1989 

DIN 28117 PN 10 to PN 40 Loose Flanges—1990 

DIN 28122 Blank Flanges with Stainless Steel Facing, of Nominal 


Sizes DN 125 to DN 500 and Rated for Nominal 
Pressures PN 10 to PN 40—1987 


DIN 28141 Connecting Flanges for Unalloyed and Stainless Steel 
Mixing Vessels for Use in Process Engineering—1992 


DIN 28404 Vacuum Technology; Flanges; Dimensions—1984 


DIN 28614 Ductile Iron Pipes with Cast-On Flanges for Use with 
Gas and Water Pipelines; Dimensions and Mass—1990 
(Superseded in Part by DIN EN 545, January 1995 
Edition, and DIN EN 969, November 1995 Edition) 


DIN 28615 PT 1 Ductile Iron Pipes with Welded-On Flanges for Use 
With Gas and Water Pipelines; Dimensions and Mass— 
1990 (Together with the January 1990 Edition of DIN 
28615 Part 2, Supersedes the March 1976 Edition of 
DIN 28615) (Superseded in Part by DIN EN 545, 
January 1995 Edition, and DIN EN 969, November 
1995 Edition) 


DIN 28615 PT 2 Ductile Iron Pipes with Screwed-On Flanges for Use 
With Gas and Water Pipelines; Dimensions and Mass— 
1990 (Together with the January 1990 Edition of DIN 
28615 Part 1, Supersedes the March 1976 Edition of 
DIN 28615) (Superseded in Part by DIN EN 545, 
January 1995 Edition, and DIN EN 969, November 
1995 Edition) 


DIN 28646 Ductile Iron Blank Flanges for Use with Gas and 
Water Pipes; Dimensions and Mass—1990 (Superseded 
in Part by DIN EN 545, January 1995 Edition, and 
DIN EN 969, November 1995 Edition) 

DIN 86037 PT 1 Loose Flanges and Welded Stub Ends for Pipes of 
Forged Copper Alloys; Nominal Pressures 10, 16 and 
25; Summary —1978 

DIN 86037 PT 2 Loose Flanges and Welded Stub Ends for Pipes of 
Forged Copper Alloys; Nominal Pressures 10, 16 and 
25; Welded Stub Ends—1978 

DIN 86037 PT 3 Loose Flanges and Welded Stub Ends for Pipes of 
Forged Copper Alloys; Nominal Pressures 10, 16 and 
25; Loose Flanges—1978 
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DIN 86041 PT 1 


Welding Flanges for Tanks and Sea Boxes; Nominal 
Pressure 10 and 16—1976 


DIN 86041 PT 2 


Welding Flanges for Outboard Connections; Nominal 
Pressure 10, 16, 40, 160—1977 


DIN 86042 


Dummy Hole Plates (Spectacle Flanges); Mating 
Dimensions According to Nominal Pressure 10 and 16— 
1978 


DIN 13 PT 13 


ISO Metric Screw Threads; Selected Sizes for Screws, 
Bolts and Nuts from 1 to 52 mm Screw Thread 
Diameter and Limits of Sizes—1983 


DIN 13 PT 51 


ISO Metric Screw Threads; External Threads for 
Transition Fits; Tolerances, Limit Deviations, Limits of 
Size 


DIN 74 PT 3 


Counterbores (Holes) for Hexagon Bolts and Nuts— 
1991 


DIN 103 PT 7 


ISO Metric Trapezoidal Screw Threads; Limiting 
Sizes for Bolt Threads from 8 to 100 mm Nominal 
Diameter 


DIN 103 PT 8 


ISO Metric Trapezoidal Screw Threads; Limiting Sizes 
for Bolt Threads from 105 to 300 mm Nominal 
Diameter 


DIN 125 PT 1 


Product Grade A Washers with a Hardness up to 250 
HV Designed for Use with Hexagon Head Bolts and 
Nuts—1990 


DIN 125 PT 2 


Product Grade A Washers with a Hardness up to 300 
HV Designed for Use with Hexagon Head Bolts and 
Nuts—1990 


DIN 126 


Product Grade C Washers; Designed for Use with 
Hexagon Head Bolts and Nuts—1990 


DIN 186 


T-Head Bolts with Square Neck—1988 


DIN 188 


T-Head Bolts with Double Nib—1987 


DIN 261 


T-Head Bolts—1987 


DIN 267 PT 3 


Fasteners; Technical Delivery Conditions; Property 
Classes for Carbon Steel and Alloy Steel Bolts and 
Screws; Conversion of Property Classes—1983 


DIN 267 PT 12 


Bolts, Screws, Nuts and Similar Threaded and Formed 
Parts; Technical Conditions of Delivery; Self-Tapping 
Screws 


DIN 267 PT 25 (P) 


Fasteners; Technical Delivery Conditions; Torsion 
Testing of M 1 to M 10 Bolts and Screws—1984 


DIN 267 PT 27 


Fasteners; Adhesive-Coated Steel Screws, Bolts and 
Studs; Technical Delivery Conditions—1990 


DIN 267 PT 28 


Fasteners; Steel-Screws, Bolts and Studs with Locking 
Coating; Technical Delivery Conditions—1990 
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DIN 478 Square Head Bolts with Collar—1985 
DIN 479 Square Head Bolts with Short Dog Point—1985 


DIN 480 Square Head Bolts with Collar and Oval Half Dog 
Point—1985 


DIN 522 Metal Washers; Technical Delivery Conditions 
DIN 603 Mushroom Head Square Neck Bolts—1981 
DIN 604 Flat Countersunk Nib Bolts—1981 


DIN 605 Flat Countersunk Square Neck Bolts with Long 
Square—1981 


DIN 607 Cup Head Nib Bolts—1981 


DIN 608 Flat Countersunk Square Neck Bolts with Short 
Square—1981 


DIN 609 Hexagon Fit Bolts—1995 

DIN 610 Hexagon Fit Bolts with Short Threaded Dog Point 
DIN 649 T-Slots for T-Head Bolts—1987 

DIN 787 Tee Bolts May; ISO 299: 1987—1991 

DIN 797 Special Foundation Bolts—1970 


DIN 798 Special Foundation Nuts for Special Foundation Bolts 
According to DIN 797 


DIN 931 PT 2 M 42 to M 160x6 Hexagon Head Bolts; Product Grade 
B—1987 


DIN 931 SUPPL. 1 Hexagon Head Bolts with Shank; Masses—1986 


DIN 974 PT 2 Diameters of Counterbores (Holes) for Hexagon Bolts 
and Nuts—1991 


DIN 976-1 Metric Thread Stud Bolts—1995 

DIN 976-2 Metric Interference-Fit Thread Stud Bolts—1995 
DIN 1441 Washers; Type Coarse for Bolts—1974 

DIN 2507 Bolts, Screws and Nuts for Pipelines—1986 


DIN 2510 PT 3 Bolted Connections with Reduced Shank; Stud-Bolts— 
1971 


DIN 6921 Hexagon Flange Bolts 
DIN 6922 Hexagon Flange Bolts with Reduced Shank 


DIN 7349 Plain Washers for Bolts with Heavy Clamping Sleeves— 
1974 

DIN 7500-1 Thread Rolling Screws for ISO Metric Screw Thread; 
Dimensions, Requirements and Testing 

DIN 7992 T-Head Bolts with Large Head—1970 

DIN 17111 Low Carbon Unalloyed Steels for Bolts, Nuts and 
Rivets; Technical Conditions of Delivery —1980 


DIN 17240 Heat Resisting and Highly Heat Resisting Materials for 
Bolts and Nuts; Quality Specifications— 1976 
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DIN EN 20225 


Fasteners Bolts, Screws, Studs and Nuts; Symbols and 
Designations for Dimensioning (ISO 225: 1983)—1992 
(Supersedes DIN ISO 225, January 1984 Edition) 


DIN EN 20273 


Fasteners; Clearance Holes for Bolts and Screws (ISO 
2773: 1979) (Supersedes DIN ISO 273, September 1979 
Edition)—1992 


DIN EN 20898-7 


Mechanical Properties of Fasteners; Torsional Test and 
Minimum Torques for Bolts and Screws with Nominal 
Diameters 1 mm to 10 mm (ISO 898-7: 1992)—1995 


DIN EN 20898 PT 1 


Mechanical Properties of Fasteners; Bolts, Screws and 
Studs (ISO 898-1: 1988)—1992 (Supersedes DIN ISO 
898 Part 1, January 1989 Edition) 


DIN EN 24014 


Hexagon Head Bolts; Product Grades A and B; (ISO 
4014: 1988)—1992 Supersedes DIN 931 Part 1, 
September 1987 Edition, and DIN ISO 4014, 
September 1989 Edition) 


DIN EN 24015 


Hexagon Head Bolts with Reduced Shank; (Shank 
Diameter — Pitch Diameter; Product Grade B (ISO 
4015: 1979)—1991 


DIN EN 24016 


Hexagon Head Bolts Product Grade C (ISO 4016: 
1988)—1992 (Supersedes DIN 601 September 1987 
Edition, and DIN ISO 4016, October 1989 Edition) 


DIN EN 26157 PT 1 


Fasteners; Surface Discontinuities; Bolts, Screws and 
Studs Subject to General Requirements (ISO 6157-1: 
1988)—1991 (Together with the December 1991 
Edition of DIN EN 26157 Part 3, Supersedes October 
1984 Edition of DIN 267 Part 19) 


DIN EN 26157 PT 3 


Fasteners; Surface Discontinuities; Bolts, Screws and 
Studs Subject to Special Requirements (ISO 6157-3: 
1988)—1991 (Together with the December 1991 
Edition of DIN EN 26157 Part 1, Supersedes October 
1984 Edition of DIN 267 Part 19) 


DIN EN 28765 


Hexagon Head Bolts with Metric Fine Pitch Thread; 
Product Grades A and B (ISO 8765: 1988)—1992 
(Supersedes DIN 960, January 1990 Edition, and DIN 
ISO 8765, January 1990 Edition) 


DIN EN 28839 


Mechanical Properties of Fasteners; Nonferrous Metal 
Bolts, Screws, Studs and Nuts (ISO 8839: 1986)—1991 
(Supersedes February 1981 Edition of DIN 267 Part 
18) 


DIN LN 29962 


Bolts and Accessories; Additional Procurement Data 
for Special Designs and Arrangement of Code Letters 
in Characteristic Blocks—1976 


DIN LN 65010 PT 1 


Specification for Screws and Bolts of Unalloyed and 
Low-Alloy Steel with Minimum Tensile Strength up to 
900N/mm?^—1968 
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(Continued) 


Numbers 


Title 


DIN LN 65010 PT 2 


Specification for Screws and Bolts of Unalloyed and 
Low-Alloy Steel with Minimum Tensile Strength up to 
900N/mm/, Minimum Ultimate Tensile Loads, Proof 
Loads—1968 


DIN LN 65018 PT 1 


Manufacturer's Acceptance Certificate for Screws and 
Bolts—1968 


DIN LN 65019 


Bolts, Countersunk Head with TORQ-Set Recess— 
1977 


DIN 2696 


Lenticular Gaskets and Lenticular Seals for ND 64 to 
ND 400 Flanged Connections—1972 


DIN 2698 


Corrugated Steel Sheet Gaskets Incorporating Asbestos 
Ropes for ND 25 to ND 250 Flanged Connections— 
1972 


DIN 3535 PT 6 


Synthetic Fibre and Graphite Based Gasket Materials 
for Use with Gas Valves, Gas Appliances and Gas 
Pipework 


DIN 7603 


Ring Seals and Gaskets—1994 


DIN 8914 


90 Degree Tapered Seal Rings and Caps for Use with 
PN 40 Flared Flange Solderless Compression Couplings 
in Refrigerating Systems 


DIN 28040 


Gaskets for Use with Flanged Joints—1989 


DIN 28090-1 


Static Seals for Flanged Connections; Characteristic 
Values and Test Methods 


DIN 28090-2 


Static Seals for Flanged Connections; In-Process 
Testing of Sheet Gasket Materials 


DIN 28090-3 


Static Seals for Flanged Connections; Chemical 
Resistance of Sheet Gasket Materials 


DIN 87107 


Gaskets for Non-Return Flaps in Accordance with 
DIN 87101—1975 


DIN EN 1514-1 


Flanges and Their Joints Dimensions of Gaskets for 
PN-Designated Flanges Part 1: Non-Metallic Flat 
Gaskets with or without Inserts August; Supersedes 
DIN EN 2690 and DIN 2692 May 1966 and DIN 2691 
November 1971—1997 


DIN EN 1514-2 


Flanges and Their Joints Dimensions of Gaskets for 
PN-Designated Flanges Part 2: Spiral Wound Gaskets 
for Use with Steel Flanges—1997 


DIN EN 1514-3 


Flanges and Their Joints Dimensions of Gaskets for 
PN-Designated Flanges Part 3: Non-Metallic PTFE 
Envelope Gaskets—1997 


DIN EN 1514-4 


Flanges and Their Joints Dimensions of Gaskets for 
PN-Designated Flanges Part 4: Corrugated, Flat or 
Grooved Metallic and Filled Metallic Gaskets for Use 
with Steel Flanges—1997 
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Numbers 


Title 


DIN 475 PT 1 


Widths Across Flats for Bolts, Screws, Valves and 
Fittings—1984 


DIN 477 PT 1 


Gas Cylinder Valves Rated for Test Pressures up to 
300 Bar; Types, Sizes and Outlets—1990; Superseded 
in Part by DIN EN 629-1—August 1996 Edition 


DIN 477 PT 5 


Gas Cylinder Valves Rated for Test Pressures up to 
450 Bar; Types, Sizes and Outlets—1990 


DIN 1690 PT 10 


Technical Delivery Conditions for Castings of Metallic 
Materials; Supplementary Requirements for Steel 
Castings Used for Heavy-Duty Valves—1991 


DIN 1997 PT 1 


Shut-Off Valves for Site Drainage Systems; Backflow 
Gates for Non-Faecal Sewage; Requirements, Design 
Principles and Materials—1984 


DIN 1997 PT 2 


Shut-Off Valves for Site Drainage Systems; Backflow 
Gates for Non-Faecal Sewage; Testing—1984 


DIN 3158 


Valves for Use in Refrigerating Systems; Safety 
Requirements, Testing and Marking—1987 


DIN 3202 PT 2 


End-To-End and Centre-To-End Dimensions of 
Valves; Weld-On Valves—1982 


DIN 3202 PT 4 


Face-To-Face and Centre-To-Face Dimensions of 
Valves; Valves With Female Thread Connection—1982 


DIN 3202 PT 5 


Face-To-Face and Centre-To-Face Dimensions of 
Valves; Valves for Connection With Compression 
Couplings—1984 


DIN 3230 PT 1 


Technical Conditions of Delivery for Valves; Enquiry, 
Order and Delivery—1974 


DIN 3230 PT2 


Technical Conditions of Delivery for Valves; General 
Requirements—1974 


DIN 3230 PT 3 


Technical Delivery Conditions for Valves; Compilation 
of Test Methods—1982 


DIN 3230 PT 4 


Technical Conditions of Delivery for Valves; Valves for 
Potable Water Service; Requirements and Testing— 
1977 


DIN 3230 PT 5 


Technical Delivery Conditions; Valves for Gas 
Installations and Gas Pipelines; Requirements and 
Testing—1984 


DIN 3230 PT 6 


Technical Delivery Conditions for Valves; 
Requirements and Methods of Test for Valves for Use 
with Flammable Liquids—1987 


DIN 3239 PT2 


Weld-On Ends of Valves for Socket Welding—1978 


DIN 3266 PT 1 


Valves for Drinking Water Installations on Private 
Premises; PN 10 Pipe Interrupters, Pipe Disconnectors, 
Anti-Vacuum Valves—1986 
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TABLE E10.D3 DIN Standards and Specifications for Valves (Continued) 


Title 


DIN 3266 PT 2 


Valves for Drinking Water Installations on Private 
Premises; PN 10 Pipe Interrupters, Pipe Disconnectors, 
Anti-Vacuum Valves; Testing—1987 


DIN 3339 


Valves; Body Component Materials—1984 


DIN 3352 PT 1 


Gate Valves; General Information—1979 


DIN 3352 PT 2 


Cast Iron Gate Valves with Metallic Seat and Inside 
Screw Stem—1988 


DIN 3352 PT 3 


Cast Iron Gate Valves with Metallic Seat and Outside 
Screw Stem—1988 


DIN 3352 PT 4 


Cast Iron Gate Valves with Elastomeric Obturator 
Seatings and Inside Screw Stem—1986 


DIN 3352 PT 6 


Gate Valves of Unalloyed and Low-Alloyed Steel with 
Internal Stem Thread—1979 


DIN 3352 PT 7 


Gate Valves of Unalloyed and Low-Alloyed Steel with 
External Stem Thread—1979 


DIN 3352 PT 9 


Gate Valves of Heat-Resistant Steel—1979 


DIN 3352 PT 10 


Gate Valves of Stainless Steel—1979 


DIN 3352 PT 11 


Flanged Copper Alloy Gate Valves—1981 


DIN 3352 PT 12 


Socket End Copper Alloy Gate Valves—1981 


DIN 3352 PT 13 


Double-Socket Cast Iron Gate Valves with Elastomeric 
Obturator Seat and Inside Screw Stem—1987 


DIN 3354 PT 1 


Butterfly Valves; General Data 


DIN 3354 PT 2 


Butterfly Valves; Soft Material Seat Seal Cast Iron 
Tight Butterfly Shutoff Valves with Flanged Ends 


DIN 3354 PT 3 


Butterfly Valves; Soft Material Seat Seal Steel or Cast 
Steel Tight Butterfly Shutoff Valves with Flanged Ends 
or Weld-on-Ends 


DIN 3354 PT 4 


Butterfly Valves; Metallic Seat Seal Steel or Cast Steel 
Tight Butterfly Shutoff Valves with Flanged Ends or 
Weld-on Ends 


DIN 3356 PT 1 


Globe Valves; General Data—1982 


DIN 3356 PT 2 


Globe Valves; Cast Iron Stop Valves—1982 


DIN 3356 PT 3 


Globe Valves; Unalloyed Steel Stop Valves—1982 


DIN 3356 PT 4 


Globe Valves; High Temperature Steel Stop Valves— 
1982 


DIN 3356 PT 5 


Globe Valves; Stainless Steel Stop Valves—1982 


DIN 3357 PT 1 


Metal Ball Valves; General Requirements and Methods 
of Test—1989 


DIN 3357 PT 2 


Full Bore Steel Ball Valves—1981 


DIN 3357 PT 3 


Reduced Bore Steel Ball Valves—1981 
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Numbers 


Title 


DIN 3357 PT 4 


Full Bore Nonferrous Metal Ball Valves—1981 


DIN 3357 PT 5 


Reduced Bore Nonferrous Metal Ball Valves—1981 


DIN 3357 PT 6 


Full Bore Cast Iron Ball Valves 


DIN 3357 PT 7 


Reduced Bore Cast Iron Ball Valves 


DIN 3381 


Safety Devices for Gas Supply Installations Operating 
at Working Pressures up to 100 Bar; Pressure Relief 
Governors and Safety Shut-Off Devices 


DIN 3399 


Gas Low-Pressure Cut-Off Valves; Safety 
Requirements, Testing—1986 


DIN 3441 PT 1 


Unplasticized Polyvinyl Chloride (PVC-U) Valves; 
Requirements and Testing—1989 


DIN 3441 PT 2 


Unplasticized Polyvinyl Chloride (PVC-U) Valves; Ball 
Valves; Dimensions—1984 


DIN 3441 PT 3 


Unplasticized Polyvinyl Chloride (PVC-U) Valves; 
Diaphragm Valves; Dimensions—1984 


DIN 3441 PT 4 


Valves of Rigid PVC (Unplasticized or Rigid Polyvinyl 
Chloride); Y-Valves (Inclined-Seat Valves), 
Dimensions—1978 


DIN 3441 PT 5 


Unplasticized Polyvinyl Chloride (PVC-U) Valves; PN 
6 and PN 10 Wafer Type Bufferfly Valves; Dimensions— 
1984 


DIN 3441 PT 6 


Unplasticized Polyvinyl Chloride (UPVC) Valves; 
Gate Valves with Inside Screw Stem Dimensions— 
1988 


DIN 3442 PT 1 


Polypropylene (PP) Valves; Requirements and 
Testing—1987 


DIN 3442 PT 2 


Fittings of PP (Polypropylene); Ball Valves; 
Dimensions—1980 


DIN 3442 PT 3 


Polypropylene (PP) Valves; Diaphragm Valves; 
Dimensions—1987 


DIN 3475 


Spheroidal Graphite Cast Iron Valves and Fittings 
Provided with Internal Corrosion Protection by means 
of Enamelling, for Use in Drinking Water Supply 
Systems; Requirements and Testing—1993 


DIN 3476 


Corrosion Protection of Water Valves and Pipe Fittings 
by Epoxy Powder or Liquid Epoxy Resin Linings; 
Requirements and Testing—1996 


DIN 3500 


PN 10 Piston Type Gate Valves for Use in Drinking 
Water Supply Systems—1990 


DIN 3502 


Stop Valves for Drinking Water Supplies on and in 
Private Property; Straight Pattern Globe Valves with 
Oblique Bonnet, Rated for Nominal Pressure PN 10— 
1985 
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Numbers Title 


DIN 3512 Stop Valves for Drinking Water Supplies on and in 
Private Property; Straight Pattern Globe Valves with 
Vertical Bonnet, Rated for Nominal Pressure PN 10— 
1985 


DIN 3535 PT 5 Rubber/Cork and Rubber/Cork Synthetic Fibre Based 
Gasket Materials for Use With Gas Valves, Gas 
Appliances and Gas Pipework; Safety Requirements 
and Testing—1993 


DIN 3535 PT 6 Synthetic Fibre and Graphite Based Gasket Materials 
for Use with Gas Valves, Gas Appliances and Gas 
Pipework—1994 


DIN 3536 Lubricants for Gas Valves and Controls; Requirements, 
Testing—1982, Superseded in Parts By EN 377 


DIN 3537 PT 3 Gas Stop Valves Rated for Pressures up to 4 Bar; 
Requirements and Acceptance Testing for Laboratory 
Valves—1992 


DIN 3543 PT 1 Metal Tapping Valves; Requirements, Testing—1984 


DIN 3543 PT 4 High Density Polyethylene (HDPE) Tapping Valves 
for HDPE Pipes; Dimensions—1984 


DIN 3544 PT 1 High Density Polyethylene (HDPE) Valves; Tapping 
Valves; Requirements and Test—1985 


DIN 3840 Valve Bodies; Strength Calculation in Respect of 
Internal Pressure 


DIN 3852 PT 1 (S) Stud Ends and Tapped Holes with Metric Fine Pitch 
Thread, for Use with Compression Couplings, Valves 
and Screw Plugs; Dimensions— 1992: Superseded in 
Part by DIN 3852 Part 11, May 1994 Edition 


DIN 3852 PT 2 (S) Stud Ends and Tapped Holes with Pipe Thread, for 
Use with Compression Couplings, Valves and Screw 
Plugs; Dimensions—1991: (Superseded in Part by DIN 
3852 Part 11, May 1994 Edition) 


DIN 3852 PT 3 Type F Stud Ends and Type W Tapped Holes with 
Metric Fine Pitch Thread, for Use with Compression 
Couplings, Valves and Screw Plugs, Sealed by O-Ring; 
Dimensions 

DIN 3852 PT 11 Stud Ends and Tapped Holes for Use with 
Compression Couplings; Valves and Screw Plugs Type 
E Stud End Dimensions—1994; Supersedes Parts of 
DIN 3852 Part 1, February 1992 Edition, and DIN 
3852 Part 2, November 1991 Edition 


DIN 17480 Valve Materials; Technical Delivery Conditions (May) 


DIN 19208 Flow Measurement; Mating Dimensions and 
Application of Shut-Off Valves for Differential 
Pressure Transducers and Differential Pressure Piping— 
1988 
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Numbers 


Title 


DIN 19578 PT 1 


Stop Valves for Site Drainage Systems; Anti-Flooding 
Valves for Faecal Sewage Systems; Requirements—1988 


DIN 19578 PT 2 


Stop Valves for Site Drainage Systems; Anti-Flooding 
Valves for Faecal Sewage Systems; Testing and 
Inspection—1988 


DIN 30677 PT 1 


External Corrosion Protection of Buried Valves; 
Normal Duty Coatings—1991 


DIN 30677 PT 2 


External Corrosion Protection of Buried Valves; 
Heavy-Duty Thermoset Plastics Coatings—1988 


DIN 32509 


Hand-Operated Shut-Off Valves for Welding, Cutting 
and Allied Processes; Designs, Safety Requirements, 
Testing—1985 


DIN 42560 


Transformers; Throttle-Valves NW 80; Dimensions; 
Tightness Testing—1971 


DIN 45635 PT 50 


Measurement of Noise Emitted by Machines; Airborne 
Noise Measurement, Enveloping Surface Method; 
Valves—1987 


DIN 74279 


Compressed-Air Braking Systems; Overflow Valves— 
1977 


DIN 86500 


Valves and Gate Valves with Screwed Connections; 
Survey of Types for Shipbuilding—1968 


DIN 86501 


Gunmetal Screwed-Bonnet Type Shut-Off Valves with 
Non-Soldered Cutting Ring-Type Pipe Unions— 1973 


DIN 86502 


Gunmetal Screwed Bonnet Non-Return Valves with 
Non-Soldered Pipe Unions with Cutting Ring—1973 


DIN 86511 


Shut-Off Valves, Screwed-Bonnet Type of Gun Metal 
with 25 Deg. Taper Bushing Pipe Unions for Brazing 


DIN 86512 


Shut-Off Check Valves, Screwed-Bonnet Type of Gun 
Metal with 25 Deg. Taper Bushing Pipe Unions for 
Brazing 


DIN 86528 


Tab Washers for Screwed Bonnet Valves—1973 


DIN 86545 (W) 


Vent Valve; R 1⁄4"; NP 16; up to 110 Deg. C 


DIN 86551 


Steel Screwed Bonnet Valves with 25 Deg. Taper- 
Bushing Type Pipe Unions 


DIN 86552 


Steel Screwed Bonnet Valves with Non-Soldered 
Cutting Ring-Type Pipe Unions—1973 


DIN 86720 


Bronze Wedge-Type Flat-Sided Gate Valves with 
Screwed Bonnet and Flanges; ND 16; NW 20 to 100— 
1968 


DIN 87107 


Gaskets for Non-Return Flaps in Accordance with 
DIN 87101 


DIN 87901 


Sniffle Valves for Pumps; Size R %” to R 94"; ND 16 
up to 100 Deg. C—1967 
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Numbers Title 


DIN EN 488 Preinsulated Bonded Pipe Systems for Underground 
Hot Water Networks; Valve Assemblies for Steel 
Service Pipes with Polyurethane Thermal Insulation 
and Outer Polyethylene Casing 


DIN EN 558-1 Face-to-Face and Centre-to-Face Dimensions of Metal 
Industrial Valves for Use in Flanged Pipe Systems; PN- 
Designated Valves—1995 (Supersedes DIN 3202 PT 1, 
September 1984 Edition) 


DIN EN 5582 Face-to-Face and Centre-to-Face Dimensions of Metal 
Industrial Valves for Use in Flanged Pipe Systems; 
Class-Designated Valves—1995 


DIN EN 736-1 Valves; Terminology; Types of Valves 


DIN EN 917 Plastic Piping Systems Thermoplastic Valves Test 
Methods for Resistance to Internal Pressure and 
Leaktightness 


DIN EN 1092-2 Circular Flanges for Pipes, Valves, Fittings and 
Accessories, PN Designated Part 2: Cast Iron Flanges; 
Supersedes DIN 2532 02-1976; DIN 2533 02-1976; 
DIN 28604 01-1990; DIN 28605 01-1990; DIN 28606 
01-1990; and 28607 01-1990 and also Supersedes Part 
of DIN 2500 08-1966 


DIN EN 1680 Valves for Polyethylene (PE) Piping Systems; Test 


Method for Leaktightness Under and After Bending 
Applied to the Operating Mechanism 

DIN EN 1704 Thermoplastics Valves; Test Method for the Integrity 
of a Valve After Temperature Cycling Under 
Bending 

DIN 1705 Plastic Piping Systems; Thermoplastics Valves; Test 
Method for the Integrity of a Valve After an External 
Blow 

DIN EN 28233 Thermoplastics Valves; Torque Test (ISO 8233: 1988) 


DIN EN 28659 Thermoplastics Valves; Testing of Fatigue Strength 
(ISO 8659: 1989) 
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Numbers 


Title 


JIS A 5302 


Concrete Pipes and Reinforced Concrete Pipes 


JIS A 5303 


Reinforced Spun and Centrifugal Reinforced Concrete 
Pipes 


JIS A 5314 


Mortar Lining for Ductile Iron Pipes (Errata-1995) 


JIS A 5322 


Reinforced Spun-Concrete Pipes with Socket 


JIS A 5333 


Core Type Prestressed Concrete Pipes 


JIS A 5350 


Fiberglass Reinforced Plastic Mortar Pipes 
(Errata-1995) 


JIS A 5405 


Asbestos Cement Pipes 


JIS G 3429 


Seamless Steel Tubes for High Pressure Gas Cylinder 


JIS G 3439 


Seamless Steel Oil Well Casing, Tubing and Drill Pipe 


JIS G 3441 


Alloy Steel Tubes for Machine Purposes 


JIS G 3442 


Galvanized Steel Pipes for Water Service 


JIS G 3443 


Coated Steel Pipes for Water Service; (Erratum) 


JIS G 3444 


Carbon Steel Tubes for General Structural Purposes: 
(Errata- March 1996) 


JIS G 3445 


Carbon Steel Tubes for Machine Structural Purposes 


JIS G 3446 


Stainless Steel Pipes for Machine and Structural 
Purposes 


JIS G 3447 


Stainless Steel Sanitary Pipes 


JIS G 3448 


Light Gauge Stainless Steel Pipes for Ordinary Piping 


JIS G 3451 


Fittings of Coated Steel Pipes for Water Service; 
Errata-1996 


JIS G 3452 


Carbon Steel Pipes for Ordinary Piping 


JIS G 3454 


Carbon Steel Pipes for Pressure Service 


JIS G 3455 


Carbon Steel Pipes for High Pressure Service 


JIS G 3456 


Carbon Steel Pipes for High Temperature Service 


JIS G 3457 


Arc Welded Carbon Steel Pipes 


JIS G 3458 


Alloy Steel Pipes 


JIS G 3459 


Stainless Steel Pipes (Errata—1995) 


JIS G 3460 


Steel Pipes for Low Temperature Service 


JIS G 3465 


Seamless Steel Tubes for Drilling 


JIS G 3466 


Carbon Steel Square Pipes for General Structural 
Purposes 


JIS G 3468 


Large Diameter Welded Stainless Steel Pipes 


JIS G 3469 


Polyethylene Coated Steel Pipes 


JIS G 3471 


Corrugated Steel Pipes and Sections 


JIS G 3474 


High Tensile Strength Steel Tubes for Tower Structural 
Purposes 


JIS G 3491 


Asphalt Protective Coatings for Steel Water Pipe R 
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(Continued) 


Numbers Title 


JIS G 3492 Coal-Tar Enamel Protective Coatings for Steel Water 
Pipe R (1983) 


JIS G 4903 Seamless Nickel-Chromium-Iron Alloy Pipes 
JIS G 5201 Centrifugally Cast Steel Pipes for Welded Structure 


JIS G 5202 Centrifugally Cast Steel Pipes for High Temperature 
and High Pressure Service 


JIS G 5525 Cast-Iron Soil Pipes and Fittings; Errata-1996 
JIS G 5526 Ductile Iron Pipes 
JIS G 5527 Ductile Iron Fittings 


JIS G 5528 Epoxy-Powder Coating for Interior of Ductile Iron 
Pipes and Fittings 


JIS H 0502 Method of Eddy Current Testing for Copper and 
Copper-Alloy Pipes and Tubes 


JIS H 0515 Eddy Current Inspection of Titanium Pipes and Tubes 
JIS H 0516 Ultrasonic Inspection of Titanium Pipes and Tubes 


JIS H 3300 Copper and Copper Alloy Seamless Pipes and Tubes 
JIS H 3320 Copper and Copper Alloy Welded Pipes and Tubes 
JIS H 3401 Pipe Fittings of Copper and Copper Alloy 


JIS H 4080 Aluminum and Aluminum Alloy Seamless Pipes and 
Tubes 


JIS H 4090 Aluminum and Aluminum Alloy Welded Pipes and 
Tubes 


JIS H 4202 Magnesium Alloy Seamless Pipes and Tubes 

JIS H 4311 Lead and Lead Alloy Tubes for Common Industries 
JIS H 4312 Polyethylene Lining Lead Pipes for Water Supply 
JIS H 4552 Nickel and Nickel Alloy Seamless Pipe and Tubes 
JIS H 4630 Titanium Pipes for Ordinary Piping 

JIS H 4635 Titanium-Palladium Alloy Pipes for Ordinary Piping 


JIS K 6739 Unplasticized Polyvinyl Chloride Pipe Fittings for 
Drain R (1980) 


JIS K 6741 Unplasticized Polyvinyl Chloride (PVC) Pipes 


JIS K 6742 Unplasticized Polyvinyl Chloride Pipes for Water 
Works; (Errata- April 1995) 


JIS K 6743 Unplasticized Polyvinyl Chloride Pipe Fittings for 
Water Works 


JIS K 6761 Polyethylene Pipes for General Purposes 


JIS K 6762 Polyethylene Pipes for Water Works; (Errata- April 
1995) 


JIS K 6763 Polyethylene Pipe Fittings for Water Works 
JIS K 6769 Crosslinked Polyethylene (XPE) Pipes 
JIS K 6770 Crosslinked Polyethylene (XPE) Pipe Fusion Fittings 
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Numbers 


Title 


JIS K 6774 


Polyethylene Pipes for the Supply of Gaseous Fuels 


JIS K 6775 


Polyethylene Pipe-Fittings for the Supply of Gaseous 
Fuels 


JIS K 6776 


Chlorinated Polyvinyl Chloride (CPVC) Pipes for Hot 
and Cold Water Supply 


JIS K 6777 


Chlorinated Polyvinyl Chloride (CPVC) Pipe Fittings 
for Hot and Cold Water Supply 


JIS K 6778 


Polybutene (PB) Pipes 


JIS K 6779 


Polybutene (PB) Pipe-Fittings 


JIS K 6897 


Polytetrafluoroethylene Pipes 


JIS R 1201 


Clay Pipes 


JIS R 1511 


Conical Flanged Straight Pipes of Acid Proof 
Porcelains for Chemical Industry 


JIS R 1512 


Conical Flanged 90 Degree Bent Pipes of Acid Proof 
Porcelains for Chemical Industry 


JIS R 1513 


Conical Flanged 45 Degree Bent Pipes of Acid Proof 
Porcelains for Chemical Industry 


JIS R 1514 


Conical Flanged Tee Pipes of Acid Proof Porcelains 
for Chemical Industry 


JIS R 1534 


Metal Joint For Conical Flange Pipes of Acid Proof 
Porcelains for Chemical Industry 


JIS R 3511 


Ampoule Pipe 


JIS S 2080 


Exhaust Pipes for Burning Appliances 


JIS S 3025 


Supply and Exhaust Pipes for Oil Burning Appliances 


JIS S 3028 


Oil Discharge Copper Pipe for Oil Burning Appliances 


JIS T 7101 


Medical Gas Pipeline Systems 


JIS T 9211 


Pipes for Endoskeletal Type of Lower Limb Prostheses 


JIS B 2301 


Screwed Type Malleable Cast Iron Pipe Fittings 


JIS B 2302 


Screwed Type Steel Pipe Fittings 


JIS B 2311 


Steel Butt-Welding Pipe Fittings for Ordinary Use 


JIS B 2312 


Steel Butt-Welding Pipe Fittings 


JIS B 2313 


Steel Plate Butt-Welding Pipe Fittings 


JIS B 2316 


Steel Socket-Welding Pipe Fittings 


JIS B 2321 


Aluminium and Aluminium Alloy Butt-Welding Pipe 
Fittings 


JIS B 2351 


25 MPa (250 kgf/cm?) Bite Type Tube Fittings for 
Hydraulic Use; (Errata-1994) 


JIS B 2354 


Crosslinked Polyethylene (XPE) Pipe Clamp Type 
Fittings 


JIS B 6164 


Compression Type Tube Fittings for Machine Tools 
Edition 1 


JIS B 8381 


Pneumatic System—Flexible Tubes— Tube Fittings 
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(Continued) 


Numbers 


Title 


JIS C 8380 


Plastic Coated Steel Pipes for Cable—Ways 


JIS D 3607 


Automotive Diesel Engines-Steel Tubes for High- 
Pressure Fuel Injection Pipes 


JIS E 4106 


Railway Rolling Stock—Screwed Type Pipe Fittings 


JIS E 4308 


Railway Rolling Stock—Air Filters 


JIS F 0014 


Glossary of Terms of Shipbuilding (Hull Part—Piping) 


JIS F 0301 


Schemes Thermal Insulation of Piping for Small Ships 


JIS F 0414 


Internal Wirings and Pipings of Marine Engine Control 
Console 


JIS F 0506 


Application of Copper Pipes for Marine Use 


JIS F 0507 


Small Ships—Steel Pipes— Application 


JIS F 2007 


Mooring Pipes 


JIS F 2030 


Single Point Mooring Pipes 


JIS F 3001 


Hinged Caps of Sounding Pipes 


JIS F 3002 


Deck Pieces for Sounding Pipes R (1977) 


JIS F 3016 


Ships’ Cast Iron Pipe Sleeve Type Expansion Joints 


JIS F 3017 


Ships’ Cast Steel Pipe Sleeve Type Expansion Joints 


JIS F 3993 


Discharge Pipes for Dredger 


JIS F 3994 


Floaters of Discharge Pipes for Dredger 


JIS F 3995 


Rubber Sleeves for Dredger Discharge Pipes 


JIS F 7008 


Standard Specification of Thermal Insulation for Piping 


JIS F 7101 


Pipes of Ships’ Machinery— Standard Velocity of Flow 


JIS F 7102 


Application for Gaskets and Packings to Piping System 
in Machinery Space 


JIS F 7435 


Brass 30 K Unions with Bite Joint(s) for Marine Use 


JIS F 7436 


Copper Tube 10 K Brazed Unions for Marine Use 


JIS F 7437 


Copper Tube 10 K Screwed Unions for Marine Use 


JIS F 7438 


Steel Pipe 10 K Welding Type Unions for Marine Use 


JIS F 7439 


Steel Pipe 10 K Screwed Unions for Marine Use 


JIS F 7440 


Copper Pipe 20 K Brazed Type Unions for Marine Use 


JIS F 7441 


Copper Pipe 20 K Screwed Unions for Marine Use 


JIS F 7442 


Steel Pipe 40 K Welded Unions for Marine Use 


JIS F 7443 


Steel Pipe 40 K Screwed Unions for Marine Use 


JIS F 7444 


Steel Pipe 100 K Welded Unions for Marine Use 


JIS F 7445 


Steel Pipe 100 K Screwed Unions for Marine use 


JIS B 0151 


Iron and Steel Pipe Fittings— Vocabulary 


JIS B 2303 


Screwed Drainage Fittings Edition 1 


JIS B 8602 


Pipe Flanges for Refrigerants; (Errata—1994) 


JIS B 8607 


Flare Type and Brazing Type Fittings for Refrigerants 
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Numbers 


Title 


JIS B 1189 


Hexagon Bolts with Flange 


JIS B 1190 


Hexagon Nuts with Flange 


JIS B 1451 


Rigid Flanged Shaft Couplings 


JIS B 1452 


Flexible Flanged Shaft Couplings 


JIS B 2201 


Pressure Ratings for Ferrous Material Pipe Flanges 
Replaced by B 2238 and B 2239 


JIS B 2202 


Dimensions for Pipe Flange Facing 


JIS B 2203 


Tolerances for Pipe Flanges Replaced by B 2238 and 
B 2239 


JIS B 2205 


Basis for Calculation of Pipe Flanges 


JIS B 2206 


Basis for Calculation of Aluminium Alloy Pipe Flanges 


JIS B 2207 


Basis for Calculation of Aluminium Alloy Pipe Flanges 
with Full Face Gasket 


JIS B 2210 


Basic Dimensions of Ferrous Material Pipe Flanges 
replaced by B 2238 and B 2239 


JIS B 2220 


Steel Welding Pipe Flanges 


JIS B 2240 


Basic Dimensions of Copper Alloy Pipe Flanges 


JIS B 2241 


Basic Dimensions of Aluminium Alloy Pipe Flanges 


JIS B 2990 


Vacuum Flanges R (1974) 


JIS B 2291 


21 MPa Slip-On Welding Pipe Flanges for Hydraulic 
Use 


JIS B 2292 


Hydraulic Fluid Power—Positive Displacement Pumps 
and Motors—Dimensions and Identification Code for 
Mounting Flanges and Shaft Ends Part 2: Two- and 
Four-Hole Flanges and Shaft Ends—Metric Series 
(ISO 3019-2) 


JIS B 2404 


Spiral-Wound Gaskets for Pipe Flanges 


JIS B 8273 


Bolted Flange for Pressure Vessels 


JIS B 8436 


Circular Flanged Mechanical Interfaces of Industrial 
Robots 


JIS B 8602 


Pipe Flanges for Refrigerants: (Errata—1994) 


JIS D 3106 


Sleeve Type Flanged Half Bearings for Automobile 
Engines 


JIS D 3631 


Shapes and Dimensions of Flange-Mounted and Screw- 
Mounted Nozzle Holders Size S for Road Vehicles 


JIS D 3701 


Dimensions of Carburetor Flanges for Automobiles 


JIS D 4304 


Dimension of Flanges to be Fitted up Clutch Housing 
for Automobiles R (1983) 


JIS F 7381 


Bronze 5 K Flanged Cocks for Marine Use 


JIS F 7801 


Face-To-Face Dimensions of Marine T Pieces with 
Flanges 


JIS F 7804 


Marine Silver Brazing 5 K Pipe Flanges 
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TABLE E10.J2 Japanese Standards for Flanges, Bolts, Nuts, and Gaskets (Continued) 


Numbers Title 


JIS F 7805 Basic Dimensions of Steel Flanges for Marine Exhaust 
Gas Pipe 


JIS F 7806 Ships’ 280 K and 350 K Socket Welding Pipe Flanges 


JIS G 3223 High Tensile Strength Steel Forgings for Tower 
Flanges 


JIS L 5105 Single Flange Rings 
JIS L 6412 Warp Beams and Beam Flanges for Looms 


JIS R 6259 Coated Abrasives—Flap Wheels with Incorporated 
Flanges or Separate Flanges— Designation and 
Dimensions 


JIS Z 1604 Plugs and Flanges for Steel Drums 
JIS B 2238 General Rules for Steel Pipe Flanges 
JIS B 2239 General Rules for Cast Iron Flanges 


JIS F 0602 Shipbuilding—Non-Asbestos Gaskets to Cargo Piping 
System—Application Standard 


JIS F 7102 Application Standard of Gaskets and Packings to 
Piping System in Marine Machinery 
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Numbers 


Title 


JIS B 0100 


Glossary of Terms for Valves 


JIS B 2001 


Nominal Size and Bore of Valves 


JIS B 2002 


Face-To-Face and End-To-End Dimensions of Valves 


JIS B 2003 


General Rules for Inspection of Valves 


JIS B 2004 


General Rules for Marking on Valves 


JIS B 2005 


Test Procedures for Flow Coefficients of Valves 


JIS B 2007 


Industrial-Process Control Valves—Inspection and 
Routine Testing 


JIS B 2011 


Bronze Gate, Globe, Angle and Check Valves edition 
1; Errata April —1997 


JIS B 2031 


Gray Cast Iron Valves 


JIS B 2032 


Wafer Type Rubber-Seated Butterfly Valves 


JIS B 2051 


Malleable Iron 10 K Screwed Valves 


JIS B 2061 


Faucets and Ball Taps 


JIS B 2062 


Sluice Valves for Water Works 


JIS B 2063 


Air Vent Valves for Water Works 


JIS B 2064 


Butterfly Valves for Water Works 


JIS B 2071 


Cast Steel Flanged Valves 


JIS B 2191 


Screwed Bronze Plug Cocks and Gland Cocks 


JIS B 8210 


Steam Boilers and Pressure Vessels—Spring Loaded 
Safety Valves 


JIS B 8225 


Safety Valves—Measuring Methods for Coefficient of 
Discharge 


JIS B 8244 


Valves for Dissolved Acetylene Cylinder 


JIS B 8245 


Valves for Liquefied Petroleum Gas Cylinder 


JIS B 8246 


High Pressure Gas Cylinders— Valves Edition 1 


JIS B 8355 


Subplate Type Solenoid Operated 4-Port Valves for 
Oil-Hydraulic Use R (1984) 


JIS B 8357 


Pressure Compensating Type Flow Control Valves for 
Oil-Hydraulic Use 


JIS B 8372 


Pressure Reducing Valves for Pneumatic Use 


JIS B 8373 


Pneumatic System—2-Port Solenoid Operated Valves 


JIS B 8374 


Pneumatic System—3-Port Solenoid Operated Valves 


JIS B 8375 


Pneumatic System—4-Port and 5-Port Solenoid 
Operated Valves; (Errata—1994) 


JIS B 8376 


Speed Control Valves for Pneumatic Use 


JIS B 8410 


Pressure Reducing Valves for Water 


JIS B 8414 


Relief Valves for Hot Water Appliances 


JIS B 8471 


Water Pipe Line—Solenoid Valves 


JIS B 8472 


Steam Pipe Line—Solenoid Valves 


INTERNATIONAL STANDARDS AND SPECIFICATIONS E.191 


TABLE E10.J3 Japanese Standards and Specifications for Valves (Continued) 


Numbers Title 


JIS B 8473 Fuel Oil Pipe Line—Solenoid Valves 
JIS B 8605 Stop Valves for Refrigerants 


JIS B 8619 Methods of Testing for Performance of Thermostatic 
Refrigerant Expansion Valves 

JIS B 8651 Test Methods for Electro-Hydraulic Proportional 
Pressure Relief Valves 

JIS B 8652 Test Methods for Electro-Hydraulic Proportional 
Pressure Reducing Valves and Electro-Hydraulic 
Proportional Pressure Reducing and Relieving 
Valves 


JIS B 8653 Test Methods for Electro-Hydraulic Proportional 
Metering Valves 


JIS B 8654 Test Methods for Electro-Hydraulic Proportional Series 
Flow Control Valves 

JIS B 8655 Test Methods for Electro-Hydraulic Proportional 
Directional Series Flow Control Valves 

JIS B 8656 Test Methods for Electro-Hydraulic Proportional 
Bypass Flow Control Valves 


JIS B 8657 Test Methods for Electro-Hydraulic Proportional 
Directional Bypass Flow Control Valves 


JIS B 8658 Rules of Electronic Amplifier for Electro-Hydraulic 
Control Valves 


JIS B 8659 Test Methods for Electro-Hydraulic Servo Valves 

JIS E 4102 Angle Cocks for Railway Rolling Stock 

JIS E 4105 Three-Way Cocks for Railway Rolling Stock 

JIS E 4115 Magnet Valves for Railway Rolling Stock 

JIS E 4117 Leveling Valves for Railway Rolling Stock 

JIS E 4306 Conductor's Valves for Railway Rolling Stock 

JIS E 7701 Safety Valves for High Pressure Gas Tank Car Tanks 


JIS F 0504 Application and Setting Pressure of Relief Valves for 
Ships’ Machinery 

JIS F 3018 Self Closing Parallel Cock Heads for Short Sounding 
Pipe 

JIS F 3019 Self-Closing Gate Valve Heads for Short Sounding 
Pipe 

JIS F 3024 Ships’ Deck Stands for Controlling Valves 

JIS F 3025 Remote Handling Fittings for Valves on Small Ships’ 
Forepeak Bulkhead 

JIS F 3026 Remote Handling Fittings for Valves in Small Ships’ 
Cargo Oil Tank 


JIS F 3056 Ships’ Foot Valves R (1971) 
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Numbers 


Title 


JIS F 3057 


Bronze Vertical Storm Valves 


JIS F 3058 


Cast Steel Vertical Storm Valves R (1977) 


JIS F 3059 


Bronze Screwdown Vertical Storm Valves 


JIS F 3060 


Cast Steel Screwdown Vertical Storm Valves 


JIS F 3303 


Flash Butt Welded Anchor Chain Cables 


JIS F 5610 


Forged Steel 20 K Reflex Type Water Gauges with 
Valves for Marine Boilers 


JIS F 5611 


Forged Steel 63 K Transparent Type Water Gauges 
with Valves for Marine Boilers 


JIS F 7007 


Abbreviation Used in Name Plate for Marine Valve 


JIS F 7211 


Marine 5 K Level Gauges with Valves 


JIS F 7212 


Marine Oil Level Gauges with Self Closing Valves 


JIS F 7213 


Marine 16 K Water Gauges with Valve 


JIS F 7216 


Marine Self Closing Valves for Oil Level Gauges 


JIS F 7300 


Application for Marine Valves and Cocks 


JIS F 7301 


Marine Bronze 5 K Globe Valves 


JIS F 7302 


Marine Bronze 5 K Angle Valves 


JIS F 7303 


Marine Bronze 16 K Globe Valves 


JIS F 7304 


Marine Bronze 16 K Angle Valves 


JIS F 7305 


Cast Iron 5 K Globe Valves for Marine Use 


JIS F 7306 


Cast Iron 5 K Angle Valves for Marine Use 


JIS F 7307 


Cast Iron 10 K Globe Valves for Marine Use 


JIS F 7308 


Cast Iron 10 K Angle Valves for Marine Use 


JIS F 7309 


Cast Iron 16 K Globe Valves for Marine Use 


JIS F 7310 


Cast Iron 16 K Angle Valves for Marine Use 


JIS F 7311 


Cast Steel 5 K Globe Valves for Marine Use 


JIS F 7312 


Cast Steel 5 K Angle Valves for Marine Use 


JIS F 7313 


Cast Steel 20 K Globe Valves for Marine Use 


JIS F 7314 


Cast Steel 20 K Angle Valves for Marine Use 


JIS F 7315 


Cast Steel 30 K Globe Valves for Marine Use 


JIS F 7316 


Cast Steel 30 K Angle Valves for Marine Use 


JIS F 7317 


Cast Steel 40 K Globe Valves for Marine Use 


JIS F 7318 


Cast Steel 40 K Angle Valves for Marine Use 


JIS F 7319 


Cast Steel 10 K Globe Valves for Marine Use 


JIS F 7320 


Cast Steel 10 K Angle Valves for Marine Use 


JIS F 7321 


Malleable Iron 5 K Globe Valves for Marine Use 


JIS F 7322 


Malleable Iron 5 K Angle Valves for Marine Use 


JIS F 7323 


Malleable Iron 16 K Globe Valves for Marine Use 


JIS F 7324 


Malleable Iron 16 K Angle Valves for Marine Use 


INTERNATIONAL STANDARDS AND SPECIFICATIONS E.193 


TABLE E10.J3 Japanese Standards and Specifications for Valves (Continued) 


Numbers Title 


JIS F 7329 Forged Steel 40 K Globe Valves for Marine Use 

JIS F 7330 Forged Steel 40 K Angle Valves for Marine Use 

JIS F 7333 Marine Cast Iron Hose Valves 

JIS F 7334 Marine Bronze Hose Valves 

JIS F 7336 Forged Steel Globe Air Valves for Marine Use 

JIS F 7337 Forged Steel Angle Air Valves for Marine Use 

JIS F 7340 Cast Steel Globe Air Valves for Marine Use 

JIS F 7341 Forged Steel 100 K Pressure Gauge Valves for Marine 
Use 

JIS F 7346 Bronze 5 K Globe Valves (Union Bonnet Type) for 
Marine Use 

JIS F 7347 Bronze 5 K Angle Valves (Union Bonnet Type) for 
Marine Use 

JIS F 7348 Bronze 16 K Globe Valves (Union Bonnet Type) for 
Marine Use 

JIS F 7349 Bronze 16 K Angle Valves (Union Bonnet Type) for 
Marine Use 

JIS F 7350 Marine Hull Cast Steel Angle Valves 


JIS F 7351 Marine Bronze 5 K Screw-Down Check Globe Valves 


JIS F 7352 Marine Bronze 5 K Screw-Down Check Angle Valves 


JIS F 7353 Cast Iron 5 K Screw-Down Check Globe Valves for 
Marine Use 


JIS F 7354 Cast Iron 5 K Screw-Down Check Angle Valves for 
Marine Use 


JIS F 7356 Marine Bronze 5 K Lift Check Valves 

JIS F 7358 Cast Iron 5 K Lift Check Globe Valves for Marine Use 
JIS F 7359 Cast Iron 5 K Lift Check Angle Valves for Marine Use 
JIS F 7360 Marine Hull Cast Steel Gate Valves 

JIS F 7363 Cast Iron 5 K Gate Valves for Marine Use 

JIS F 7364 Cast Iron 10 K Gate Valves for Marine Use 

JIS F 7365 Marine Hull Cast Steel Globe Valves 

JIS F 7366 Cast Steel 10 K Gate Valves for Marine Use 


JIS F 7367 Bronze 5 K Rising Stem Type Gate Valves for Marine 
Use 


JIS F 7368 Bronze 10 K Rising Stem Type Gate Valves for 
Marine Use 


JIS F 7369 Cast Iron 16 K Gate Valves for Marine Use 

JIS F 7371 Bronze 5 K Swing Check Valves for Marine Use 
JIS F 7372 Cast Iron 5 K Swing Check Valves for Marine Use 
JIS F 7373 Cast Iron 10 K Swing Check Valves for Marine Use 
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Numbers 


Title 


JIS F 7375 


Cast Iron 10 K Screw-Down Check Globe Valves for 
Marine Use 


JIS F 7376 


Cast Iron 10 K Screw-Down Check Angle Valves for 
Marine Use 


JIS F 7377 


Cast Iron 16 K Screw-Down Check Globe Valves for 
Marine Use 


JIS F 7378 


Cast Iron 16 K Screw-Down Check Angle Valves for 
Marine Use 


JIS F 7379 


Brass 30 K Stop Valves with Bite Joint(s) for Marine 
Use 


JIS F 7388 


Bronze 20 K Globe Valves for Marine Use 


JIS F 7389 


Bronze 20 K Angle Valves for Marine Use 


JIS F 7390 


Marine Cocks with Locks 


JIS F 7398 


Marine Fuel Oil Tank Self-Closing Drain Valves 


JIS F 7399 


Marine Fuel Oil Tank Emergency Shut-off Valves 


JIS F 7400 


Ship Valves and Cocks— General Inspection 
Requirement 


JIS F 7403 


Marine Hull Bronze Globe Valves 


JIS F 7404 


Marine Hull Bronze Angle Valves 


JIS F 7409 


Marine Bronze 16 K Scew-Down Check Globe Valves 


JIS F 7410 


Marine Bronze 16 K Scew-Down Check Angle Valves 


JIS F 7411 


Bronze 5 K Screw-Down Check Globe Valves for 
Marine Use (Union Bonnet Type) 


JIS F 7412 


Bronze 5 K Screw-Down Check Angle Valves for 
Marine Use (Union Bonnet Type) 


JIS F 7413 


Bronze 16 K Screw-Down Check Globe Valves for 
Marine Use (Union Bonnet Type) 


JIS F 7414 


Bronze 16 K Screw-Down Check Angle Valves for 
Marine Use (Union Bonnet Type) 


JIS F 7415 


Bronze 5 K Lift Check Globe Valves for Marine Use 
(Union Bonnet Type) 


JIS F 7416 


Bronze 5 K Lift Check Angle Valves for Marine Use 
(Union Bonnet Type) 


JIS F 7417 


Bronze 16 K Lift Check Globe Valves for Marine Use 
(Union Bonnet Type) 


JIS F 7418 


Bronze 16 K Lift Check Angle Valves for Marine Use 
(Union Bonnet Type) 


JIS F 7421 


Forged Steel 20 K Globe Valves for Marine Use 


JIS F 7422 


Forged Steel 20 K Angle Valves for Marine Use 


JIS F 7456 


Remote Shut-off Devices for Marine Fuel Oil Tank 
Emergency Shut-off Valves 


INTERNATIONAL STANDARDS AND SPECIFICATIONS E.195 


TABLE E10.J3 Japanese Standards and Specifications for Valves (Continued) 


Numbers Title 


JIS F 7457 Pneumatically Operated Remote Shut-off Devices for 
Marine Fuel Oil Tank Emergency Shut-off Valves 


JIS F 7471 Cast Steel 10 K Screw-Down Check Globe Valves for 
Marine Use 


JIS F 7472 Cast Steel 10 K Screw-Down Check Angle Valves for 
Marine Use 


JIS F 7473 Cast Steel 20 K Screw-Down Check Globe Valves for 
Marine Use 


JIS F 7474 Cast Steel 20 K Screw-Down Check Angle Valves for 
Marine Use 


JIS F 7475 Cast Steel Angle Air Valves for Marine Use 

JIS F 7480 Rubber-Seat Butterfly Valves for Marine Use 

JIS G 3561 Oil Tempered Wire for Valve Springs 

JIS S 2120 Gas Valves 

JIS S 2150 Manually Operated Gas Valves for Gas Appliances 
JIS S 2151 Automatic Gas Valves for Gas Appliances 

JIS S 3019 Oil Control Valves for Oil Burning Appliances 

JIS S 7303 SCUBA Diving Goods— Cylinder Valves 

JIS F 7425 Shipbuilding— Cast Iron Valves 


JIS F 7426 Shipbuilding— Cast Steel Valves 
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Numbers 


Title 


ISO 7-1 


Pipe Threads Where Pressure-Tight Joints Are Made 
on the Threads-Part 1: Dimensions, Tolerances and 
Designation Third Edition 


Pipe Threads Where Pressure-Tight Joints Are Made 
on the Threads-Part 2: Verification by Means of Limit 
Gauges First Edition 


ISO 228-1 


Pipe Threads Where Pressure-Tight Joints Are Not 
Made on the Threads- Part 1: Dimensions, Tolerances 
and Designation Third Edition 


ISO 228-2 


Pipe Threads Where Pressure-Tight Joints Are Not 
Made on the Threads- Part 2: Verification by Means of 
Limit Gauges Second Edition 


ISO 392 


Asbestos-Cement Pipe Fittings for Building and 
Sanitary Purposes First Edition 


ISO 580 


Injection-Moulded Unplasticized Poly(Vinyl Chloride) 
(PVC-U) Fittings—Oven Test—Test Method and 
Basic Specifications Second Edition 


ISO 1179 


Pipe Connections, Threaded to ISO 228/1, for Plain 
End Steel and Other Metal Tubes in Industrial 
Applications Second Edition 


ISO 2035 


Unplasticized Polyvinyl Chloride (PVC) Moulded 
Fittings for Elastic Sealing Ring Type Joints for Use 
Under Pressure—Pressure-Resistance Test First 
Edition 


ISO 2044 


Unplasticized Polyvinyl Chloride (PVC) Injection- 
Moulded Solvent-Welded Socket Fittings for Use with 
Pressure Pipe—Hydraulic Internal Pressure Test First 
Edition 


ISO 2284 


Hand Taps for Parallel and Taper Pipe 
Threads— General Dimensions and Marking Third 
Edition 


ISO 2507-1 


Thermoplastic Pipes and Fittings— Vicat Softening 
Temperature-Part 1: General Test Method First 
Edition; (Replaces ISO 2507) 


ISO 2507-2 


Thermoplastic Pipes and Fittings— Vicat Softening 
Temperature- Part 2: Test Conditoins for Unplasticized 
Poly(Vinyl Chloride) (PVC-U) or Chlorinated 
Poly(Vinyl Chloride) (PVC-C) Pipes and Fittings and 
for High Impact Resistance Poly(Vinyl Chloride) 
(PVC-HI) Pipes First Edition (Replaces ISO 2507) 


ISO 2507-3 


Thermoplastics Pipes and Fittings— Vicat Softening 
Temperature— Part 3: Test Conditions for 
Acrylonitrile/Butadiene/Styrene (ABS) and 
Acrylonitrile/Styrene/Acrylic Ester (ASA) Pipes and 
Fittings First Edition 


ISO 2852 


Stainless Steel Clamp Pipe Couplings for the Food 
Industry Second Edition 
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(Continued) 


Numbers Title 


ISO 3183-1 Petroleum and Natural Gas Industries— Steel Pipe for 
Pipelines— Technical Delivery Conditions-Part 1: Pipes 
of Requirement Class A Second Edition 

ISO 3183-2 Petroleum and Natural Gas Industries— Steel Pipe for 
Pipelines— Technical Delivery Conditions-Part 2: Pipes 
of Requirements Class B Second Edition 

ISO TR 3313 Measurement of Pulsating Fluid Flow in a Pipe by 
Means of Orifice Plates, Nozzles or Venturi Tubes 
Second Edition 

ISO 3458 Assembled Joints Between Fittings and Polyethylene 
(PE) Pressure Pipes— Test of Leakproofness Under 
Internal Pressure First Edition 

ISO 3459 Polyethylene (PE) Pressure Pipes—Joints Assembled 
with Mechanical Fittings—Internal Under-Pressure 
Test Method and Requirement First Edition 

ISO 3477 Polypropylene (PP) Pipes and Fittings—Density— 
Determination and Specification Second Edition 

ISO 3503 Assembled Joints Between Fittings and Polyethylene 
(PE) Pressure Pipes— Test of Leakproofness Under 


Internal Pressure When Subjected to Bending First 
Edition 


ISO 3514 Chlorinated Polyvinyl Chloride (CPVC) Pipes and 
Fittings— Specification and Determination of Density 
First Edition 


ISO 3603 Fittings for Unplasticized Polyvinyl Chloride (PVC) 
Pressure Pipes with Elastic Sealing Ring Type 
Joints— Pressure Test for Leakproofness First Edition 
ISO 3604 Fitting for Unplasticized Polyvinyl Chloride (PVC) 
Pressure Pipes with Elastic Sealing Ring Type 
Joints— Pressure Test for Leakproofness Under 
Conditions of External Hydraulic Pressure First 
Edition 

ISO 4059 Polyethylene (PE) Pipes— Pressure Drop in 
Mechanical Pipe-Jointing Systems—Method of Test 
and Requirements First Edition 

ISO 4230 Hand- and Machine-Operated Circular Screwing Dies 
for Taper Pipe Threads—R Series Second Edition 
ISO 4231 Hand- and Machine-Operated Circular Screwing Dies 
for Parallel Pipe Threads—G Series Second Edition 
ISO 4434 Unplasticized Polyvinyl Chloride (PVC) Adaptor 
Fittings for Pipes Under Pressure—Laying Length and 
Size of Threads—Metric Series First Edition 


ISO 4439 Unplasticized Polyvinyl Chloride (PVC) Pipes and 
Fittings— Determination and Specification of Density 
First Edition 
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(Continued) 


Numbers 


Title 


ISO 4451 


Polyethylene (PE) Pipes and Fittings— Determination 
of Reference Density of Uncoloured and Black 
Polyethylenes First Edition; (Erratum-1980) 


ISO 4488 


Asbestos— Cement Pipes and Joints for Thrust-Boring 
and Pipe Jacking First Edition 


ISO 5168 


Measurement of Fluid Flow—Estimation of 
Uncertainty of a Flow-Rate Measurement First Edition 


ISO 5969 


Ground Thread Taps for Pipe Threads G Series and 
Rp Series—Tolerances on the Threaded Portion First 
Edition; (Corrigendum 1-1991) 


ISO 6605 


Hydraulic Fluid Power—Hose Assemblies—Method of 
Test First Edition 


ISO 6964 


Polyolefin Pipes and Fittings—Determination of 
Carbon Black Content by Calcination and Pyrolysis— 
Test Method and Basic Specification First Edition 


ISO 7268 


Pipe Components—Definition of Nominal Pressure 
First Edition: (Amendment 1-1984) 


ISO 7278-2 


Liquid Hydrocarbons—Dynamic Measurement— 
Proving Systems for Volumetric Meters—Part 2: Pipe 
Provers First Edition; (CEN EN ISO 7278-2: 1995) 


ISO 7387-1 


Adhesives with Solvents for Assembly of PVC-U Pipe 
Elements—Characterization—Part 1: Basic Test 
Methods First Edition 


ISO 7608 


Shipbuilding—Inland Navigation—Couplings for 
Disposal of Oily Mixture and Sewage Water First 
Edition 


ISO 8142 


Thermal Insulation—Bonded Preformed Man-Made 
Mineral Fibre Pipe Sections—Specification First 
Edition 


ISO 8361-1 


Thermoplastics Pipes and Fittings—Water 
Absorption-Part 1: General Test Method First Edition 


ISO 8361-2 


Thermoplastics Pipes and Fittings— Water 
Absorption-Part 2: Test Conditions for Unplasticized 
Poly(Vinyl Chloride) (PVC-U) Pipes and Fittings First 
Edition 


ISO 8361-3 


Thermoplastics Pipes and Fittings— Water 
Absorption-Part 3: Test Conditions for Acrylonitrile/ 
Butadiene/Styrene (ABS) Pipes and Fittings First 
Edition 


ISO 8497 


Thermal Insulation— Determination of Steady-State 
Thermal Transmision Properties of Thermal Insulation 
for Circular Pipes First Edition CEN EN ISO 8497: 
1996 
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Numbers Title 


ISO TR 9080 Thermoplastics Pipes for the Transport of 
Fluids—Methods of Extrapolation of Hydrostatic 
Stress Rupture Data to Determine the Long-Term 
Hydrostatic Strength of Thermoplastics Pipe Materials 
First Edition 


ISO 9261 Agricultural Irrigation Equipment—Emitting-Pipe 
Systems— Specification and Test Methods First Edition 
ISO 9356 Polyolefin Pipe Assemblies with or Without Jointed 
Fittings— Resistance to Internal Pressure— Test 
Method First Edition 

ISO 9691 Rubber—Recommendations for the Workmanship of 
Pipe Joint Rings— Description and Classification of 
Imperfections First Edition 

ISO TR 9824-1 Measurement of Free Surface Flow in Closed 
Conduits-Part 1: Methods First Edition 


ISO TR 9824-2 Measurement of Free Surface Flow in Closed 
Conduits-Part 2: Equipment First Edition 


ISO 9853 Injection-Moulded Unplasticized Poly(Vinyl Chloride) 
(PVC-U) Fittings for Pressure Pipe Systems— Crushing 
Test First Edition 


ISO 10400 Petroleum and Natural Gas Industries—Formulae and 
Calculation for Casing, Tubing, Drill Pipe and Line 
Pipe Properties First Edition 


ISO 10420 Petroleum and Natural Gas Industries—Flexible Pipe 
Systems for Subsea and Marine Riser Applications 
First Edition 

ISO 10422 Petroleum and Natural Gas Industries— Threading, 
Gauging, and Inspection of Casing, Tubing and Line 
Pipe Threads— Specification First Edition 

ISO 11413 Plastics Pipes and Fittings— Preparation of Test Piece 
Assemblies Between a Polyethylene (PE) Pipe and an 
Electrofusion Fitting First Edition 

ISO 11414 Plastics Pipes and Fittings— Preparation of 
Polyethylene (PE) Pipe/Pipe or Pipe/Fitting Test Piece 
Assemblies by Butt Fusion First Edition 

ISO 11420 Method for the Assessment of the Degree of Carbon 
Black Dispersion in Polyolefin Pipes, Fittings and 
Compounds First Edition 

ISO TR 11647 Fusion Compatibility of Polyethylene (PE) Pipes and 
Fittings First Edition 

ISO 11961 Petroleum and Natural Gas Industries— Steel Pipes for 
Use as Drill Pipe—Specification First Edition 
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ISO 13783 


Plastics Piping Systems—Unplasticized Poly(Vinyl 
Chloride) (PVC-U) End-Load-Bearing Double-Socket 
Joints— Test Method for Leaktightness and Strength 
While Subjected to Bending and Internal Pressure First 
Edition 


ISO 540 


Solid Mineral Fuels— Determination of Fusibility of 
Ash—High-Temperature Tube Method Third Edition 


ISO 1635-2 


Seamless Wrought Copper and Copper Alloy 
Tube- Part 2: Technical Conditions of Delivery for 
Condenser and Heat-Exchanger Tubes First Edition 


ISO 1651 


Tube Drawing Mandrels First Edition; Amendment 
1-1982 


ISO 1684 


Wire, Bar and Tube Drawing Dies— Specifications 
First Edition; Amendment 2-1982 


ISO 2718 


Standard Layout for a Method of Chemical Analysis 
by Gas Chromatography First Edition 


ISO 2804 


Wire, Bar or Tube Drawing Dies—As-Sintered Pellets 
of Hardmetal (Carbide)— Dimensions Second Edition 


ISO 4397 


Fluid Power Systems and Components— Connectors 
and Associated Components—Nominal Outside 
Diameters of Tubes and Nominal Inside Diameters of 
Hoses Second Edition 


ISO 5361-5 


Tracheal Tubes—Part 5: Requirements and Methods of 
Test for Cuffs and Tubes First Edition; (CSA CAN/ 
CSA-Z5361-94) 


ISO 5730 


Stationary Shell Boilers of Welded Construction (Other 
Than Water-Tube Boilers) First Edition 


ISO 6207 


Seamless Nickel and Nickel Alloy Tube First Edition 


ISO 7228 


Tracheal Tube Connectors Third Edition; (CSA CAN/ 
CSA-Z7228-94) 


ISO 8434-1 


Metallic Tube Connections for Fluid Power and 
General Use-Part 1: 24 Degree Compression Fittings 
First Edition; (Replaces ISO 8434) 


ISO 8434-2 


Metallic Tube Connections for Fluid Power and 
General Use- Part 2: 37 Degree Flared Fittings First 
Edition; (Replaces ISO 8434) 


ISO 8434-3 


Metallic Tube Connections for Fluid Power and 
General Use-Part 3: O-Ring Face Seal Fittings First 
Edition 


ISO 8434-4 


Metallic Tube Connections for Fluid Power and 
General Use- Part 4: 24 Degree Cone Connectors with 
O-Ring Weld-On Nipples First Edition 


ISO 8434-5 


Metallic Tube Connections for Fluid Power and 
General Use-Part 5: Test Methods for Threaded 
Hydraulic Fluid Power Connections First Edition 
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ISO 8491 Metallic Materials— Tube (In Full Section) —Bend Test 
First Edition 


ISO 8492 Metallic Materials— Tube— Flattening Test First 
Edition 
ISO 8493 Metallic Materials— Tube— Drift Expanding Test First 
Edition 
ISO 8494 Metallic Materials— Tube— Flanging Test First 
Edition 
ISO 8495 Metallic Materials— Tube— Ring Expanding Test First 
Edition 
ISO 8496 Metallic Materials— Tube— Ring Tensile Test First 
Edition 

ISO 8762 Workplace Air—Determination of Vinyl 


Chloride— Charcoal Tube/Gas Chromatographic 
Method First Edition 


ISO 9095 Steel Tubes— Continuous Character Marking and 
Colour Coding for Material Identification First 
Edition 

ISO 9455-12 Soft Soldering Fluxes— Test Methods- Part 12: Steel 
Tube Corrosion Test First Edition (CENELEC EN 
ISO 9455-12-1994) 


ISO 9486 Workplace Air—Determination of Vaporous 
Chlorinated Hydrocarbons— Charcoal Tube/Solvent 
Desorption/Gas Chromatographic Method First 
Edition 


ISO 9487 Workplace Air—Determination of Vaporous Aromatic 
Hydrocarbons— Charcoal Tube/Solvent Desorption/ 
Gas Chromatographic Method First Edition 


ISO 11496 Seamless and Welded Steel Tubes for Pressure 
Purposes— Ultrasonic Testing of Tube Ends for the 
Detection of Laminar Imperfections First Edition 


ISO 13664 Seamless and Welded Steel Tubes for Pressure 
Purposes—Magnetic Particle Inspection of the Tube 
Ends for the Detection of Laminar Imperfections First 
Edition 

ISO 13665 Seamless and Welded Steel Tubes for Pressure 
Purposes—Magnetic Particle Inspection of the Tube 
Body for the Detection of Surface Imperfections First 
Edition 

ISO 49 Malleable Cast Iron Fittings Threaded to ISO 7-1 
Second Edition; Corrigendum 1 02/15/1997 

ISO 264 Unplasticized Polyvinyl Chloride (PVC) Fittings With 
Plain Sockets for Pipes Under Pressure—Laying 


Length— Metric Series First Edition; Addendum 
1-1982 
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ISO 265-1 


Pipes and Fittings of Plastics Materials— Fittings for 
Domestic and Industrial Waste Pipes— Basic 
Dimensions: Metric Series-Part 1: Unplasticized 
Poly(Vinyl Chloride) (PVC-U) First Edition 


ISO 727 


Fittings of Unplasticized Polyvinyl Chloride (PVC-U), 
Chlorinated Polyvinyl Chloride (PVC-C) or 
Acrylonitrile/Butadiene/Styrene (ABS) with Plain 
Sockets for Pipes Under Pressure— Dimensions of 
Sockets—Metric Series Fourth Edition 


ISO 881 


Asbestos-Cement Pipes, Joints and Fittings for 
Sewerage and Drainage First Edition 


ISO 2016 


Capillary Solder Fittings for Copper Tubes— Assembly 
Dimensions and Tests First Edition 


ISO 2048 


Double-Socket Fittings for Unplasticized Poly(Vinyl 
Chloride) (PVC-U) Pressure Pipes with Elastic Sealing 
Ring Type Joints—Minimum Depths of Engagement 
Second Edition 


ISO 2531 


Ductile Iron Pipes, Fittings and Accessories for 
Pressure Pipelines Fourth Edition 


ISO 2851 


Metal Pipes and Fittings— Stainless Steel Bends and 
Tees for the Food Industry First Edition 


ISO 3253 


Hose Connections for Equipment for Welding, Cutting 
and Related Processes First Edition 


ISO 3419 


Non-Alloy and Alloy Steel Butt-Welding Fittings 
Second Edition; (Erratum-1982) 


ISO 3501 


Assembled Joints Between Fittings and Polyethylene 
(PE) Pressure Pipes—Test of Resistance to Pull out 
First Edition 


ISO 3545-1 


Steel Tubes and Fittings— Symbols for Use in 
Specifications-Part 1: Tubes and Tubular Accessories 
with Circular Cross-Section First Edition 


ISO 35452 


Steel Tubes and Fittings— Symbols for Use in 
Specifications—Part 2: Square and Rectangular Hollow 
Sections First Edition 


ISO 3545-3 


Steel Tubes and Fittings— Symbols for Use in 
Specifications-Part 3: Tubular Fittings with Circular 
Cross-Section First Edition 


ISO 3586 


Glass Plant, Pipeline and Fittings—General Rules for 
Testing, Handling and Use First Edition 


ISO 3587 


Glass Plant, Pipeline and Fittings— Pipeline and 
Fittings of Nominal Bore 15 to 150 mm— Compatibility 
and Interchangeability First Edition; (Erratum-1979) 


ISO 3633 


Unplasticized Poly(Vinyl Chloride) (PVC-U) Pipes and 
Fittings for Soil and Waste Discharge (Low and High 
Temperature) Systems Inside Buildings— Specifications 
First Edition 
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ISO 4056 Polyethylene (PE) Pipes and Fittings— Designation of 
Polyethylene, Based on Nominal Density and Melt 
Flow Index First Edition 


ISO 4132 Unplasticized Polyvinyl Chloride (PVC) and Metal 
Adaptor Fittings for Pipes Under Pressure—Laying 
Lengths and Size of Threads—Metric Series First 
Edition 

ISO 4144 Stainless Steel Fittings Threaded to ISO 7/1 First 
Edition 

ISO 4145 Non-Alloy Steel Fittings Threaded to ISO 7/1 Second 
Edition 

ISO 4422-1 Pipes and Fittings Made of Unplasticized Poly(Vinyl 
Chloride) (PVC-U) for Water Supply—Specifications— 
Part 1: General First Edition; Supersedes ISO 4422: 
1990 


ISO 4422-2 Pipes and Fittings Made of Unplasticized Poly(Vinyl 
Chloride) (PVC-U) for Water Supply—Specifications— 
Part 2: Pipes (With or Without Integral Sockets) First 
Edition 

ISO 4422-3 Pipes and Fittings Made of Unplasticized Poly(Vinyl 
Chloride) (PVC-U) for Water Supply—Specifications— 
Part 3: Fittings and Joints First Edition; Supersedes 
ISO 4422: 1990 


ISO 4422-5 Pipes and Fittings Made of Unplasticized Poly(Vinyl 
Chloride) (PVC-U) for Water Supply—Specifications— 
Part 5: Fitness for Purpose of the System First Edition; 
Supersedes ISO 4422: 1990 


ISO 4435 Unplasticized Poly(Vinyl Chloride) (PVC-U) Pipes and 
Fittings for Buried Drainage and Sewerage Systems— 
Specifications First Edition 


ISO 4440-1 Thermoplastics Pipes and Fittings— Determination of 
Melt Mass-Flow Rate—Part 1: Test Method First 
Edition 


ISO 4440-2 Thermoplastics Pipes and Fittings— Determination of 
Melt Mass-Flow Rate- Part 2: Test Conditions First 
Edition 


ISO 4486 Asbestos-Cement Ventilation Ducts and Fittings— 
Dimensions and Characteristics First Edition 


ISO 4704 Glass Plant, Pipeline and Fittings— Glass Plant 
Components First Edition; (Erratum-1979) 

ISO 5251 Stainless Steel Butt-Welding Fittings First Edition 
ISO 5256 Steel Pipes and Fittings for Buried or Submerged 


Pipelines—External and Internal Coating by Bitumen 
or Coal Tar Derived Materials First Edition 


ISO 6447 Rubber Seals—Joint Rings Used for Gas Supply Pipes 
and Fittings—Specification for Material First Edition 
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ISO 6448 


Rubber Seals—Joint Rings Used for Petroleum 
Product Supply Pipes and Fittings— Specification for 
Material First Edition 


ISO 6455 


Unplasticized Polyvinyl Chloride (PVC) Fittings with 
Elastic Sealing Ring Type Joints for Pipes Under 
Pressure— Dimensions of Laying Lengths—Metric 
Series First Edition 


ISO 6594 


Cast Iron Drainage Pipes and Fittings—Spigot Series 
First Edition; (Corrected and Reprinted-1985) 


ISO 6761 


Steel Tubes— Preparation of Ends of Tubes and 
Fittings for Welding First Edition 


ISO TR 7074 


Performance Requirements for Plastic Pipes and 
Fittings for Use in Underground Drainage and Sewage 
First Edition 


ISO 7245 


Pipes and Fittings of Acrylonitrile-Butadiene-Styrene 
(ABS)— General Specification for Moulding and 
Extrusion Materials First Edition 


ISO 7246 


Pipes and Fittings of Acrylonitrile/Styrene/Acrylester 
(ASA)— General Specification for Moulding and 
Extrusion Materials First Edition 


ISO 7279 


Polypropylene (PP) Fittings for Pipes Under 
Pressure— Sockets for Fusion Using Heated 
Tools— Metric Series—Dimensions of Sockets First 
Edition 


ISO 7370 


Glass Fibre Reinforced Thermosetting Plastics (GRP) 
Pipes and Fittings—Nominal Diameters, Specified 
Diameters and Standard Lengths First Edition 


ISO 7671 


Polypropylene (PP) Pipes and Fittings (Jointed by 
Means of Elastomeric Sealing Rings) for Soil and 
Waste Discharge (Low and High Temperature) 
Systems Inside Buildings— Specifications First Edition 


ISO 7675 


Chlorinated Poly(Vinyl Chloride) (PVC-C) Pipes and 
Fittings for Soil and Waste Discharge (Low and High 
Temperature) Systems Inside Buildings— Specifications 
First Edition 


ISO 7682 


Acrylonitrile/Butadiene/Styrene (ABS) Pipes and 
Fittings for Soil and Waste Discharge (Low and High 
Temperature) Systems Inside Buildings— Specifications 
First Edition 


ISO 7686 


Plastics Pipes and Fittings—Opacity— Test Method 
First Edition 


ISO 8283-1 


Plastics Pipes and Fittings— Dimensions of Sockets and 
Spigots for Discharge Systems Inside Buildings- Part 1: 
Unplasticized Poly(Vinyl Chloride) (PVC-U) and 
Chlorinated Poly (Vinyl Chloride) (PVC-C) First 
Edition 
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ISO 8283-2 Plastics Pipes and Fittings— Dimensions of Sockets and 
Spigots for Discharge Systems Inside Buildings- Part 2: 
Polyethylene (PE) First Edition 


ISO 8283-3 Plastics Pipes and Fittings— Dimensions of Sockets and 
Spigots for Discharge Systems Inside Buildings- Part 3: 
Polypropylene (PP) First Edition 


ISO 8283-4 Plastics Pipes and Fittings— Dimensions of Sockets and 
Spigots for Discharge Systems Inside Buildings- Part 4: 
Acrylonitrile/Butadiene/Styrene (ABS) First Edition 


ISO 8434-1 Metallic Tube Connections for Fluid Power and 
General Use-Part 1: 24 Degrees Compression Fittings 
First Edition; (Replaces ISO 8434) 


ISO 8434-2 Metallic Tube Connections for Fluid Power and 
General Use- Part 2: 37 Degree Flared Fittings First 
Edition; (Replaces ISO 8434) 


ISO 8434-3 Metallic Tube Connections for Fluid Power and 
General Use-Part 3: O-Ring Face Seal Fittings First 
Edition 

ISO 8572 Pipes and Fittings Made of Glass-Reinforced 
Thermosetting Plastics (GRP)— Definitions of Terms 
Relating to Pressure, Including Relationships Between 
Them, and Terms for Installation and Jointing First 
Edition 

ISO 8770 High-Density Polyethylene (PE-HD) Pipes and Fittings 
for Soil and Waste Discharge (Low and High 
Temperature) Systems Inside Buildings— Specifications 
First Edition 


ISO 8772 High-Density Polyethylene (PE-HD) Pipes and Fittings 
for Buried Drainage and Sewerage Systems— 
Specifications First Edition 

ISO 8773 Polypropylene (PP) Pipes and Fittings for Buried 
Drainage and Sewerage Systems— Specifications First 
Edition 

ISO 8796 Polyethylene (PE) 25 Pipes for Irrigation Laterals— 
Susceptibility to Environmental Stress-Cracking 
Induced by Insert-Type Fittings— Test Method and 
Specification First Edition 

ISO 9095 Steel Tubes— Continuous Character Marking and 
Colour Coding for Material Identification First Edition 
ISO 9623 PE/Metal and PP/Metal Adaptor Fittings for Pipes for 
Fluids Under Pressure— Design Lengths and Size of 
Threads—Metric Series First Edition 

ISO 9625 Mechanical Joint Fittings for Use with Polyethylene 
Pressure Pipes for Irrigation Purposes First Edition 


ISO 9803 Vacuum Technology— Pipeline Fittings—Mounting 
Dimensions First Edition 
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ISO 9808 


Solar Water Heaters—Elastomeric Materials for 
Absorbers, Connecting Pipes and Fittings—Method of 
Assessment First Edition 


ISO 10147 


Pipes and Fittings Made of Crosslinked Polyethylene 
(PE-X)— Estimation of the Degree of Crosslinking by 
Determination of the Gel Content First Edition 


ISO TR 10358 


Plastics Pipes and Fittings— Combined Chemical- 
Resistance Classification Table First Edition; (Cancels 
and Replaces TR 6285, TR 7471, TR 7472, TR 7473, 
TR 7474) 


ISO 10508 


Thermoplastics Pipes and Fittings for Hot and Cold 
Water Systems First Edition 


ISO 10806 


Pipework-Non-Alloyed and Stainless Steel Fittings for 
Corrugated Flexible Metallic Hoses First Edition 


ISO TR 10837 


Determination of the Thermal Stability of Polyethylene 
(PE) for Use in Gas Pipes and Fittings First Edition 


ISO 10928 


Plastics Piping Systems— Glass-Reinforced 
Thermosetting Plastics (GRP) Pipes and Fittings— 
Methods for Regression Analysis and Their Use First 
Edition 


ISO 10931-3 


Plastics Piping Systems for Industrial Applications— 
Poly(Vinylidene Fluoride) (PVDF)- Part 3: Fittings 
First Edition 


ISO TR 11295 


Techniques for Rehabilitation of Pipeline Systems by 
the Use of Plastics Pipes and Fittings First Edition 


ISO 12162 


Thermoplastics Materials for Pipes and Fittings for 
Pressure Applications— Classification and 
Designation— Overall Service (Design) Coefficient 
First Edition (CEN EN ISO 12162: 1995) 


ISO 13761 


Plastics Pipes and Fittings— Pressure Reduction Factors 
for Polyethylene Pipeline Systems for Use at 
Temperatures Above 20 Degrees C First Edition 
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ISO 666 Machine Tools— Mounting of Plain Grinding Wheels 
by Means of Hub Flanges Second Edition 


ISO 1609 Vacuum Technology—Flange Dimensions First Edition 


ISO 2536 Unplasticized Polyvinyl Chloride (PVC) Pressure Pipes 
and Fittings, Metric Series— Dimensions of Flanges 
First Edition 


ISO 3019-1 Hydraulic Fluid Power— Positive Displacement Pumps 
and Motors—Dimensions and Identification Code for 
Mounting Flanges and Shaft Ends- Part 1: Inch Series 
Shown in Metric Units First Edition; (Erratum-1975) 


ISO 3019-2 Hydraulic Fluid Power— Positive Displacement Pumps 
and Motors—Dimensions and Identification Code for 
Mounting Flanges and Shaft Ends-Part 2: Two- and 
Four-Hole Flanges and Shaft Ends— Metric Series 
Second Edition 

ISO 3019-3 Hydraulic Fluid Power— Positive Displacement Pumps 
and Motors—Dimensions and Identification Code for 
Mounting Flanges and Shaft Ends- Part 3: Polygonal 
Flanges (Including Circular Flanges) Second Edition 
ISO 3663 Polyethylene (PE) Pressure Pipe and Fittings, Metric 
Series— Dimensions of Flanges First Edition 


ISO 3669 Vacuum Technology—Bakable Flanges— Dimensions 
First Edition 


ISO 5211-1 Part-Turn Valve Actuator Attachment-Part 1: Flange 
Dimensions First Edition 

ISO 52112 Part-Turn Valve Actuator Attachment-Part 2: Flange 
and Coupling Performance Characteristics First Edition 


ISO 5429 Coated Abrasives—Flap Wheels with Incorporated 
Flanges or Separate Flanges—Designation and 
Dimensions First Edition 


ISO 6580 General Purpose Industrial Fans—Circular Flanges— 
Dimensions First Edition 


ISO 7005-1 Metallic Flanges—Part 1: Steel Flanges First Edition; 
(AS/NZS 4331.1: 1995) 


ISO 7005-2 Metallic Flanges—Part 2: Cast Iron Flanges First 
Edition; (Supersedes ISO 2084, ISO 2229 and ISO 
2441) (AS/NZS 4331.2: 1995) 


ISO 7005-3 Metallic Flanges—Part 3: Copper Alloy and Composite 
Flanges First Edition; (Supersedes ISO 2084, ISO 2229 
and ISO 2441) (AS/NZS 4331.3: 1995) 

ISO 7299 Diesel Engines—End-Mounting Flanges for Fuel 
Injection Pumps Second Edition 

ISO 9624 Thermoplastics Pipes for Fluids Under Pressure— 


Mating Dimensions of Flange Adapters and Loose 
Backing Flanges First Edition 
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ISO 12129-2 


Plain Bearing—Part 2: Tolerances on Form and Position 
and Surface Roughness for Shafts, Flanges and Thrust 
Collars First Edition 


ISO 4708 


Cork-Composition Cork Gasket Material—Test 
Methods First Edition 


ISO 4709 


Cork-Composition Cork Gasket Material— 
Specifications First Edition 


ISO 5892 


Rubber Building Gaskets—Materials for Preformed 
Solid Vulcanized Structural Gaskets—Specification 
First Edition 


ISO 7483 


Dimensions of Gaskets for Use with Flanges to ISO 
7005 First Edition; (Corrigendum 1-1995) 


ISO 225 


Fasteners-Bolts, Screws, Studs and Nuts—Symbols and 
Designations of Dimensions Second Edition 


ISO 262 


ISO General Purpose Metric Screw Threads—Selected 
Sizes for Screws, Bolts and Nuts 


ISO 263 


ISO Inch Screw Threads-General Plan and Selection 
for Screws, Bolts and Nuts-Diameter Range 0.06 to 6 
in First Edition 


ISO 273 


Fasteners—Clearance Holes for Bolts and Screws First 
Edition; Amendment Slip-1979; NZS/ISO 273: 1979 


ISO 885 


General Purpose Bolts and Screws— Metric Series— 
Radii Under the Head First Edition 


ISO 887 


Plain Washers for Metric Bolts, Screws and Nuts— 
General Plan First Edition 


ISO 888 


Bolts, Screws and Studs—Nominal Lengths, and 
Thread Lengths for General Purpose Bolts First 
Edition 


ISO 898-1 


Mechanical Properties of Fasteners-Part 1: Bolts, 
Screws and Studs Second Edition; AS/NZS 4291.1: 
1995 


ISO 898-7 


Mechanical Properties of Fasteners-Part 7: Torsional 
Test and Minimum Torques for Bolts and Screws with 
Nominal Diameters 1 mm to 10 mm First Edition; 
CEN EN 20898-7: 1995 


ISO 965-2 


ISO General Purpose Metric Screw Threads— 
Tolerances Part 2: Limits of Sizes for General Purpose 
Bolt and Nut Threads—Medium Quality Second 
Edition 


ISO R1501 


ISO Miniature Screw Threads First Edition 


ISO 1891 


Bolts, Screws, Nuts and Accessories— Terminology and 
Nomenclature First Edition; Amendment Slip-1980 


ISO 4014 


Hexagon Head Bolts—Product Grades A and B 
Second Edition; (AS/NZS 1110: 1995) 
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ISO 4015 Hexagon Head Bolts—Product Grade B— Reduced 
Shank (Shank Diameter is Approximately Equal to 
Pitch Diameter) First Edition 


ISO 4016 Hexagon Head Bolts—Product Grade C Second 
Edition 
ISO 4162 Hexagon Flange Bolts—Small Series First Edition 


ISO 4759-1 Tolerances for Fasteners—Part 1: Bolts, Screws and 
Nuts with Thread Diameters Greater Than or Equal to 
1,6 and Less Than or Equal to 150 mm and Product 
Grades A, B and C First Edition 


ISO 4759-2 Tolerances for Fasteners- Part 2: Bolts, Screws and 
Nuts with Thread Diameters from 1 up to 3 mm and 
Product Grade F, for Fine Mechanics First Edition; 
(Amendment Slip-1980) 


ISO 4759-3 Tolerances for Fasteners- Part 3: Plain Washers for 
Bolts, Screws and Nuts with Nominal Thread 
Diameters from 1 mm up to and Including 150 
mm-Product Grades A and C Second Edition 


ISO 6157-1 Fasteners— Surface Discontinuities-Part 1: Bolts, 
Screws and Studs for General Requirements First 
Edition 

ISO 6157-3 Fasteners— Surface Discontinuities-Part 3: Bolts, 
Screws and Studs for Special Requirements First 
Edition 

ISO 7378 Fasteners— Bolts, Screws and Studs— Split Pin Holes 
and Wire Holes First Edition 


ISO 7411 Hexagon Bolts for High-Strength Structural Bolting 
with Large Width Across Flats (Thread Lengths 
According to ISO 888)— Product Grade C— Property 
Classes 8.8 and 10.9 First Edition 


ISO 7412 Hexagon Bolts for High-Strength Structural Bolting 
with Large Width Across Flats (Short Thread 
Length)— Product Grade C— Property Classes 8.8 and 
10.9 First Edition 


ISO 8677 Cup Head Square Neck Bolts with Large Head— 
Product Grade C First Edition 


ISO 8678 Cup Head Square Neck Bolts with Small Head and 
Short Neck— Product Grade B First Edition 


ISO 8765 Hexagon Head Bolts with Metric Fine Pitch 
Thread— Product Grades A and B First Edition 


ISO 8839 Mechanical Properties of Fasteners— Bolts, Screws, 
Studs and Nuts Made of Non-Ferrous Metals First 
Edition 


ISO 8992 Fasteners—General Requirements for Bolts, Screws, 
Studs and Nuts First Edition 
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ISO 683-15 


Heat-Treatable Steels, Alloy Steels and Free-Cutting 
Steels-Part 15: Valve Steels for Internal Combustion 
Engines Second Edition 


ISO 4126-1 


Safety Valves-Part 1: General Requirements First 
Edition 


ISO 4401 


Hydraulic Fluid Power—Four-Port Directional Control 
Valves—Mounting Surfaces Second Edition 


ISO 4411 


Hydraulic Fluid Power—Valves— Determination of 
Pressure Differential/Flow Characteristics First Edition 


ISO 4422-4 


Pipes and Fittings Made of Unplasticized Poly (Vinyl 
Chloride) (PVC-U) for Water Supply—Specifications— 
Part 4: Valves and Ancillary Equipment First Edition; 
Supersedes ISO 4422: 1990 


ISO 5208 


Industrial Valves—Pressure Testing of Valves Second 
Edition 


ISO 5209 


General Purpose Industrial Valves—Marking First 
Edition 


ISO 5210 


Industrial Valves—Multi-Turn Valve Actuator 
Attachments First Edition 


ISO 5599-1 


Pneumatic Fluid Power—Five-Port Directional Control 
Valves-Part 1: Mounting Interface Surfaces Without 
Electrical Connector Second Edition 


ISO 5599-2 


Pneumatic Fluid Power—Five-Port Directional Control 
Valves-Part 2: Mounting Interface Surfaces With 
Optional Electrical Connector First Edition 


ISO 5599-3 


Pneumatic Fluid Power—Five-Port Directional Control 
Valves-Part 3: Code System for Communication of 
Valve Functions First Edition 


ISO 5752 


Metal Valves for Use in Flanged Pipe Systems—Face- 
to-Face and Centre-to-Face Dimensions Second 
Edition 


ISO 5781 


Hydraulic Fluid Power— Pressure-Control Valves 
(Excluding Pressure-Relief Valves), Sequences Valves, 
Unloading Valves, Throttle Valves and Check 
Valves—Mounting Surfaces First Edition 


ISO 5783 


Hydraulic Fluid Power— Code for Identification of 
Valve Mounting Surfaces and Cartridge Valve Cavities 
Second Edition 


ISO 5996 


Cast Iron Gate Valves First Edition 


ISO 6002 


Bolted Bonnet Steel Gate Valves First Edition 


ISO 6182-2 


Fire Protection— Automatic Sprinkler Systems- Part 2: 
Requirements and Test Methods for Wet Alarm 
Valves, Retard Chambers and Water Motor Alarms 
First Edition 
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ISO 6182-3 Fire Protection— Automatic Sprinkler Systems- Part 3: 
Requirements and Test Methods for Dry Pipe Valves 
First Edition 

ISO 6182-4 Fire Protection— Automatic Sprinkler Systems- Part 4: 
Requirements and Test Methods for Quick-Opening 
Devices First Edition 

ISO 6182-5 Fire-Protection— Automatic Sprinkler Systems- Part 5: 
Requirements and Test Methods for Deluge Valves 
First Edition 

ISO 6263 Hydraulic Fluid Power—Compensated Flow-Control 
Valves—Mounting Surfaces Second Edition 

ISO 6264 Hydraulic Fluid Power— Pressure-Relief Valves— 
Mounting Surfaces First Edition 

ISO 6403 Hydraulic Fluid Power— Valves Controlling Flow and 
Pressure-Test Methods First Edition; (Corrected and 
Reprinted-1989) 


ISO 6404 Hydraulic Fluid Power—Servovalves— Test Methods 
First Edition 


ISO 7121 Flanged Steel Ball Valves First Edition 


ISO 7244 Air Distribution and Air Diffusion— Aerodynamic 
Testing of Dampers and Valves First Edition 


ISO 7259 Predominantly Key-Operated Cast Iron Gate Valves 
for Underground Use First Edition 


ISO 7349 Thermoplastics Valves—Connection References First 
Edition 

ISO 7368 Hydraulic Fluid Power—Two-Port-Slip-In Cartridge 
Valves—Cavities First Edition 


ISO 7508 Unplasticized Polyvinyl Chloride (PVC-U) Valves for 
Pipes Under Pressure—Basic Dimensions—Metric 
Series First Edition 


ISO 7714 Agricultural Irrigation Equipment— Volumetric 
Valves—General Requirements and Test Methods 
Second Edition 


ISO 7790 Hydraulic Fluid Power Four-Port Modular Stack 
Valves and Four-Port Directional Control Valves, Sizes 
03 and 05—Clamping Dimensions First Edition 


ISO 7967-3 Reciprocating Internal Combustion Engines— 
Vocabulary of Components and Systems- Part 3: 
Valves, Camshaft Drive and Actuating Mechanisms 
First Edition 


ISO 8233 Thermoplastics Valves—Torque— Test Method First 
Edition; (Corrected and Reprinted-1989) 


ISO 8242 Polypropylene (PP) Valves for Pipes Under Pressure— 
Basic Dimensions—Metric Series First Edition 
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TABLE E10.I3 International Standards and Specifications for Valves (Continued) 


Numbers 


Title 


ISO 8659 


Thermoplastic Valves—Fatigue Strength— Test 
Method First Edition 


ISO 9393-1 


Thermoplastic Valves— Pressure Test Methods and 
Requirements-Part 1: General First Edition 


ISO 9393-2 


Thermoplastic Valves— Pressure Test Methods and 
Requirements-Part 2: Test Conditions and Basic 
Requirements for PE, PP, PVC-U and PVDF Valves 
First Edition 


ISO 9635 


Irrigation Equipment—Hydraulically Operated 
Irrigation Valves First Edition 


ISO 9644 


Agricultural Irrigation Equipment— Pressure Losses in 
Irrigation Valves—Test Method First Edition 


ISO 9911 


Agricultural Irrigation Equipment—Manually 
Operated Small Plastic Valves First Edition 


ISO 9952 


Agricultural Irrigation Equipment—Check Valves First 
Edition 


ISO 10418 


Petroleum and Natural Gas Industries—Offshore 
Production Platforms—Analysis, Design, Installation 
and Testing of Basic Surface Safety Systems First 
Edition 


ISO 10419 


Petroleum and Natural Gas Industries—Drilling and 
Production Equipment—Installation, Maintenance and 
Repair of Surface Safety Valves and Underwater 
Safety Valves Offshore First Edition 


ISO 10423 


Petroleum and Natural Gas Industries—Drilling and 
Production Equipment—Specification for Valves, 
Wellhead and Christmas Tree Equipment First Edition 


ISO 10433 


Petroleum and Natural Gas Industries—Drilling and 
Production Equipment—Specification for Wellhead 
Surface Safety Valves and Underwater Safety Valves 
for Offshore Service First Edition 


ISO 10497 


Testing of Valves—Fire Type—Testing Requirements 
First Edition 


ISO 10522 


Agricultural Irrigation Equipment—Direct-Acting 
Pressure—Regulating Valves First Edition 


ISO 10631 


Metallic Butterfly Valves for General Purposes First 
Edition 


ISO 10931-4 


Plastic Piping Systems for Industrial Applications— 
Poly(Vinylidene Fluoride) (PVDF)-Part 4: Valves First 
Edition 


ISO 10933 


Polyethylene (PE) Valves for Gas Distribution Systems 
First Edition 


INDEX 


AASHTO (American Association of State 
Highway and Transportation Officials), 
A.400, A.404, D.37 

Abandoning, C.302 

Abbreviations (see Acronyms and abbrevia- 
tions) 

Aboveground piping, C.51, C.69 

Abrasion, B.515, B.549 

Abrasion resistance, B.520, C.25, D.95 

Abrasion testing, D.108 

Abrasive, B.507 

Abrasive control, C.614 

ABS (acrylonitrile butadiene styrene) pipe, 
C.675, D.4, D.5, D.26 

Absolute pressure, C.756, C.803 

Absolute stability, B.423 

Absolute viscosity, A.7 

Absorption cycle, C.460 

Absorption system, C.460 

Accessibility, B.92, B.93, C.347 

Accumulator, B.462 

Acid resistant, B.527, C.672 

Acoustical, C.317 

Acronyms and abbreviations, A.40, A.41 

Acrylic latex mastic, B.345 

Acrylonitrile-butadiene-styrene (see ABS) 

Actual cubic feet per minute (acfm), C.759, 
C.803 

Actual liter per second (al/s), C.803 

Additives, D.14 

Adhesion failure, B.527 

Adhesive, B.527 

Adhesive joint, A.7 

Adhesiveness, C.42 

Adiabatic flow, B.388, B.437 

Adiabatic process, C.756 

Adjusted scfm, C.835 

After cooler, C.767, C.768 

AGA (American Gas Association), 

A211 

Age resistance, B.527 

Aging, B.564, A.159, D.42, D.43 

Air binding, C.33, C.38 

Air compressor assembly, C.791 

Air compressors, C.766 


Air-conditioning and Refrigeration Institute 
(ARI), A.216 

Air cooled, C.768 

Air dryers, C.769-C.773, C.775 

Air gap, C.710 

Air intake, C.744 

Air leakage, C.38 

Air piping, C.380 

Air pockets, C.5, C.33, C.38 

Air testing, D.141 

AISI (American Iron and Steel Institute), 
A.219 

Alarms, C.820 

Alignment, A.285, C.643, C.663 

Alignment guide spacing, A.436 

Alkalinity, C.39 

Allen model, B.428, B.430 

Allotropic, A.152 

Allowable deflection, C.23 

Allowable leakage, C.787 

Allowable limits, C.123 

Allowable strain, D.45 

Allowable stress, C.145, C.146, C.147, 
C.219, C.318 

Allowable working stresses, B.56 

Alloying, A.127 

Alloying of steel, A.155 

Alpha iron, A.152, A.304 

Alternating stress, B.112 

Aluminum and aluminum alloys, A.178, 
A.156 

Aluminum banding, B.345 

Aluminum jacketing, B.346 

Ambient conditions, A.460 

Ambient effects, C.314 

Ambient sensing control, B.281 

Ambient temperature, A.8 

American Association of State Highway 
and Transportation Officials (see 
AASHTO) 

American Gas Association (AGA), A.211 

American Iron and Steel Institute (AISD, 
A.219 

American National Standards Institute (see 
ANSI) 
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American Nuclear Society/Standard (ANS), 
A.219, A.220 
American Petroleum Institute (see API) 
American Pipe and Fittings Association 
(APFA), B.541 
American safety code, C.458 
American Society for Testing and Materials 
(see ASTM) 
American Society of Civil Engineers 
(ASCE), A.218 
American Society of Heating, Refrigerat- 
ing, and Air-Conditioning Engineers 
(see ASHRAE) 
American Society of Nondestructive Test- 
ing (see ASNT) 
American Society of Sanitary Engineers 
(ASSE), A.217 
American Society of Mechanical Engineers 
(see entries beginning ASME) 
American Water Works Association (see 
AWWA) 
American weather book, B.41 
American Welding Society (see AWS) 
Ammonia, C.463 
Ammonia systems, C.507 
Anaerobic bacteria, C.40 
Anchor, A.8 
Anchor guides, D.124 
Anchor locations, A.449 
Anchor movements, B.119 
Anchored fittings, B.586 
Ancillary equipment, C.832 
Angular flexibility, A.435 
Angular movement, A.437 
Annealing, A.305 
Annuli, B.648 
Anode, C.40, C.41 
sacrificial, C.294, C.295 
ANS (American Nuclear Society/Standard), 
A.219, A.220 
ANSI (American National Standards Insti- 
tute), A.180, A.202, B.4 
guides, A.206 
standards, A.202—A.206, A.207 
Antioxidant, B.527, D.15 
APFA (American Pipe and Fittings Associ- 
ation), B.541 
API (American Petroleum Institute), 
A.211, C.184, C.185 
Bulletins, A.212 
Recommended Practices, A.212-A.214 
Specification, A.211, A.212 
Standards, A.214 
Application of gaskets, A.383 


Arc cutting, A.8 
Area classification, B.253 
Area composite drawings, B.80, B.81 
Areaway, C.700 
Argon oxygen process, A.246 
ARI (Air-conditioning and Refrigeration In- 
stitute), A.216 
Asbestos-cement pipe, B.235 
As-built, B.77 
ASCE (American Society of Civil Engi- 
neers), A.218 
Ash conveyor, C.753 
Ash handling, C.727, C.730 
Ash handling system 
fittings, C.738 
materials, C.738 
pipe, C.738 
pipe supports, C.749 
Ashcolite, C.738 
ASHRAE (American Society of Heating, 
Refrigerating, and Air-Conditioning 
Engineers), A.216, A.217 
ASJ (all service jacket), B.346 
ASME (American Society of Mechanical 
Engineers), A.180 
ASME B31, Code for Pressure Piping, B.5, 
B.20 
B31.1, Power Piping, A.262, B.20, B.22 
B31.3, Process Piping, B.5, B.22, C.305, 
C.424 
B31.4, Liquid Transporation, C.182, 
C.183, C.184 
ASME Boiler and Pressure Vessel Code, 
A.180, B.4 
Section I, A.180, A.181, A.182 
Section II, A.183, A.184 
Section III, A.184, B.4 
Section IV, A.180 
Section V, A.180, A.186 
Section VI, A.180 
Section VII, A.180 
Section VIII, A.180 
Section IX, A.180, A.187 
Section X, A.180 
Section XI, A.180, A.188 
ASME Code for Pressure Piping, A.190, 
C.458 
B31.1, Power Piping, A.190-A.193 
B31.2, Fuel Gas Piping, A.193 
B31.3, Process Piping, A.194, A.195 
B31.4, A.196 
B31.5, Refrigeration Piping, A.197 
B31.8, A.197 
B31.9, Building Services Piping, A.199 
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ASME Code for Pressure Piping (Cont.) 
B31.11, Slurry Transportation, A.200, 
A.201 
code cases, A.191, A.194, A.197, A.198, 
A.200, A.201 
edition and addenda, A.191, A.194, 
A.197, A.198, A.200, A.201 
ASME Performance test codes, A.201 
ASME Section I, A.262 
ASME Section II, A.180, A.183, A.184 
electrodes, A.183 
ferrous materials specifications, A.183 
filler metals, A.183 
nonferrous material specifications, A.183 
welding rods, A.183 
ASME Section III, A.262 
ASME Section IX, A.262 
ASNT (American Society of Nondestruc- 
tive Testing), A.219 
standard, A.219 
Asphalt cutback mastic, B.346 
Asphalt enamel, B.486 
Asphalt mastics, C.292 
ASSE (American Society of Sanitary Engi- 
neers), A.217 
Assembly, A.9, A.278 
ASTM, B-88 Type L, C.397 
ASTM (American Society for Testing and 
Materials), A.207 
ASTM Standards and Specifications, 
A.207-A.211 
Attachments to buildings, B.230 
Attachments to structures, B.230 
Austenite, A.304 
Austenitic and ferritic, C.406 
Autoclave, B.527 
Autoclave testing, B.492 
Autoignition temperature, C.416 
Automatic sprinkler, C.54 
Auxiliary gas systems, C.272, C.273 
AWS (American Welding Society), A.215, 
A.263 
Welding Handbook, A.215 
AWWA (American Water Works Associa- 
tion), A.214 
standards, C.17, C.18, C.19, C.20 
Azeotropes, C.466 


Back flow prevention valves, A.489, C.34, 
C.710 

Back pressure, A.460, B.31, C.200, C.710 

Back siphonage, C.710 

Backfill, B.314, C.78, D.71 

Backfilling, A.412 


Backflow, A.460, C.33 
Backflow prevention, C.34, C.339 
Backing ring, A.9, A.105, A.293, C.120 
Backseat, A.460, A.485 
Backwater valve, C.684 
Bag house, C.736 
Ball joint, A.9 
Balloon, B.515 
Barlow formula, C.22 
Baroczy, B.426, B.427 
Barometric pressure, C.756 
Basalt lined steel, C.738 
Base metal, A.9, A.282 
Basic flow equation, C.253 
Basic oxygen process, A.245 
Basket strainer, A.83, A.84 
BCC (body centered cubic), C.406 
Beam stresses, C.226 
Bedding factor, D.70 
Bedding materials, D.137 
Bell and spigot joints, A.110, A.111, A.407, 
C.327 
Bell ring, A.398 
Bellow expansion joint, B.158, C.115 
Bellville spring, A.370 
Bendemann ellipse, B.413 
Bending, A.268, A.272, C.85 
cold, A.271, A.273 
hot, A.272, A.274, A.296 
induction, A.275, A.276 
Bending and forming, C.350 
Bending stress, B.179, B.180 
Benjamin-Miller, B.429 
BEP (boiler external piping), A.181, C.84, 
C.95, C.169 
Berger and Hau, C.45, C.46 
Bernoulli's equation, B.400, B.401 
Bessemer converter, A.245 
Bevelling, A.9, A.266 
Bill of materials, B.105 
Billets, A.246 
Birchaloy, C.738 
Bituminous external, C.29 
Blank flange, A.9 
Blanks, C.151, C.324, C.337, C.338 
Blasting, B.527 
Bleeder strings, B.514 
Blemish, B.527 
Blind flange, A.9, A.336 
Blisters, B.508 
Block line safety devices, C.448 
Block valves, A.460, C.339, C.342 
Block-and-bleed, A.460 
Blowdown, A.460, C.5, C.275 


1.4 INDEX 


Blowdown assemblies, C.266 
Blowdown valve, A.460 
BOCA (Building Officials Conference of 
America), A.220 
Body centered tetragonal (BCT), A.146 
Body force, B.456 
Boiler external piping (BEP), A.181, C.84, 
C.95, C.169 
Boiler water, C.6 
Boiling water reactor (BWR), C.83, C.92 
Bolt load monitoring, A.395 
Bolt loads, A.387 
Bolt selection, A.384, A.385 
Bolt studs, C.109 
Bolt tightening, A.373, A.390 
Bolted joints, A.331—A.396 
Bolting, A.97, C.108, C.336 
bolting materials, B.25 
bolting procedures, C.351 
bolting standards, A.361, A.362 
bolts and nuts, A.361, A.362 
Bond, B.527 
Bonded, A.410 
Bonding, C.551, C.557, C.559 
Bonding stiffness, D.61 
Bonnet, A.460, A.478 
Booster hot water system, C.710 
Booster pumps, C.7, C.8 
Booster station, C.7 
Bore, A.460 
Boron, A.156 
Bottom ash, C.727, C.730, C.735 
Bourdon gauge, C.832 
Boxtype conduits, C.109 
BPD (barrels per day), C.192 
BPOD (barrels per operating day), C.192 
Branch, C.684 
Branch connection, A.9, C.321 
Branch interval, C.684 
Branch vent, C.694 
Brazed joint, C.522, C.679 
Brazing, A.10, A.302, C.551 
Brines, C.457 
British Standards, A.238, A.239, E.120- 
E.154 
Brittle failure, B.673, B.686 
Brittle fracture, B.665 
Bromobutyl, B.527 
Bronze valves, C.164 
Btu (British thermal unit), B.288 
Bubble joint, C.489 
Bubble Tight, A.460 
Bucket machines, C.664 
Buckling, A.270 


Building drain, C.684 

Building Officials Conference of America 
(BOCA), A.220 

Building penetrations, B.211 

Building settlement analysis, B.168 

Building sewer, C.620, C.684 

Building trap, C.685 

Bulk conversion system, C.438, C.440, 
C441 

Bulk liquid, C.443 

Bulk tanks, C.439 

Burial, B.313 

Burial design, D.134 

Buried gate valves, C.32 

Buried pipe, B.211 

Buried piping, B.90, B.209 

Bursting pressure, C.25 

Butt joint, A.10 

Butt stem, B.528 

Butt skive joint, B.512 

Butt splice, B.528 

Butt weld, A.100, A.285 

Butterfly valves, C.32 

Butyl, B.526 

BWR (boiling water reactor), C.83, C.92 

Bypass, A.10, A.460 


CAD (computer aided design), B.9, B.79, 
B.101 

CADD (computer aided design and draft- 
ing), B.9, B.77-B.79 

Calender, B.528 

Calender blister, B.528 

Canopy, C.700 

Carbide, A.307 

Carbon, A.155 

Carbon and alloy steel grade categories, 
A.170 

Carbon dioxide (R-744), C.463 

Carnot cycle, C.126 

Cast iron, A.149 

Cast iron flanges, C.105 

Cast iron pipe (CIP), C.28 

Cast Iron Soil Pipe Institute (CISPI), C.677 

Casting quality factor, C.319 

Catalyst, B.490, D.144 

Catch basins, C.664 

Cathode, C.40 

Cathodic disbondment, B.483 

Cathodic protection, B.483, B.488, C.41, 
C.292, C.293, C.294, C.295 

Cathodic shielding, B.483 

Caulk and compression gasket, C.672 

Caulked joints, C.676 
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Cavitation, A.460, C.22, C.710 
CDA (clean dry air), C.449 
Cell classification, D.17, D.19, D.24 
Cement mortar lining, C.68 
Cement mortar, B.471, B.472 
Cementing, B.512 
Centrifugal casting, D.91, D.144 
Centrifugal compressor, C.767 
Centrifugal pumps, B.89 
Certificate of Compliance, A.10 
Certified Material Test Report (CMTR), 
A.10 
CFR (Code of Federal Regulations), A.189, 
B.5, B.570 
CGA (Compressed Gas Association), C.802 
Chamfering, A.10 
Charpy fix temperature, A.132 
Chatter, A.460 
Check valves, B.462, C.343 
Chemical composition of wrought alumi- 
num alloys, A.176, A.177 
Chemical corrosion, C.39 
Chemical extinguishing system, C.60 
Chemical plant piping, C.309 
Chemical resistance, B.520, B.523, D.47, 
D.48, D.95, D.96-D.108 
Chemical waste, C.685 
Chezy coefficient, B.447 
Chilled water pipe, B.307, B.315, B.318 
Chlorendic polyester resin, D.88 
Chlorinated (PVC) pipe, C.675 
(See also CPVC, PVC) 
Chlorobutyl, B.528 
Chloro-fluoro-carbon (cfc), C.463 
Chlorosulfonated polyethylene, B.528 
Choked flow, A.460, A.536 
Chopped fiber, D.144 
Chromium, A.156 
Chromium cast-iron, C.730 
CIP (cast iron pipe), C.28 
Circuit and loop vents, C.697 
Circuit vent, C.694 
Circulating media, B.245 
Circulating water, C.4, C.5 
CISPI (Cast Iron Soil Pipe Institute), C.677 
City water, C.710 
Clad metal, A.301 
Clamp, harness, A.408 
Clam-shell couplings, B.628, B.630 
Classification of steel, A.157 
high carbon steel, A.157 
low carbon steel, A.157 
medium carbon steel, A.157 
Clausius-Rankine cycle, C.102 


Clean agents, C.57 

Clean dry air (CDA), C.449 

Clean out, C.685 

Clean water piping, C.737 

Cleanliness and purity, C.823 

Clogged strainers, C.50 

Closed discharge, B.88 

Closed skive, B.513 

Closure rings, B.577, B.580 

Closures, C.151, C.323 

CLSM (controlled low-strength materials), 
D.73 

Coal tar, C.292 

Coal-tar enamel, C.42, B.486 

Coated pipe, A.301 

Coated piping, B.499 

Coating, B.483 

Coating and lining, C.30 

Code cases, A.180, A.181, A.182, A.183, 
A.185, A.186, A.187, A.188, A.189, 
A.190 

Code of Federal Regulations (CFR), B.5, 
B.570 

Codes and standards, A.179, A.262, B.21, 
B.22, B.26-B.28, C.458, C.536, C.667, 
C.801 

Coefficient of contraction, B.400, B.401 

Coefficient of discharge, A.461, B.402, 
B.403 

Coefficient of drag, B.176, C.589, C.590 

Coefficient of runoff, C.634, C.635, C.649 

Coefficient of thermal expansion, E.102- 
E.106 

Coefficient y, C.86 

Cohesive force, C.755 

Coiling arrangement, B.245 

Cold bending, A.10 

Cold box, C.432 

Cold box piping, C.391, C.432, C.433 

Cold drawing process, A.256 

Cold piping, B.302, B.303 

Cold reheat system (CRS), B.94, C.89, C.97 

Cold spring, A.321, B.238 

Cold springing, C.51, C.117 

Cold weather testing, B.673 

Cold working, A.11 

Cold working pressure (CWP), A.461, 
A474 

Colebrook equation, C.583 

Collapse, C.543 

Combating contamination, C.712, C.763 

Combination inlets, C.657 

Combined drainage system, C.685 

Combined sewer, C.620 
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Combustion properties, C.840 
fuel gases, C.840 
natural gas, C.841, C.843 
propane, C.841 
Commercial sewage, C.624 
Common vent, C.694 
Consumable insert, A.11 
Companion flange, A.11 
Composite drawing, B.9 
Compressed air purification, C.784 
Compressed air receivers, C.769 
Compressed air, B.99, C.755 


Compressed Gas Association (CGA), C.802 


Compressed gases, C.801 

Compressibility factor, C.260, C.261 

Compressible flow, B.388 

Compression couplings, C.677 

Compression system, C.458 

Compressor piping, C.365 

Compressor regulation C.781 

Compressor station layout, C.272 

Computer aided design (CAD), B.9, B.79, 
B.82, B.101 

Computer aided design and drafting 
(CADD), B.9, B.77-B.79 

Computer product model, B.5 

Computer programs, B.192, B.193, E.109- 
E.118 

Computerized method, B.192 

Concentration, C.44 

Concrete core, B.473, C.656 

Concrete pressure pipe, A.399, A.406, 
B.472, B.473 

Concrete, B.470, C.25 

Condensate formation. C.262 

Condensate, B.96, C.83 

Condensate piping, C.382 

Condenser, C.488 

Condenser-circulating water, C.4 

Condenser drains, C.516 

Conduction, B.288, B.289 

Conductivity measurement, B.645 

Conductor, C.701 

Configuration control, B.4 

Configuration management, B.4 

Confining pressure, B.201 

Constant boiling point refrigerants, C.464 

Constant spring support, B.221, B.231 

Construction permit, A.189 

Consumable insert rings, A.106 

Contact molding, D.88 

Contact surface finish, A.95 

Contaminant, C.710, C.763 

Contamination prevention, C.712, C.763 
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Continuity, B.367 
Continuous cooling process, A.246 
Continuous vent, C.694 
Contact documents, B.3 
Contract specifications, B.6 
Contraction, C.528 
coefficient of, B.400, B.401 
Contraction control joint, B.312 
Contractor, A.11 
Control cooling. A.11 
Control piping, A.11 
Control valves, A.461, A.531—A.539, C.54 
actuators, A.535 
angle valve, A.534 
ball, A.535 
butterfly, A.535 
eccentric rotary plug, A.534 
globe valve, A.533 
liquid servivce, A.537 
modulating, A.532, A.538 
three-way, A.534 
Controlled bolting, A.394 
Controlled low-strength materials (CLSM), 
D.73 
Controlling water hammer, C.33 
Convection, B.288 
Conversion systems, C.436 
Conversions, C.804 
acfm to scfm, C.804 
pressure, C.805, C.807 
scfm to acfm, C.806 
torr to vacuum pressure, C.805 
Conveyor line, C.727, C.730 
Cook book analysis, B.177 
Cooling effects, C.314 
Cooling ponds, C.5 
Cooling towers, C.5 
Cooling water systems, B.100 
Copper, A.156, C.154 
Copper and copper alloys, A.174 
Copper tube, C.157 
Corner joint, A.11 
Corrosion, A.128, B.20, B.54, B.481, C21, 
C.25, C.39, C42, C.43, C.50, C.530, 
C.544, C.546 
allowance, B.53, B.557, C.149, C.318, 
C.530 
resistance, B.58, D.112 
Corrosion-erosion control, C.601 
Corrosion protection, C.231 
Corrosion rate, B.566 
Corrosion resistance ratio (CRR), A.424, 
4.425, C.25, C.70, C.345, C.672 
Corrosion-resistant piping, B.542, C.545 
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Corrosive, B.507 
Corrosive environment, C.67 
Corrosive gases, C.812 
Cost of leak, A.332 
Counterbore, B.35 
Couples, A.32 
Coupling type, C.330 
Couplings, A.11, C.677, C.747 
(see also Flexible couplings) 
Covered electrode, A.11 
CPVC (chlorinated polyvinyl chloride), 
DA, D21 
Crack, A.12 
initiation, B.111 
propagation, B.111 
Cracking, C.659 
Cracking pressure, A.461 
Creep, A.12, A.138, A.165, C.556 
Creep rupture test, A.138 
Creep strength, A.137 
Creep, tensile, D.34-D.36 
Critical buckling pressure, D.54 
Critical flow rate, B.407, B.425 
Critical point, C.398 
Critical pressure ratio, B.407 
Critical temperature, A.152, A.304 
Cross country pipeline, C.181 
Cross mains, C.73 
Cross reference ASME to UNS, A.172 
Cross-connection, C.711 
Cross-linked polyethylene (PEX), D.4, 
D.25 
CRR (corrosion resistance ratio), A.424, 
A.425, C.25, C.70, C.345, C.672 
CRS (cold reheat system), B.94, C.89, C.97 
Cryogenic, C.391, C.812 
Cryogenic fluids, C.391, C.392 
Cryogenic freezing, B.682 
Cryogenic piping systems, C.391 
Cryogenic pumps, C.442 
Cryogenic service, B.324 
Cryogenic storage vessels, C.395, C.396 
Cryogenic temperatures, C.391 
Cryogenic valve, A.461 
Crystallites, D.16 
Curb inlets, C.657 
Cure, B.491, B.528, D.144 
Cure time, B.483, B.496, D.144 
Curing, B.473, B.474, B.498 
Curing agent, B.490, D.144 
Curing methods, B.473 
Cut groove, A.427, A.451 
Cutting, A.266 
Cutting torch, A.12 


CWP (cold working pressure), A.461, 
A.474 
Cycle parameters, C.129, C.130 
Cyclic analysis, C.555 
Cyclic loadings, C.545 
Cyclic stress, B.50 
range, C.555 
Cycling test, B.564 


Damping, B.165 
D'Arcy-Weisbach friction factor, B.380, 
B.392, B.398, B.428, C.196, C.466 
De St Venant, B.406 
Dead effects, C.316 
Deutsche Industrie Norm (DIN), C.100 
Dead load, D.134, C.531 
Dead weight, B.39 
Decommissioning, C.302 
Decoupling, D.50 
Deep sewer, C.658 
Defect, A.12 
Defect repairs, C.350 
Deflection and deformation, A.435 
Degradation of materials, A.159 
Delamination, B.528 
Delta iron, A.152, A.304 
Deluge valve, C.54, C.56 
Demand, C.711 
Density, A.12, A.139, A.144, A.145 
of air, E.88, E.89 
Department of Defense (DOD), B.4 
Departure from nucleate boiling ratio 
(DNBR), C.84 
Deposited metal, A.12 
Deposition velocity, C.568, C.587, C.592 
Depth of cover, C.67 
Depth of fusion, A.12 
Derammelaere & Chapman, C.605 
Design 
bases, B.19, C.627 
conditions, B.66, C.544 
criteria, B.6, C.545 
documents, B.3 
factor (see Design factor) 
point (see Design point) 
pressure (see Design pressure) 
review, B.105 
spiral, B.5 
storm sewer system, C.646 
system components, C.598 
temperature (see Design temperature) 
velocities, B.60, C.114 
Design factor, B.145, C.219, C.256, C.257, 
C.627, D.51 
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Design point, C.701 
Design pressure, B.31, B.54, C20, C.92, 
C.94, C.311, C.523, C.644 
Design temperature, B.29, C.21, C.94, C.98, 
C.101, C.126, C.311, C.644 
Design velocities, B.60, C.114 
Designer, A.12, C.535 
Developed length, C.694 
Dew point, A.12, C.262, C.762 
conversion chart, C.761 
Dewatering scrapers, C.289 
DFU (drainage fixture unit), C.669, C.689, 
C.695 
DGEBA (diglycidyl ether of bisphenol), 
B.483 
Diaphragm displacement meters, C.284 
Diaphragm gauge, C.832 
Differential head, C.203 
Diglycidyl ether of bisphenol (DGEBA), 
B.483 
Dilatant liquid, A.12 
Dimension ratio, D.30, D.52, C.675 
Dimensional standards, A.86, B.22 
Dimensioning, A.266, A.267 
Dimensions 
bolting for cast iron flanges, A.90 
butt welding laterals, A.80 
butt welding standard caps, A.79 
butt welding tees, A.74, A.75, A.76 
cast iron companion flanges, A.88, A.89 
cast steel flanged fittings, A.60, A.61, 
A.62, A.63 
concentric butt welding reducer, A.77, 
A.78 
eccentric butt welding reducer, A.77, 
A.78 
forged steel socket weld fittings, A.67 
forged steel threaded fittings, A.66 
long radius BW elbows, A.69, A.70, A.71 
short radius elbows, A.72, A.73 
DIN (Deutsche Industrie Norm), C.100 
DIN Standards, A.239 
DIP (ductile iron pipe), C.14, C.28 
DIPRA (Ductile Iron Pipe Research Asso- 
ciation), A.220, A.221 
Direct acting, C.845 
Direct fired, C.711 
Disc, A.461, A.479 
Discharge coefficient, A.461, B.402, B.403 
Discharge lines, C.478-C.488, C.503 
Discontinuity, A.12 
Dissimilar metals, A.298, A.299, A.300 
Distribution mains, C.4 
Distribution network, C.4 


Distribution plant stations, C.272 

District heating, C.125 

Ditch filling materials, C.660 

Diversity factor, C.834, C.852, C.858 

DOD (Department of Defense), B.4 

Domestic sewage, C.623 

Domestic water, C.711 

Double block and bleed valves, C.343 

Double check valve, C.713 

Double containment clean-out, B.605 

Double containment elbows, B.593 

Double containment piping, B.569 

Double containment P-trap, B.606, 
B.613 

Double containment system, C.554 

Double disc, A.461 

Double failure, B.572 

Double reducing lateral, B.603, B.604 

Double-interlock, C.57 

Double-seated-valve, A.461 

Downspout, C.701 

Drag coefficient, B.176, C.589, C.590 

Drain, C.701 

Drain body, C.687 

Drain pocket, C.111, C.112 

Drain waste and vent (DWV), B.608, 
B.609, D.5, D.18, D.26 

Drainage fixture unit (DFU), C.669, C.689, 
C.695 

Draining, B.672 

Draining the water line, C.33 

Drains, B.89 

Drip lines, C.112 

Drop weight test, A.132 

Dry chemical systems, C.61 

Dry pipe system, C.67 

Dryer selection, C.776 

Ductile, A.126 

Ductile iron, A.150, C.155 

Ductile iron pipe (DIP), C.14, C28 

Ductile Iron Pipe Research Association 
(DIPRA), A.220, A.221 

Ductile iron soil pipe, B.235 

Ductility (toughness), B.57, C.25 

Dumbbell plug, B.662 

Durabla, C.417 

Durand correlation, C.587 

Duration, C.701 

Durite (UCC), C.738, C.742 

Durite fitting selection, C.740-C.743 

Durite pipe, C.734 

Durometer, B.528 

Durometer hardness, B.528 

Duty cycle, C.785 


INDEX 19 


DWV (drain, waste and vent), B.608, 
B.609, D.5, D.18, D.26 

Dynamic analysis, B.171, B.173 

Dynamic effects, C.99, C.316 

Dynamic load(ing), B.169, B.218 

Dynamic load factor, B.170 

Dynamic pressure, B.175 


Earthloads, D.66 

Earthquake design, A.454 

Ebonite, B.528 

Economic optimization, B.298 

Economical circulating water system, C.4 

Economical pipe sizing, C.425 

Economizer hopper, C.737 

ECP (Embedded cylinder pipe), A.400, 
A.407-A.410 

Eddy current testing, A.13 

Edge joint/preparation, A.13 

Edition and addenda, A.181, A.182, A.183, 
A.185, A.186, A.187, A.188, A.189 

EJMA (Expansion Joint Manufacturers As- 
sociation), A.221 

Elastic interaction, A.376 

Elastic modulus, C.545 

Elastic-plastic discontinuity, B.115 

Elastomeric gasket, A.428 

Elastomeric seals, D.18, D.29 

Elastomers, B.524 

Electric arc furnace, A.246 

Electric resistance welded (ERW), C.217, 
C.218 

Electric tracing, B.256, B.279 

Electrode, A.13 

Electronic gauge, C.832 

Electrostatic test, B.563 

Elongation, B.528 

Embedded cylinder pipe (ECP), A.400, 
A.407-A.410 

Embrittlement factor, A.161, A.162, A.163 

Emergency service, C.5 

Emission, A.332 

fugitive, A.461 

Emissivity, B.295 

Emittance, B.288 

Encased steel, B.471 

End closures, B.627 

End preparation, A.13 

End seal, A.430 

Endurance limit, A.135 

Energy, A.34 

conservation, B.298 

Energy grade line (EGL), B.374, B.378, 

C.14, C.15 


Engineering design, A.13 

Enthalpy, B.352 

Entropy, B.353 

Environmental factors, B.51, B.52 

Environmental Protection Agency (EPA), 
C.802 

Environmental stress cracking, D.48 

EDPM, B.526 

Epoxy-lined pipe, C.29 

Epoxy novolacs, D.86 

Epoxy phenolic lining, B.484 

Epoxy resin, D.86, D.144 

Equilibrium, law of, A.32 

Equilibrium phase diagram, A.152 

Equipment connection, A.13 

Equipment drains, B.99 

Equipment drawings, B.14 

Equivalent feet of pipe, C.879 

Equivalent intensity, B.108 

Equivalent length, C.9, C.16, C.669 

Equivalent thickness, B.309 

Erection, A.13, A.320, C.118, C.557, C.560 

Erosion, A.13, B.20, B.54, C.21, C.22, C25, 
C.39, C.42, C.43, C.44, C.544, C.546, 
C.730 

Erosion rates, C.43, C.46 

ERW (electric resistance welded), C.217, 
C.218 

ETFE (ethylenetetrafluoroethylene), B.538, 
B.539 

Ethylene glycol, C.457 

ETL (electric traced label), B.279 

Evacuation type, C.711 

Evaporator, C.470 

Examination, A.13, C.121 

Excess flow valve, C.869 

Excessive deformation, C.543 

Excessive water pressure, C.718 

Exfiltration, C.621, C.625 

Expanded air ratio, C.806 

Expansion, C.29, C.30, C.115, C.173, C.460, 
C.528 

Expansion joint, A.14, B.96, B.157, B.158, 
B.211, B.623, C.118, C.325, C.353, 
C.549, C.748, C.749, D.134 

Expansion Joint Manufacturers Association 
(EJMA), A221 

Expansion load(ing), B.139, B.144, B.146, 
B.149 

Expansion loops, A.444, A.445, A.446, 
A.447, D.131 

Expansion of piping materials, A.140— 
A.143 

Expansion offset, B.625 
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Expansion stresses, C.227 
Explosive, C.535 

Extended stem gate valve, C.426 
External anchoring, B.578 

External corrosion, C.232 

External dead load, A.399 
External design pressure, C.94 
External live load, A.399 

External loads, B.145 

External piping, C.446, C.447 
External pressure, B.67—B.72, C.225 
Externally insulated piping, C.314 
Extraction steam, C.90, C.98, C.127 
Extraction steam system, B.95 
Extraction system, C.127 

Extruded nozzles, A.14 

Extruded plastic coatings, C.292 
Extrusion process, A.256 


Fabmat, D.144 
Fabricating (VIP), C.431 


Fabrication, A.14, A.261, A.263, C.118 


Fabrication tolerance, C.350 

FAC (flow assisted corrosion), B.20, 
B.55 

Face, B.528 

Face stock, B.528 

Factory Mutual (FM), A.223 

Failure, B.28 

Failure mode, A.524, D.46 

and effect analysis, C.540 

Failure theories, B.108 

Fanning, C.196 

Fanno line, B.389, B.391, B.399 

Fanno model, B.426, B.449 

Fatigue, B.111, C.555 

Fatigue analysis, B.116 

Fatigue resistance, A.134 

Fault tree analysis, C.540 

FBE, B.483 

FBE coatings, B.486 

FCC (face centered cubic), C.406 

FCI (Fluid Control Institute), A.222 

FCI Standards, A.222 

FCR (field change request), B.18 

FEA (finite element analysis), A.388, 
B.155-B.156 

Feed mains, C.73 

Feedwater systems, B.96 

FEP (fluorinated ethylene propylene), 
B.538 

Fermi temperature, A.152 

Ferritic alloys, C.407 

Ferrous materials, C.545 
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Ferrous metals, A.149 
Ferrous Pipe Making Processes, A.244 
Fiberglass casing, D.123 
Fiberglass downhole tubing, D.122 
Fiberglass flange, D.138 
Fiberglass pipe 
chemical (resistance), D.96-D.108 
physical properties, D.110 
pressure ratings, D.120, D.121, D.122 
supports, D.124-D.125 
temperature ratings, D.96-D.108 
Fiberglass pipe and fittings 
fiberglass pipe applications, D.80 
standard specifications, D.85, D.86, D.143 
standard test methods, D.82- D.84 
Fiberglass piping, D.79 
Fiberglass reinforced plastic (FRP), D.79 
Field change request (FCR), B.18 
Field joint coatings, C.293 
Field or gathering stations, C.272 
Field test pressure, A.399, C.524 
Filament, D.145 
Filament winding, D.89, D.90 
Filament wound pipe, D.90 
Filler metal, A.282, A.303 
Filler valves, C.870 
Fillers, D.15, D.91 
Fillet weld, A.107, A.291 
Filter selection, C.780 
Filters, B.490, C.776-C.779, C.817 
Finite element analysis (FEA), A.388, 
B.155-B.156 
Fire fighting, C.4 
Fire hazard, A.14, B.100 
Fire hydrants, C.66 
Fire protection, B.99, B.304 
Fire protection systems, B.236 
foam, C.60 
Fire safety, C.334 
Fire suppression system, C.53 
Fired heater piping, C.368 
Fish eye, B.528 
Fitting losses, C.494, C.495-C.501 
Fitting-in-manhole, B.620 
Fittings, C.531 
cast-brass threaded, A.56 
cast bronze threaded, A.56 
cast iron flanged, A.58 
cast iron threaded, A.55 
ductile and cast iron, A.54 
forged branch, A.76 
malleable iron threaded, A.56 
pipe, A.53 
soldered joint, A.57 


Fittings (Cont.) 
steel and nickel alloy flanged, A.58 
threaded and socket welding, A.58 
wrought steel butt welded, A.71 
Fixture battery, C.694 
Fixture unit (FU), C.625, C.669, C.707 
Fixture unit of flow rates, C.625 
Flame resistance, D.109 
Flammability, C.535 
Flammability limits, C.810 
Flammable fluids, C.436 
Flammable gases, C.809 
Flange adapter, A.403 
Flange dimensions, A.345-A.351 
Flange faces, A.336, C.332 
flat face, A.336 
male and female, A.338 
raised face, A.336 
tongue and grooved, A.338 
Flange materials, B.24 
Flange reduction, B.559 
Flange stress analysis, A.386 
Flange test plug, B.661, B.681 
Flange types, A.90 
ductile and cast iron, A.88 
integral type, A.91 
loose type, A.91 
optional type, A.91 
steel and nickel alloy, A.89 
Flange weld plug, B.660 
Flanged joints, C.681 
Flanges, A.333—-A.338, C.324, C.552 
lap joint, A.335, A.337 
slip-on, A.335, A.337 
socket-weld, A.335, A.337 
swivel ring, A.336, A.337 
weld-neck, A.333-A.338 
Flare header piping, C.374 
Flared joints, C.682 
Flash arrestors, C.819 
Flash gas, C.489 
Flashing and sealing, B.295 
Flashing cavitation, C.6 
Flat, A.367 
Flaw, A.15 
Flexibility, C.30, C.32, C.115, C.175, C.427 
Flexibility analysis, C.347 
Flexibility factor, B.120, B.121-B.142 
Flexible, D.50, D.59 
Flexible couplings, A.428, A.429, A.430, 
A.437, A.450, A.455, B.201, B.203 
Flexible hose, C.428, C.549 
Flexural stiffness, D.63 
Floor drain, B.99, C.685, C.686 
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Flow 
fully packed, C.605 
slack flow, C.605 
Flow assisted corrosion (FAC), B.20, B.55, 
C.42 
Flow balancing, C.49 
Flow behavior 
laminar, C.577 
Newtonian, C.573 
non-Newtonian, C.573, C.596 
turbulent, C.577 
Flow coefficient, A.461, D.116, D.117 
Flow control element, A.461 
Flow controls, C.49 
Flow limit shutoff valves, C.818 
Flow loss, D.114 
Flow measurement devices, C.820 
Flow rate reduction, C.807 
Flow rate, C.701, C.833 
Flow regime map, B.417 
Flow resistance coefficients, B.380 
Flow switch, C.54 
Flow velocities, C.546 
Flow-accelerated corrosion, B.20, B.55, 
C.42 
Flowmeter, B.404, C.275 
Fluid, B.354 
Fluid expansion, C.225 
effects, C.315 
Fluid flow metering, B.410 
Fluid flows, C.15 
Fluid heat tracing, B.241 
Fluid Sealing Association, A.223 
Fluid service, C.307 
category D, C.307 
category M, C.307, C.308 
high pressure, C.307 
normal, C.307 
Fluid Control Institute (FCI), A.222 
Fluorinated ethylene propylene (FEP), 
B.538 
Fluoroplastics, D.27 
Flush seal, A.430 
Flushing, C.51, C.829 
Flux, A.15 
Flux cored arc welding, A.15 
Fly ash, C.727, C.730, C.735, C.739, 
C.745 
Fly ash intake, C.744 
Fly ash silo, C.736 
FM (Factory Mutual), A.223 
FMEAs (failure mode and effect analysis), 
C.540 
Foam fire suppressions, C.60 
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Force, A.31 
cohesive, C.755 
Forged pressure valves, C.393, C.394 
Form losses, B.372 
Forming, A.266, A.278, C.557 
Fossil fuel, C.249 
Free air, C.758 
Free floating system, A.438 
Free thermal analysis, B.160 
Freeze jackets, B.686 
Freeze plugs, B.682-B.684 
Freeze protection, B.256, B.300 
Freeze stop, B.684, B.685 
Freezing temperature, C.67 
Frequency, C.701 
Friction, B.201 
Friction factors, B.551, C.583 
Friction losses, B.31 
Friction pressure drop, B.381 
Frictional loss, A.424, C.596, C.850 
Dodge & Metzner equation, C.583 
friction factor, C.583 
heterogeneous flow, C.593 
intermediate regime, C.596 
saltation flow, C.596 
turbulent flow, C.583 
Zandi & Govatos equation, C.593 
Froude number, B.352, B.422 
FRP jacketing, B.347 
FU (fixture unit), C.625, C.669, C.707 
Fuel analyses, C.737 
Fuel for cutting, A.266 
Fuel gas piping 
codes and standards, C.841 
materials, C.849 
purging, C.862 
sizing, C.846, C.847, C.848 
testing, C.862 
underground, C.860 
Fugitive emission, A.461 
Full bore, A.461 
Full penetration, C.120 
Fully stellited, A.461 
Function of bolts, A.372 
Furan resins, D.88 
Fusion, A.15 
Fusion bonded epoxies, C.293 
Fusion zone, A.15 
Future infiltrations, C.629 
FW piping, C.6 


Galvanic, C.545 
Galvanic cell, C.40 
Galvanic corrosion, C.334 
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Galvanic method, C.41 
Galvanic protection, C.295 
Galvanic series, C.41 
Galvanization, A.15 
Galvanizing, C.42 
Gamma iron, A.152, A.304 
Gas, C.763 
Gas categories, C.811 
Gas constant, C.276 
Gas distribution, C.249, C.250, C.267 
Gas gathering, C.251, C.262 
Gas generators, C.814 
Gas line filters, C.844 
Gas meter(ing), C.282, C.845 
Gas mixtures, C.821 
Gas riser piping, C.854 
Gas transmission, C.249, C.250, C.263 
Gas transportation, C.249 
Gas warmers, C.820 
Gaseous fire suppression, C.57 
Gaseous-fluid testing, B.652 
Gasket creep, C.333 
Gasket degradation, C.333 
Gasket dimensions, A.352, A.353, A.354, 
A.355—A.357, A.363 
Gasket operating stress, A.380 
Gasket selection, A.378, A.431 
Gasket standards, A.339 
Gasket stiffness, C.333 
Gasketed joints, C.679 
Gaskets, A.95, B.528, C.108, C.332 
compression, A.95 
materials, A.95 
relation of gaskets to bolting, A.97 
selection of materials, A.96 
Gaskets (type), A.338, A.371 
Camprofile, A.353, A.358, A.359, A.360 
jacketed, A.360 
lens ring, A.361, A.365 
metallic, A.361 
nonmetallic, A.339 
RTJ, A.340—A.345, A.361 
RX ring, A.363, A.364 
semimetallic, A.339 
spiral wound, A.339, A.353, A.355, A.375 
Gate valves, C.32, C.342 
Gauge (gage), B.528 
Gauge pressure, C.756 
Gauges, C.818 
Gel, B.491 
Gel time, B.483, B.496, D.145 
General arrangement, B.77 
General buckling, D.69 
General building codes, B.47 
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General service rating, A.474 
Girthweld coating, B.501 
Glass lined pipe, C.362 
Glass pipe, B.237 
Glass reinforcement, C.25 
Glass scrim, B.348 
Global warming, C.463 
Globe valves, C.343 
Glycols, C.457 
Grain boundaries, A.145 
Grain size, A.145 
Granular fixed conduit, C.110 
Graphitization, A.163, B.56 
Gray iron, A.150 
Grid, C.74 
Grippers, B.677, B.678, B.682 
Groove 

angle, A.16 

depths, C.150 

face, A.16 

radius, A.16 

segmented-ring couplings, A.16 
Grooved, A.417, A.426 
Grooved joint gaskets, A.430 
Grooved joints, C.680 
Grooved pipe couplings, A.426 
Grooved piping, A.417, A.426-A.449 
Gross instability, C.333 
Grounding, B.557 
Groundwater infiltration, C.645 
Guide location, A.449 
Guide spacing, A.436, D.130, D.131 
Gust response, B.177 
Gutter, C.701 
Gutter inlets, C.657 


Half stellited, A.461 

Half-couplings, B.147 

Halogen sniffer, B.657 

Halogenated gas suppression, C.57 

Halon, C.57 

Halon systems, C.82 

Hand layup, D.88 

Handhole, C.754 

Handy-cross method, C.6 

Hanger loading, B.191, B.195 

Hanger loads, B.190 

Hanger rod, B.232 

Hanger spacing, C.172 

Hangers and supports, A.16, B.222- B.228, 
C.73 

Hard facing, A.462 

Hardenability, A.146 

Hardness, A.131, B.521 


Hardness tests, C.355 
Harness clamp, A.408 
HARP (heater above the reheat), C.84 
Harnessing joints, C.39 
HAZ (heat affected zone), A.17, A.278, 
A.283 
Hazard assessment, C.542 
Hazardous fluids, C.554 
Hazardous materials, C.533 
Hazardous piping, C.533-C.565 
brazing, C.551 
codes and standards, C.536, 
C.537 
design conditions, C.544 
DON'Ts, C.564 
DOs, C.564 
failure modes, C.543 
layout, C.554 
leak testing, C.553 
materials, C.544 
nonmetallic, C.545 
repairs, C.563 
soldering, C.551 
standard components, C.546 
welding, C.550 
Hazen-Williams, C.196 
coefficient, C.79, C.81, C.82 
formula, A.405, C.79, C.80 
HAZOPs (hazard and operability studies), 
C.540 
HCFC (hydro-chloro-fluoro-carbon), C.463 
HDB (hydrostatic design basis), D.21, D.38, 
D.39, D.51 
Head, C.195 
Head losses, C.7, C.11, C.16 
Header, A.17, C.814, C.815 
Heat, A.35 
Heat affected zone (HAZ), A.17, A.278, 
A.283 
Heat Exchange Institute (HEI), A.223 
Heat exchanger piping, C.370 
Heat flow equation, C.211 
Heat flow rate, B.289 
Heat friction, C.210 
Heat fusion joint, A.17, C.683 
Heat gain, B.302 
Heat loss, B.256, B.266, B.268, B.269, 
B.298, B.301 
Heat of combustion, C.416 
Heat resistance, B.528 
Heat stabilizers, D.15 
Heat tracing methods, B.92, B.243, B.556, 
D.139 
Heat transfer fluids, B.323 
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Heat treatment, A.261, A.294, A.304, 
A.305—A.322, C.350 
annealing, A.305 
furnace, A.308 
local, A.309 
normalizing, A.305 
postforming, A.309 
preheat, A.283, A.284 
PWHT (postweld heat treatment), A.310 
stress relieving, A.305, A.322 
Heater above the reheat (HARP), C.84 
Heater cable rating, B.270 
Heater cable selection, B.267 
Heater drains, B.98 
Heater reliability, B.254 
Hedstrom number, C.577, C.578, C.582 
HEI (Heat Exchange Institute), A.223 
Helicoid, C.274 
Helium leak detectors, B.656 
Helium sniffer, B.657 
Henry-Fauske model, B.437, B.445 
Heterogeneous flow, C.586 
HGL (hydraulic grade line), B.374, B.378, 
C.11, C.14, C.15 
HI (Hydraulic Institute), A.224 
HI standards, A.224 
High cycle fatigue, B.111 
High pressure piping, C.6 
High vapor-pressure pipelines, C.241 
Holiday, B.483, B.529 
detection, B.501 
Hollomon-Jaffe parameter, A.148 
Hook’s Law, A.128 
Hoop stiffness, D.61, D.66 
Hoop stresses, B.34 
Hopper isolation, C.744 
Horizontal fixed position, A.17 
Horizontal rolled position, A.17 
Hose couplings, A.87 
Hose nipples, A.87 
Hot bending, A.17 
Hot boiled, B.687 
Hot-gas line, C.459 
Hot oil system, C.214 
Hot oils, B.324 
Hot piercing process, A.256 
Hot reheat system (HRS), B.94, C.89, C.90, 
C.117 
Hot taps, A.17 
Hot water, B.318, C.711 
Hot water temperature, C.723 
Hot working, A.18 
House drain, C.685 
House sewer, C.685 


House trap, C.685 

HRS (hot reheat system), C.90, C.117 

Hub and spigot, C.672 

Hubless, C.672 

Hydrant systems, C.61 

Hydrate considerations, C.263 

Hydraulic grade line (HGL), B.374, B.378, 
C.11, C.14, C.15 

Hydraulic gradient, C.198, C.204, C.205, 
C.206, C.207, C.215, C.230, C.605 

Hydraulic impact, C.640 

Hydraulic Institute (HI), A.224 

Hydraulic jet, C.664 

Hydraulic jump, C.38 

Hydraulic principles, C.640 

Hydraulic radius, A.18 

Hydraulic systems, C.732 

Hydraulic transient effects, C.316 

Hydraulic transient loads, B.48 

Hydraulically remote, C.711 

Hydraulics, A.404 

Hydraulics of sewers, C.635 

Hydrocarbons, C.309 

Hydro-chloro-fluoro-carbon (HCFC), C.463 

Hydrodynamic conditions, C.43 

Hydrogen attack, A.162, C.345 

Hydropneumatic tank, C.141 

Hydrostatic design basis (HDB), D.21, 
D.38, D.39, D.51 

Hydrostatic head effects, C.315 

Hydrostatic pressure, B.367 

Hydrostatic test plugs, B.675, B.676, B.679, 
B.681 

Hydrostatic test pressure, C.123 

Hydrostatic test set-up, B.670 

Hydrostatic testing, B.90, B.652, B.655, 
B.669, C.175, D.140 

Hypalon, B.526 

Hypalon mastics, B.347 


I.D. or ID, B.529 

Ice load, B.40, B.41 

IEEE (Institute of Electrical and Electron- 
ics Engineers), A.202 

Standards, A.224, A.225 

IGSCC (intergranular stress corrosion 
cracking), A.164 

Immersion testing, B.529 

Impact test, A.18, A.132, C.416, C.527 

Imperfection, A.18 

Impermissible pumping, C.661 

Imperviousness, C.42, C.650 

Imperviousness factor, C.701 

Imposed thermal movements, B.156—B.160 
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Impressed current, C.294 
Impressed-current method, C.41 
Impurity, C.711 
Incomplete fusion, A.18 
Incompressible flow, B.394 
Incompressible liquid, B.457 
Indication, A.18 
Indirect waste, C.685 
Indirect-fired, C.711 
Individual vent, C.695 
Induction bending, A.275, A.276, C.320 
Induction heating, A.18, B.252 
Industrial sewage, C.624 
Industry Risk Insurers (IRI), C.84 
Inert gases, C.809 
Inertness, C.41 
Infiltration, C.621, C.624, C.634 
Inflow, C.621, C.625 
Influence length, B.201 
Ingot, Blooms, A.246 
Inlet time, C.701 
In-line subcooler, C.443 
cryogenic, C.444 
Inner ring, A.358 
Insert rings, B.577 
Inspection, A.18, C.663 
Installation drawings, A.263 
Institute of Electrical and Electronics Engi- 
neers (IEEE), A.202, A.224, A225 
Instrument air, C.796 
Instrument lines, C.435 
Instrument piping, A.18, C.378 
Instrument Society of America (ISA), 
A.225-A.228, B.4 
Instrumental symbols and identification, 
B4 
Instrumentation, C.750 
Insulated pipe, B.290 
Insulating joints, C.295 
Insulation, B.91, C.397, C.518, D.139 
Insulation materials, B.292 
calcium silicate, B.327 
cellular glass, B.328 
elastomeric foam, B.331 
fiberglass, B.332 
mineral wool, B.332 
perlite, B.335 
phenolic foam, B.337 
polyisocyanurate, B.338 
polystyrene foam, B.337 
polyurethane foam, B.338 
Insulation system, B.294 
Insulation thickness, B.325- B.337 
Integral jacketed, C.360 


Integral wearback, C.732 

Integral welded attachment (IWA), B.150 

Intensity, C.701 

Interactive design, B.104 

Intercept valve (IV), C.84, C.128, C.129 

Interceptor, C.627, C.685, C.687 

Interface temperature, B.320 

Interference(s), B.79, B.104 

Intergranular attack, A.164 

Intergranular stress corrosion cracking 
(IGSCC), A.164 

Interior piping, C.861, C.863 

Interior storm water drainage, C.700 

Intermediate pressure (IP), C.84 

Internal coating, C.292 

Internal design pressure, C.21, C.94, C.222 

Internal discontinuities, A.315 

Internal machining and backing rings, 
A.102, A.103 

Internal misalignment, A.287 

Internal piping, C.446 

Internal pressure, B.67-B.72, C.23, C.222, 
C.224 

Internal pulsations, C.316 

Internal-anchor coupling, B.583 

Internal-anchoring, B.581, B.582 

Internal-baffle, B.582, B.584 

Internally insulated piping, C.314 

International piping materials, E.69—E.81 

International plumbing code, C.668 

Interpass temperature, A.18, A.283, A.285 

International Standards Organization 
(see ISO) 

Interpretations, A.181 

Interruptible service, C.843 

Interstitial alloy elements, A.127 

Interstitial supports, B.587, B.631, B.632 

Invert, C.685 

Ion, C.711 

IP (intermediate pressure), C.84 

IRI (Industry Risk Insurers), C.64 

Iron-carbon equilibrium diagram, A.153 

Iron oxide, C.40 

Iron pipe making, A.244 

ISA (Instrument Society of America), 
A.225, B.4 

ISA Recommended Practices, A.225 

ISA standards, A.225-A.228 

ISO (International Standards Organiza- 
tion), B.5, E.196-E.212 

ISO Standards, A.240, E.196-E.212 

Isobaric process, C.756 

Isochoric process, C.756 

Isolation, C.32 
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Isolation valves, A.488 

Isophthalic polyester resin, D.88 

Isostatic moldings, B.535 

Isothermal crude oil, C.236-C.239 

Isothermal flow, B.392 

Isothermal process, C.756 

Isothermal transformation, A.155 

IV (intercept valve), C.84, C.128, C.129 

IWA (integrated welded attachment), 
B.150 


Jacketed-lined pipe, B.557 
Jacketed pipe, C.358, C.359 
Japanese standards, A.239 
Joining ductile or cast iron pipe, A.114 
Joining thermoplastic piping, D.27-D.29 
flanged, D.29 
heat fusion, D.28 
socket-spigot, D.28 
threading, D.29 
Joint, A.114, A.323, B.28, B.483, C.822, 
B.359 
adhesive, D.92 
alignment, A.321 
ball and socket, A.117 
ball expansion, A.84 
bell and spigot, A.114, A.407, D.92, D.94 
bellows type expansion, A.84 
bolted, A.87 
bonded, A.410 
brazed, A.99, A.109, B.29 
butt and wrap, D.93, D.94 
butt welded, B.28 
compression, B.30 
coupling, A.324 
efficiency factor, C.319 
expansion, A.84 
flanged, A.323, B.30, D.93, D.94, D.139 
grooved, A.417, A.426, A.455, B.30 
integrity, A.333, A.396 
leakage, C.32 
mechanical, A.323, D.95 
mechanical (gland type), A.114 
mechanical lock type, A.115 
mechanical push on type, A.115 
mechanical screw-gland type, A.115 
penetration, A.18 
pressfit, A.417, A.418, A.419 
protection, B.474, B.475, B.476, B.478 
restrained, A.408 
rubber expansion, A.86 
screwed, B.29 
shouldered, A.426 
slip type expansion, A.84 


Joint (Cont.) 
snap ring, A.408 
socket welded, B.29 
soldered, B.29 
stiffness, A.373, A.375 
straight-socket, D.92 
subaqueous, A.409, A.411 
testable, A.409, A.410 
threaded, A.86, A.323, B.29, D.93, D.94 
Tyton, A.115 
universal type, A.117 
weld factor, C.219 
welded, A.99 
Joule-Thomson effect, C.349 
Junction chamber, C.657, C.658 


Killed steel, A.151 
Kinematic viscosity, A.18 
Knife gates, C.745 

Knife line attack, A.165 
Kryo-genikos, C.391 


Laboratory diversity, C.855 

Laboratory vacuum system, C.831 

Lading/vessel, C.396 

Ladle analysis, A.128 

Laminar flow, A.19, C.240 

Lantern ring, A.462 

Lap joint flanges, C.314, C.331, C.553 

Lap seam, B.529 

Lapped joint, A.19 

Large flange, C.331 

Larson-Miller parameter, A.168 

Latent heat, C.875 

Lateral restraint, A.439 

Lateral sewer, C.620 

Latrolets, B.147 

Launching, C.290, C.291 

Law of equilibrium, A.32 

Laying length, A.398 

Layout, A.278 

Layout considerations, B.75-B.106 

LCP (lined cylinder pipe), A.400, 
A.407—A.410 

Leader, C.685, C.701 

Leak detection, C.232, C.283 

Leak detector, B.655, B.674 

Leak seating, A.332 

Leak test, A.261, A.326, B.671, C.553 

Leak tight, B.551 

Leak tightness, C.333 

Leakage integrity, B.28, B.29, A.331 

Leakage surveys, C.299 

Leak-off connection, A.462 


LEL (lower explosive level), C.810 

Life cycle cost, C.310 

Life fraction summation, A.136 

Light aging, B.529 

Light water reactor (LWR), C.83 

Line load, C.316 

Line regulator, C.845 

Line sensing control, B.281 

Linear, A.462 

Linear flow characteristics, A.462 

Linear movement, A.435, A.441 

Lined cylinder pipe (LCP), A.400, 
A.407-A.410 

Lined fittings, B.536 

Lined pipe, A.301 

Lined piping, B.499 

Lined piping cost ratio, B.543 

Lined valves, B.536 

Liner material, B.537 

Linings, B.54 

Liquefaction, C.392, C.394 

Liquefied petroleum gas (LPG), C.839, 
C.863, C.876 

Liquid flashoff, C.423 

Liquid level sensing, B.642 

Liquid lines, C.478—C.488, C.503 

Liquid oxygen evaporation, C.435 

Liquid penetrant examination or inspec- 
tion, A.19 

Liquid phase, C.359 

Liquid ring compressors, C.767 

Liquid storage, C.391 

Liquid-petroleum pipeline, C.186 

Liquids, C.763 

Liquified gas, B.324 

Live load, C.531, D.134 

Live loading, A.367 

LNG (liquefied natural gas), C.851 

Load bearing attachments, B.216 

Load factor, C.192 

Load rating, B.233 

Loading conditions, B.20, B.31 

Loading considerations, B.218 

Loads, C.99 

LOCA (loss of coolant accident), B.160 

analysis, B.172 

Local barometric pressure, C.803 

Local preheating, A.19 

Local stresses, B.148, B.149 

Local stress-relief heat treatment, 
A.19 

Localized stress concentration, D.40 

Location classes, C.256 

Location of supports, B.217 
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Lockhart and Martinelli, C.420, C.421, 
B.422 
Locknuts, A.367 
Long radius elbows, B.89 
Long term hydrostatic strength (LTHS), 
D.38 
Longitudinal effects, D.72 
Longitudinal joint factor, C.257 
Longitudinal seams, C.349 
Longitudinal skived, B.513 
Loop vent, C.695 
Loss of coolant accident (LOCA), B.160 
analysis, B.172 
Low cycle fatigue, B.112 
Low flow protection, C.368 
Low pressure source, C.269 
Low temperature design criteria, C.526 
Lower explosive level (LEL), C.810 
LPG (liquefied petroleum gas), C.839, 
C.863, C.866 
pipe sizing methods, C.876 
pumps, C.879 
storage tanks, C.863 
LTHS (long-term hydrostatic strength), 
D.38 
Lubricants, A.514, D.15 
LWR (Light Water Reactor), C.83 


Mach number, B.353, B.392, B.393 
Magnetic particle examination, A.19 
Main and feeder network, C.83 

Main gas systems, C.272, C.273 

Main sewer, C.620 

Main steam system, B.94, C.89, C.100, 
C.101 

Main vent, C.695 

Mainline, C.251 

Mainline valve, C.265, C.266, C.267 
Maintainability, C.346 

Makeup water, C.5 

Malleable iron, A.19, A.150 

Man holes, C.643, C.657 

Mandrel (Pilger) mill process, A.247 
Manganese, A.156 

Manifold assembly, C.814 

Manifolds, C.815 

Mannesmann plug mill process, A.249 
Manning equation, C.636, C.637, C.638, 
C.639, C.645, C.653 

Manning formula, B.447 

Manning roughness factor, B.447 
Manufacturers Standardization Society 
(MSS), A.228- A.232 
Manufacturing tolerance, B.33, C.24 
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MAOH (maximum allowable operating 
head), C.197, C.205 
MAOP (maximum allowable operating pres- 
sure), C.197, C.201 
Marconaflo technique, C.607 
Marine condensers, C.516 
Mass flow meters, C.820 
Mass point spacing, B.165 
Mass transfer coefficient, C.46 
Mastic, B.436 
Material safety and data sheet (MSDS), 
C.417, C.802 
Material selection, C.544 
Material specifications, A.169 
Materials for welding, C.348 
Maximum acceptable pressure, C.711 
Maximum building demand, C.711 
Maximum velocity, C.422, C.518 
Maximum working pressure, A.432 
Mean temperature, B.322 
Mean velocity of flow, A.19 
Mechanical cabinet exhaust, C.812 
Mechanical coupling, C.72 
Mechanical factors, C.354 
Mechanical (gland type) joints, A.112, 
A.113, C.330 
Mechanical joint, A.20, C.559, C.679, C.680 
disengagement, C.543 
Mechanical loads, C.316 
Mechanical strength, B.34, C.25 
Melt stick, B.503 
Melting temperature, A.144, A.145 
Membrane stress, B.110 
Metallic materials, A.149 
Metallic pipe and fittings, A.243, C.544, 
C.672 
Meter assembly, C.844, C.858 
Metering, C.232 
Methods of analysis, B.47 
response spectra, B.47 
seismic, B.48 
static coefficient, B.47 
time history, B.47 
Microbiological growth, C.5 
Mill length, A.20 
Mill tolerance, C.149 
Mineral insulated cable, B.249 
Mineral salts, C.39 
Minimum, B.35 
acceptable pressure, C.711 
support width, D.127 
thickness, C.24 
Missing mass effect, B.166 
Miter, A.20, C.321, C.322 
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Miter joint, C.529 

Mitered fittings, D.92 

Mobile equipment, C.391 

Mobile equipment system, C.391, C.445 

Modal response spectra, B.162 

Modifications, C.131 

Modulus of elasticity (Young's modulus), 
A.128, C.25, E.107 

for metals, A.130, A.131 

Moisture content of air, C.764, C.765 

Moisture detection, B.642 

Moisture separator, C.768 

Molybdenum, A.156 

Moment, A.32 

Monochloride fluoromethane, C.462 

Moody diagram, B.371, B.372, C.12 

Moody model, B.430, B.431-B.436, 

B.441 

Mortar, B.469, C.654 

MSDS (material safety and data sheet), 

C.417, C.802 

MSS (Manufacturers Standardization 

Society), A.228 

MSS Standard Practices, A.228-A.232 

MTA (million tonnes per annum), C.192 

Multifilament strings, B.514 

Multiphased flow, C.242 

Multiple load paths, B.48 

Multiple primary pipe, B.635 

Multiple ratings, A.474 

Multiproduct pipelines, C.240 


NACE (National Association of Corrosion 

Engineers), B.512 

National Fire Protection Association 

(NFPA), A.232, A.233, A.474, C.802 

National Insulation Association (NIA), 

B.287 

National Micrographic Association (NMA), 

B.5 

National Sanitation Foundation (NSF), 

B.483 

National standard code, C.668 

Natural gas (NG), C.249, C.839, C.843 

liquid (NGL), C.210, C.240 

pipe sizing, C.855, C.858 

Natural rubber, B.524 

NBR, B.529 

NCR (nonconformance report), B.18 

NDE (nondestructive examination), A.20, 
A.261 

liquid penetrant, A.315 

magnetic particle, A.316 

radiographic, A.313 
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NDE (nondestructive examination) (Cont.) 

ultrasonic, A.315 

visual, A.313 

Near azeotropic refrigerant mixtures (NA 

RM's), C.466 

Negative pressure dilute phase, C.728 

Neoprene, B.526 

NER (normal evaporation rate), C.394, 

C.396 

Nerve, B.529 

Nested, B.483 

Net positive suction head (NPSH), B.463, 

B.464, C.22, C.440 

Newtonian fluid, B.367 

Newtonian liquid, A.20 

Nexus, D.145 

NFPA (National Fire Protection Associa- 
tion), A.232 

publications, A.232, A.233 

rating, A.474 

NG pipe sizing, C.855, C.858 

NGL (natural gas liquid), C.210, C.240 

NIA (National Insulation Association), 

B.287 

Nickel, A.156 

Nickel and nickel alloys, A.175 

Nil-ductility transition temperature, A.132 

Nipple, A.20 

Nitrile rubber, B.526 

NMA (National Micrographic Association), 

B.5 

No-break zone, B.174 

Noise, C.21, C.22 

Noise control, B.305 

Nominal composition of wrought copper 

materials, A.173 

Nominal Diameter (DN), A.20 

Nominal thickness, A.20 

Nominal, B.38 

Nonclog centrifugal pumps, C.659 

Nonconformance report (NCR), B.18 

Nondestructive examination (NDE), A.20, 

A.261, A.313, A.315, A.316 

Nonferrous pipes, C.614 

nonferrous pipe making processes, A.255 

Nonisotropic, C.545 

Nonmetallic piping, C.545 

Nonmetallic spacers, C.429 

Nonrising stem, A.484 

Nonuniform flow, C.642 

Normal, B.39 

Normal air, C.756 

Normal evaporation rate (NER), C.394, 

C.396 


Normal operating temperature, B.39 
Normal operation, B.32 

Normal pressure, C.711 

Normalizing, A.305 

Nozzle, A.21 

NPSH (Net position suction head), B.463, 
B.464, C.22, C.440 

NRC (Nuclear Regulatory Commission, 
USS.), B.4 

NSF (National Sanitation Foundation), 
B.483 

Nuclear plant, a critical concern in, C.5 
Nuclear Regulatory Commission (NRC), 
B.4 

Nuclear steam supply system (NSSS), C.84, 
C.90, C.91 

Nut material, C.109 

Nuts, C.109 

heavy series, A.364, A.368, A.369 
Nuvaloy, C.733, C.738 

Nylon powder linings, B.484 


O-ring gasket, A.398 

Occupational Health and Safety Act 
(OSHA), B.93 

OBE (operating basis earthquake), B.161 

O.D. or OD, B.529 

Occasional loadings, B.159 

Occasional loads, B.118, B.135, B.139, 
B.144 

Off gauge, B.529 

Off-loading, B.501 

Offset, A.288, C.685 

Oil return, C.504 

One and two family dwelling code, C.668 

Open channel flow, C.635 

Open discharge, B.86, B.87 

Open-hearth furnace, A.245 

Open seam, B.529 

Operability, B.47, B.92, C.346 

Operational license (OL), A.189 

Optimization of line size, B.374 

Optimum cure, B.529 

Optimum hydraulic design, C.7 

Optimum sizing, C.467 

Ordinary bedding, C.662 

Orifice, B.411, B.444 

Oroskar & Turian correlation, C.588 

OSHA (Occupational Safety and Health 
Act), B.93 

Outfall sewer, C.620, C.627 

Outgasing, C.823 

Ovality, A.269, C.119 

Ovality, correction factor, D.54 
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Over lay, B.529 

Overflow, C.701 

Overhead position, A.21 
Overland flow time, C.701 
Overlap, B.513 

Overpressure, B.32 
Overpressure protection, C.124, C.282 
Owner, C.535 

Oxidation, A.128, B.529 
Oxidative, D.40 

Oxide thickness, A.166 
Oxidizers, C.809 

Oxidizing flame, A.21 
Oxyacetylene cutting, A.21 
Oxygen cutting, A.21 

Oxygen gas piping, C.418, C.422 
Oxygen gouging, A.21 

Oxygen index, C.416 

Ozone depletion, C.463 


P&ID (piping & instrumentation diagram), 
B.7, B.8, B.11, B.12, B.74, B.78 

Parallel piping, C.8, C.9 

Paramagnetic materials, A.316 

Particulates, C.763 

PASC (proportional ambient sensing con- 
trol), B.282 

Pass, A.21 

Passivation, B.470 

Paste extrusions, B.534 

Patch, B.503 

PB (polybutylene), D.4, D.24 

PCCP (prestressed concrete cylinder pipe), 
A.397-A.415, C.23 

PE (polyethylene), B.541, D.4, D.22 

Peak design flows, C.629 

Peak stress intensity, B.116 

Peaking factor, C.629 

Pearlite, A.304 

Peel test, A.21 

Peening, A.21, C.349 

Penetration, B.201 

Penetration anchors, B.203 

Per capita flow, C.627 

Perfect vacuum, C.756, C.803 

Performance test codes (PTC), A.201, 
A.202 

Permeability, B.307 

Permeance, B.308 

Personnel comfort, B.296 

Personnel protection, B.294 

Petroleum characteristics, C.188, C.189 

Petroleum refinery piping, C.309 

PEX (crosslinked polyethylene), D.4, D.25 


PFA (perfluoro alkoxy), B.538 
PFI (Pipe Fabrication Institute), A.233, 
A.263, B.76, C.350 
Bulletins, A.234 
Engineering Standards, A.233, A.234 
pH, B.529 
pH probe, B.646 
Phenolic resins, B.484, D.88 
Phosphorus, A.155 
Physical attributes, B.19 
Physical damage, B.20, B.54 
Physical design drawings, B.14 
Physical metallurgy of steel, A.151 
Physical properties of air, C.759 
Physical strength, C.672 
Physicalization, B.77 
allowable, C.189-C.190 
bending, B.79 
racks, B.91 
Pickle, A.21 
Piezometer, C.15 
Pigging, B.241 
Pigments, B.490 
Pilger (Mandrel mill process), A.247 
Pilot line, C.56 
Pilot operated, C.845 
Pilot operated relief valve (PORV), C.279 
Pin ball machine, C.291 
Pinhole, B.522 
Pipe 
bell-welded pipe, A.9 
cast, A.254 
cast iron, A.254 
cast steel, A.255 
cement lined cast iron, A.121 
cement lined ductile iron, A.121 
cement lined steel, A.121 
centrifugal cast pipe, A.10 
cold wrought steel, A.255 
concrete, cement, and cement lined, 
A.120 
concrete pressure pipe, A.399 
continuous welded pipe, A.11 
diameter nominal (DN), A.4 
double submerged arc-welded pipe, A.12 
electric flash welded pipe, A.13 
electric fusion-welded (EFW) pipe, A.13 
electric resistance welded (ERW) pipe, 
A.13 
embedded cylinder pipe (ECP), A.400, 
A.407—A.410 
extruded pipe, A.14 
forged and bored-pipe, A.15 
forged seamless, A.250 
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Pipe (Cont.) 
furnace welded, A.252 
fusion welded, A.252 
lined cylinder pipe (LCP), A.400, A.407- 
A.410 
metallic, A.243 
nominal pipe size, A.4, A.20 
nonreinforced concrete, A.120 
pipe alignment guide, A.21 
pipe supporting fixtures, A.21 
pipeline or transmission line, A.22 
pression nominal (PN), A.6 
reinforced and prestressed concrete, 
A.121 
reinforced concrete, A.121 
rolled pipe, A.24 
rubber-lined, B.507 
schedule, A.4, A.5 
seamless, A.247 
seamless pipe, A.25 
size, A.4 
spiral welded pipe, A.27 
statically cast pipe, A.27 
welded, A.252 
wrought pipe, A.31 
Pipe and rod sizes, B.233 
Pipe and tube 
aluminum and aluminum alloy, A.255 
cold and hot finishing, A.251 
copper and copper alloy, A.255 
forming processes, A.246 
nickel and nickel alloy, A.256 
products, A.53 
sizes, commercial, A.257 
titanium and titanium alloy, A.256 
Pipe and tubing alloy specification 
copper and copper base, A.174 
nickel and nickel base, A.175 
Pipe attachments, B.229 
Pipe bedding, C.661 
Pipe branch design, C.151 
Pipe break analysis, B.173 
Pipe Fabrication Institute (PFI), A.233, 
A.234, A.263, B.76, C.350 
Pipe flow capacities, C.468 
Pipe lining, B.535 
Pipe lining/liner types 
ETFE (ethylenetetrafluoroethylene), 
B.539 
FEP (fluorinated ethylene propylene), 
B.538 
PE (polyethylene), B.541 
PFA (perfluoroalkoxy), B.538 
PTFE (polytetrafluoroethylene), B.538 


Pipe lining/liner types (Cont.) 
PVDC (polyvinylidene chloride), B.539 
PVDF (polyvinylidene fluoride), B.539 

Pipe manufacturing methods, A.259 

Pipe material, C.821, C.833 

Pipe misalignment, A.453 

Pipe rupture, B.456 

Pipe sizing, C.79, C.80, C.721, C.823, C.836, 

C.849 
process, C.493 

Pipe supports, A.325, B.91, B.215, C.556 

Pipe toughness, C.28 

Pipe wall thickness, C.148 
selection, C.22 

Pipeline alignment, C.39 

Pipeline booster stations, C.272 

Pipeline maintenance, C.298 

Pipeline markers, C.299 

Pipeline patrolling, C.298, C.299 

Pipeline pigs, C.234 

Pipeline routes, C.263 

Pipeway, C.372 

Pipe-weld joints design, A.100 

Piping, A.3, C.328 
ash handling, C.727 
ASME materials, E.61—E.67 
ASTM materials, E.61—E.67 
bolted joints, A.331 
British Standards, E.120—E.154 
building services, C.135 
codes and standards, A.179 
components, A.53 
compressed air, C.755 
compressed gases, C.801 
computer programs, E.109-E.118 
concrete lining, B.469 
cryogenic, C.391 
DIN Standards, E.155—E.183 
double containment, B.569 
fabrication, A.261 
fiberglass, D.79 
fire protection, C.53 
flexibility, B.79 
flow of fluids, B.351 
fuel gas, C.839 
fusion-bonded epoxy coatings, B.481 
fusion-bonded epoxy linings, B.481 
gas distribution, C.249 
gas transmission, C.249 
grooved, A.417 
hazardous, C.533 
heat tracing, B.241 
installation, A.261 
international materials, E.69—E.81 


1.22 INDEX 


Piping (Cont.) 
International Standards, E.119—E.212 
ISO Standards, E.196-E.212 
isometric drawings, B.14, B.15 
Japanese Standards, E.184—E.195 
layout, B.75 
leak testing, B.651 
manufacturing, A.243 
material properties, E.101—E.107 
materials, A.125 
oil distribution, C.181 
oil transmission, C.181 
plastic-lined, B.533 
plumbing, C.667 
pressfit, A.417 
pressure testing, B.651 
process, C.305 
refrigeration, C.457 
rubber-lined, B.507 
sizing, B.59 
sludge, C.587 
slurry, C.587 
spool drawings, B.14, B.16 
steam systems, C.83 
stormwater, C.619 
stress analysis, B.107 
supports, B.215 
thermal insulation, B.287 
thermoplastics, D.3 
vacuum, C.801 
wastewater, C.619 
water systems, C.3 
Piping & instrument diagram (P&ID), B.7, 
B.8, B.11, B.12, B.74, B.78 
Piping classification, A.257 
Piping codes and standards, A.179—A.241, 
B.651 
Piping components, A.53, C.25 
Piping failure, C.543 
Piping joints, C.71, C.103 
Piping layout, C.554 
Piping material specification, C.26 
Piping materials, A.125, B.57 
BCC (body centered cubic), A.126 
chemical properties, A.127 
FCC (face centered cubic), A.126, A.152 
mechanical properties, A.128 
metallurgical properties, A.145 
other properties, A.126 
physical properties, A.139, A.144, A.145 
Piping networks, C.6, C.701 
Piping system, A.22 
design, C.787 
materials, A.171 


Pitch, C.685 
Plain, A.370 
Plant efficiency, C.4 
Plant piping systems, C.4 
Plasma arc cutting, A.266 
Plasma cutting, A.22 
Plastic, A.22 
Plastic lined pipe, B.533, C.362 
Plastic linings, B.484 
Plastic pipe, B.237 
Plastic Pipe Institute (PPI), A.234, A.236, 
D.5, D.39 
Plasticity, A.126, B.529 
Plasticization, D.48 
Plumbing code, C.667, C.668 
Plumbing fixture, C.685, C.669, C.670 
Plumbing piping, C.667 
codes and standards, C.667, C.668 
joints, C.676 
materials, C.669—C.676 
pipe size selection, C.721 
Plumbing system, C.668 
Ply adhesion, B.529 
Ply separation, B.529 
Pneumatic leak testing, B.653, B.673 
Pneumatic placement, B.470 
Pneumatic testing, C.176, C.356 
Pocketing, B.617 
Point of use heater, C.711 
Poisonous gases, C.812, C.821 
Pollutant, C.711 
Polyester resin, D.86, D.87 
Polyethylene (PE), B.541, D.4, D.22 
Polymer, B.529, D.14 
Polymer chain, B.530 
Polymer insulated cable, B.250 
Polymer mechanical properties, B.562 
Polymer standard specifications, B.541 
Polyolefins, B.486 
Polypropylene (PP) pipe, B.535, B.539, 
C.675, D.4, D.26 
Polytetrafluoroethylene (PTFE), B.534, 
B.538 
Polytropic process, C.756 
Polyurethane foam, C.396, C.397 
Polyvinyl chloride (PVC), C.675, D.4, 
D.18-D.20 
Pop gun, B.677 
Porosity, A.22, B.511 
Port, A.462 
Portland cement mortar, B.469, B.471 
PORV (pilot operated relief valve), C.279 
Positive displacement, C.766 
Positive pressure dense phase, C.731 


Post indicator valves, B.100 
Postbending, A.309 
Postforming, A.309 
Postheating, A.22 
Postweld cleaning, B.497 
Postweld heat treatment (PWHT), A.310, 
C.84 
Potable water, C.711 
Potable water supply, C.710 
Powder coating, B.483 
Powder insulation, C.429 
Power, A.33 
Power line carrier, B.284 
PP (polypropylene), B.535, B.539, D.4, 
D.26 
PPI (Plastic Pipe Institute), A.234, D.5, 
D.39 
Technical Notices, A.236 
Technical Reports, A.235, A.236 
Preaction sprinkler, C.59, C.60 
Precast trenches, B.312 
Precipitation intensity, C.650 
Precipitator, C.736 
Preengineered, B.572 
Preengineered systems, C.60 
Preheat, A.184, A.283 
Preheating, A.22 
Press molding, D.91 
Press relief valve (PRV), C.829 
Pressfit, A.417—A.426 
supports, A.421 
Pressure, A.22, D.91 
binding, A.494 
class, B.62, B.63 
classification, B.23 
integrity, B.21, B.33, B.34 
rating (PR), D.51 
Pressure classes, C.673 
Pressure control valve, C.65 
Pressure cure, B.530 
Pressure dewpoint, C.762 
Pressure drop, C.466, C.808 
Pressure enthalpy chart, C.398 
Pressure force mains, B.619 
Pressure head, A.23 
Pressure integrity, C.346 
Pressure integrity standards, B.22, B.61 
Pressure loads, B.145 
Pressure loss, C.492 
Pressure piping system, B.608 
Pressure reducing station, C.107 
Pressure reducing valves, C.65, C.142 
Pressure regulating valve (PRV), C.719 
Pressure regulators, C.845 
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Pressure relief device, A.489, C.341, C.868 
Pressure relief valves, C.33, C.279 
Pressure stress, B.157 
Pressure surges, C.21, C.230 
Pressure-temperature rating, A.435, B.26, 
C.21, C.319 
cast iron fittings, A.55 
cast iron pipe flanges and flanged fittings, 
A.59 
malleable iron fittings, A.56 
pressure tight joints, A.87 
special class valves, B.65 
standard class valves, B.64 
Pressure test data sheet, B.618 
Pressure testing, B.551, B.651, C.121, C.355, 
C.828 
Pressure tubing, A.53 
Pressure vessel piping, C.363 
Pressure Vessel Research Council (PVRC), 
A.332, A.379 
Pressure vessels, C.21 
Pressure wave, C.229 
Pressure zone, C.711 
Prestressed concrete cylinder pipe (PCCP), 
A.397-A.415, C.23 
Preventing backflow, C.34 
Prevention of accidental operation, C.302 
Primary bank, C.814 
Primary pipe, B.577 
Primary stress, B.109 
Primary stress intensity, B.114 
Prime agents, C.39 
Primers, B.494 
Priming, B.494 
Probe monitoring system, B.640 
Process control, B.297 
Process hazard analysis, C.535 
Process piping, C.305—C.387 
bolting materials, C.336 
codes and standards, C.312, C.313 
examination, C.353 
fitting standards, C.327 
flange materials, C.330 
gasket materials, C.335 
hydrostatic tests, C.355 
inspection, C.353 
layout, C.363 
loading, C.314 
materials, C.326, C.344 
pneumatic tests, C.356 
testing, C.353 
Process plant piping, C.309, C.310 
Process safety management, C.535 
Processing aids, D.15 
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Profile, B.530 

Profile elevation, C.199 

Propane (R-290), C.463, C.867 

Propane mixer, C.871, C.872 

Propane/Air Mixers, C.872 

Properties of cryogenic fluids, C.400 

Properties of gases, E.87 

Properties of water, C.13, E.84 

Property modifiers, D.15 

Propylene glycol, C.457 

Protection saddles, B.229 

Protective coatings, B.239, C.41 

Protective conduits, C.83, C.109 

Protective linings, C.656 

Pseudo loops, C.7, C.8 

Pseudocritical pressure, C.260 

Pseudocritical temperature, C.260 

psi, B.530 

PSM regulations, C.537 

PTC (Performance Test Codes), A.201, 
A.202 

PTFE (polytetrafluoroethylene), B.534, 
B.538 

Pump piping, C.366 

Pump selection, C.228 

Purge, C.275 

Purge devices, C.819 

Purging, A.23, C.829, C.862 

Purifier, C.460, C.817 

Purity, cleanliness and, C.823 


PVC (polyvinyl chloride), C.675, D.4, D.18, 


D.19, D.20 

PVC pressure rated pipe, C.31 

PVDC (polyvinylidene chloride), B.533, 
B.538 
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Radical compaction, B.470 
Radiographic examination, A.23 
Rainfall frequency, C.632 
Rainfall intensity, C.633 

Ram extrusion, B.535 

Random radiography, C.354 
Rankine cycle, C.127 

Rapid closure, B.459 

Rate of cure, B.530 

Rate of rainfall, C.701 

Rated vacuum, C.808, C.827 
Rational gas flow formula, C.253, C.254 
Rational method, C.630 

Raw water, C.711 


RCRA (Resource Conservation and Recov- 


ery Act), B.570 
Reactive force, C.280 
Reactive hazard, C.802 
Reactivity, C.535 
Reasonable velocities, C.114 
Receivers, C.832 
Reciprocating compressor, C.365, C.766 
Recirculation-type systems, C.5 
Recommended velocity, C.834 
Recovery, B.530 
Recovery rate, C.711 
Recrystallization, A.145 
Red brass pipe, C.155 
Reduced pressure zone, C.713 
Reducers, C.324 
Reflectance, B.288 
Reflected wave, C.229 
Refractory lined pipe, C.356, C.357 
Refrigerant cooled, C.768 
Refrigerant flow rate, C.463 


PVDF (polyvinylidene fluoride), B.539, D.4 
PVRC (Pressure Vessel Research Council), 


Refrigerant R-12, B.450 
Refrigeration, C.457 


A.332, A.379 Refrigeration capacity, C.508-C.515 
PWHT (Postweld heat treatment), A.310, Refrigeration cycle, C.459 
C.84 Refrigeration piping, C.457 


PWR (Pressurized Water Reactor), C.100 
Pyrophoric gases, C.812 


codes and standards, C.458 
design pressure, C.522 
design, C.519 
Qualification Inspection or Test, B.530 insulation, C.518 
Quality assurance (QA), A.262 joints, C.522 
Quality conformance inspection or test, limitations, C.521 

B.530 materials, C.519, C.520 
Quality control (OC), A.262 thickness of pipe, C.524 
Quenching, A.23 threaded joints, C.522 
Regulating valves, A.489 
Regulator assembly, C.844 
Regulators, C.816, C.866 
Regulatory agencies, C.626 
Reheat cycles, C.125 


Rack piping, C.372 

Radial misalignment, C.348 
Radiance, B.288 
Radiation, B.288 
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Reheat performance, C.126 Riser supports, B.234 
Reheat steam system, C.89 Risers, A.449, A.450 
Reinforcement, A.23, C.120 Risers mains, C.73 
Relative anchor movements, B.51 Rising stem, A.481, A.484 
Relative density, C.195 Risk-based inspection, C.535 
Relative humidity, C.762 Road relief circuit, C.448 
Relaxation of flange joint, A.376 Roll grooved, A.451 
Relief, C.275 Rolled groove, A.427, A.428 
Relief valve discharge loads, B.49 Roller support, C.752 
Relief valve outlet, B.87 Roof drainage system, C.703, C.705 
Relief valve piping, C.374, C.375, C.376, Roof overflows, C.702 
C.377 Root edge, A.24 
Relief valve settings, C.21, C.868 Root face, A.24 
Relief valves, B.670, B.674, C.38, C.818 Root of joint, A.24 
Relief vent, C.695, C.697 Root opening, A.24 
Repair, A.23, C.131, C.563 Root pass, A.293 
Replaceable wearback, C.730 Root penetration, A.24 
Replacements, C.131 Root reinforcement, A.25 
Repressurizing, C.272 Root surface, A.25 
Reserve bank, C.814 Rotary displacement meters, C.285 
Residual water pressure, C.711 Rotary screw compressor, C.767 
Resins, B.489, D.12, D.145 Rotary stem, A.484 
Resistivity measurement, B.645 Rotational movement, A.435 
Resource Conservation and Recovery Act Roughness factor, B.447 
(RCRA), B.570 Route selection, C.191, C.263 
Response spectra analysis, B.164 Roving, D.145 
Response spectrum curve, B.163 RSC (ring stiffness constant), D.65 
Restrained end loads, D.130 Rubber, B.530 
Restrained fiberglass, B.596 Rubber lining, B.484, B.507 
Restrained lines, B.143 abrasion resistance, B.520 
Restrained pipeline, C.223 chemical resistance, B.520, B.523, B.525 
Restraint, A.23 flange face, B.516 
Retrograde condensation, C.399 grooved piping, B.517 
Return bend, C.66 hardness, B.520, B.521 
Return period, C.701 lateral, B.516 
Revent, C.695 lining thickness, B.522, B.523 
Reverse polarity, A.23 multiple construction, B.513 
Reversing exchanges, C.435 nozzle, B.516 
Reversion, B.530 one construction, B.513 
Reynolds number, A.24, B.353, B.370, C.45, pipe, B.507-B.531 
C.577, C.578, C.583, C.586, C.590 soft, B.517 
Rheological models, C.573, C.576 temperature resistance, B.524 
bingham plastic, C.573, C.574, C.577 Rubber-lined piping, B.507 
Newtonian, C.573, C.574 assembly, B.519 
pseudoplastic, C.573 branch limitations, B.511 
yield pseudoplastic, C.573 elbow limitations, B.509, B.510 
Rigid braces, C.317 gasket thickness, B.519 
Rigid couplings, A.429, A.430, A.450, inspection, B.519, B.521 
A.455 maintenance, B.519, B.522 
maximum working pressure, A.432 maximum length, B.508, B.518 
support spacing, A.440, A.441 protection, B.518 
Rigid pressure, C.23 testing, B.519, B.520 
Ring stiffness constant (RSC), D.65 weld seam limitations, B.517 


Riser restraint, C.77 Runoff, C.701 
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Runoff coefficient, C.634, C.635, C.649 
Runout, C.685 

Rupture, B.57, C.543 

Rupture disk, A.462 


Sacrificial anodes, C.294, C.295 

Saddle flange, A.25 

Safe shutdown earthquake (SSE), B.161 

Safeguarding toxicity, C.535 

Safety, B.92, C.347 

Safety device, C.724 

Safety factor, C.662 

Safety gags, B.675 

Safety related, B.46 

Safety relief, C.108 

Safety relief valve, C.275, C.279, C.282 

discharge analysis, B.168 

Safety valves, C.90 

SAM (seismic anchor movement), B.167 

Sample connections, C.379 

Sample piping, A.25 

Sandblasting, B.508 

Sanitary drainage system, C.684 

Sanitary sewer, C.620, C.627, C.628, C.644, 
C.647, C.648 

Sanitary vent system piping, C.693 

Sargol, A.25 

Sargol and Sarlun joints, A.94 

Sarlun, A.25 

SAW (submerged arc welding), C.217, 
C.218 

Saybolt universal viscosity, B.384—B.387 

SCADA (supervisory control and data ac- 
quisition), C.234 

Scaling, C.39 

Scalloped, C.42 

Schedule, B.35 

Schedule number, A.25 

Scrapers, C.289 

Screwed joints, C.677, C.678 

Scrubbers, C.274 

Scupper, C.701 

SD (system description), B.7 

SDDR (supplier's deviation disposition re- 
quest), B.17 

SDR (standard dimension ratio), D.30 

Seal liquids, C.831 

Seam, B.530 

Seating stress, A.380 

Seat-leakage, A.528 

Secondary bank, C.814 

Secondary closures, B.626 

Secondary containment piping, B.570, B.635 

Secondary coolant, C.457 


Secondary coolants, C.504, C.505, C.506, 
C.507 

Secondary stress intensity, B.114 
Secondary stresses, B.109, B.110 
Sectional control valves, C.54 
Sediment accumulation, C.5 
Seismic, C.32 
Seismic analysis, B.161, B.190 
Seismic anchor movement (SAM), B.167 
Seismic integrity, C.68 
Seismic loadings, B.218 
Seismic loads, B.46 
Seismic zone, B.164 
Self venting line, B.446 
Self-excited vibration, B.50 
Self-regulating control, B.280 
Self-regulating heaters, B.246 
Self-regulating tracers, B.247 
Semihard rubber, B.530 
Semikilled steel, A.151 
Semisteel, A.25 
Semitrailer, C.446 
Sensitization, A.285, A.307 
Separations, B.500 
Separators, C.776, C.780, C.832 
Series piping, C.8 
Service cooling water systems, C.4 
Service factors, C.354 
Service fitting, A.25 
Service hot water, C.712, C.722 
Service life, C.534 
Service limits, B.113 
Service line valves, C.301 
Service lines, C.4 
Service stop valves, C.32 
Service testing, C.177 
Service water, C.5 
Set pressure, A.463 
Settlement, B.201 
Settling velocity, C.589, C.595 
Sewage pumping, C.659 
Sewer cleaning, C.664 
Sewer pipe, C.653 

joints, C.654, C.655 

materials, C.653, C.655 
Sewer rodder, C.664 
SFD (System flow diagram), B.7, B.10 
SFR (Start-up field report), B.18 
Shallow sewer, C.657 
Shape factor, B.109 
Sheet wrap, B.629 
Shelf aging, B.530 
Shelf life, B.530 
Shields for insulation, B.230 


INDEX 


Shop details, A.264, A.265 
Shore hardness, B.530 
Shot blasting, A.25 
Shutdown and restart, C.213 
Shutoff head, B.31, B.39 
SI (system international), B.359 
Sidewall area calculation, C.703 
Sidewall area, C.701 
SIF (stress intensification factor), B.119— 
B.142 
SIF approach, B.151 
SIF for reducers, B.147 
Sigmatization, A.165 
Significant new alternatives policy (SNAP), 
C.463 
Silencers, C.781 
Silicon, A.155 
Silting, C.5 
Simultaneous fusion, B.628 
Single-bevel, A.26 
Siphon system, C.5 
Siphonage, C.34, C.36 
Sizing run, C.289 
Sizing vent stacks, C.696 
Skelp, A.26 
Skin effect tracing, B.251 
Skive, B.515 
Skive butt seam, B.530 
Slack flow and control, C.604, C.605 
Slack-line, C.200 
Slag inclusion, A.26 
Slide gate, C.746 
Sliding stem, A.484 
Slip-coupling, B.630 
Slip-covering, B.629 
Slip on flanges, C.331, C.349 
Slip type joint, C.115 
Slope, C.643, C.685 
Slow closure, B.459 
Slug, B.355, C.731 
Sluice system, C.732, C.733 
Sluice valves, C.745, C.747 
Slurry, A.26 
centrifugal pumps, C.608 
diaphragm pumps, C.610 
hydrohoists, C.611, C.612 
instrumentation, C.615 
lined steel pipe, C.615 
nonferrous pipes, C.614 
piston pumps, C.609 
plunger pumps, C.610 
ponds, C.606 
pumps, C.607 
reciprocating pumps, C.609 
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Slurry (Cont.) 
storage, C.606 
tanks, C.606 
Slurry characteristics, C.571 
density, C.591 
flow characteristics, C.591 
suspension, C.571 
viscosity, C.573 
Slurry concentration, C.569, C.571 
Slurry flow behavior, C.568 
heterogeneous, C.568 
homogeneous, C.568 
intermediate regime, C.569, C.596 
saltation regime, C.569, C.596 
Slurry hydraulics, C.577 
Slurry pipe 
corrosion-erosion, C.601 
wall thickness, C.600 
Slurry piping, C.567, C.568 
instrumentation, C.615 
life of pump parts, C.613 
pump power, C.613 
selection of valves, C.613 
Slurry pipeline, C.598 
positive displacement system, C.570 
valves, C.613 
Slurry rheology, C.572, C.574 
SMYS (specified minimum yield strength), 
C.219 
S-N curve, A.134 
Sniffer, B.655 
Snow load, B.40, B.42-B.45 
Snubbers, B.233 
Sockolets, B.147 
Soil-friction, C.225 
Soil line, C.685 
Soil modulus, D.64 
Soil prism load, D.67 
Soil stiffness, D.62 
Soil stress, B.483 
Soldered joint, C.522, C.678 
Soldering, A.27, A.302, A.303, C.551 
Solid pour protection, C.110 
Solids throughput, C.568, C.599 
Solution heat treatment, A.27 
Solvation, D.47 
Solvent cement joint, A.27, C.682 
Solvent cementing, D.18, D.28 
Solvent flushing, B.241 
Sonic detector, B.674 
Sonic flow, C.275 
Source nipple, A.27 
Spacers, B.536 
Spark tester, B.530 
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Spatter, A.27 
Spatter loss, A.27 
Special thickness classes, C.673 
Specialty tubular product, A.258 
Specific enthalpy, B.352, B.369 
Specific entropy, B.353 
Specific gravity, A.27, B.384, B.530 
multiplier, C.858 
of liquids, E.90—E.100 
Specific heat, A.37, A.143-A.145 
Specific volume, A.27, B.531, C.462 
Specific weight, A.27 
Specification 
design, B.13 
erection, B.13 
procurement, B.13 
Spheroidizing, A.158 
Spigot ring, A.397 
Spills, A.332 
Split range, C.282 
Spray ponds, C.5 
Spray transfer, A.281 
Spring supports, B.231 
Square root-sum of squares (SRSS), B.167 
SSE (safe shutdown earthquake), B.161 
SSPC (Steel Structures Painting Council), 
A.237, B.512 
guides, A.237 
specifications, A.237 
Stability, B.492 
Stack, C.685 
Stacked, B.483 
Stack size, C.695 
Stack vent, C.695 
Stagnation enthalphy, B.352, B.369, B.441, 
B.442 
Stainless steel, A.27 
Stainless steel banding, B.347 
Stainless steel jacketing, B.347 
Standard air, C.756 
Standard atmosphere pressure, C.756, 
C.803 
Standard components, C.546 
Standard dimension ratio (SDR), A.27, 
C.675 
Standards (see Codes and Standards) 
bolting dimension, B.25 
dimensional, B.22 
pressure integrity, B.22 
Standpipe, B.462 
Standpipe systems, C.61 
Start-up field report (SFR), B.18 
Static analysis, B.164, B.171, B.173 
Static head, C.21, C.49 


Static head testing, B.652 
Static spark, B.531 
Static water pressure, C.712 
Station spacing, C.264 
Steam air decoking, C.369 
Steam companion piping, C.384 
Steam cure (open), B.531 
Steam distribution, C.125 
Steam distribution systems, C.86 
Steam hammer, B.171, B.459 
Steam header, C.92 
Steam heat tracing, B.242, B.244 
Steam leaks, C.115, C.116, C.117 
Steam systems piping, C.83, C.382 
Steam traps, A.80, A.81, A.82, C.112, 
C.113, C.383 
Steam velocities, B.393 
Steam working pressure (SWP), A.463, 
A474 
Steel, A.150 
austenite, A.152 
bainite, A.154 
cementite, A.153 
ferrite, A.153 
martensite, A.154 
pearlite, A.153 
Steel heat treating practices, A.157 
annealing, A.157 
hardening, A.158 
normalizing, A.158 
tempering, A.159 
Steel pipe, C.156 
Steel pipe making, A.245 
Steel Structures Painting Council (SSPC), 
A.237, B.512 
Stem packing, A.484, A.486, A.487 
Stem protector, A.485 
Stitching, B.531 
Stop valves, A.488 
Storage field stations, C.272 
Storage tank piping, C.370 
Storm sewer, C.620, C.649, C.652 
Storm water, C.701 
Storm water design, C.633 
Storm water inlets, C.657 
Straight lobe compressor, C.767 
Straight polarity, A.28 
Strain gauge, C.832 
Strainability, D.13 
Strainers, A.82, B.90, C.338, C.340 
clogged, C.50 
Strap on jacket, C.361 
Street pressure system, C.712 
Strength, C.25, C.345 


Stress, B.52 

Stress allowables, B.172 

Stress analysis, B.14, B.107 

Stress categories, B.108 

Stress corrosion cracking, B.483 

Stress intensification factor (SIF), B.119— 
B.142, B.147, B.151 

Stress intensity, B.108, B.109 

Stress limits, B.20 

Stress range, B.161 

reduction factors, B.118 

Stress relaxation, C.333 

Stress relieving, A.28, A.305, A.322 

Stress rupture test, A.138 

Stress-strain diagram, A.129 

Stringer bead, A.28 

Stroke, A.463 

Structural attachments, A.28, C.121 

Structural integrity, B.41 

Stud material, C.109 

Studbolts, A.366, A.367 

Stud-stretch, A.395 

Subcooled critical flow, B.439 

Subcooled liquid, C.398 

Subgrade reaction, B.201, B.205 

Submain sewers, C.627 

Submerged arc welding (SAW), C.217, 
C.218 

Subsonic flow, C.277 

Substitutional alloying elements, A.127 

Substrate, B.531 

Suction line, C.459 

Suction lines, C.470, C.471, C.472, C.473, 
C.474-C.487, C.502, C.516 

Suds pressure areas, C.693 

Suds relief vents, C.699 

Suds venting, C.695 

Sulfur, A.156 

Sump and ejector vents, C.699 

Sump locations, B.99 

Sump pump, C.112 

Superheated steam, B.457 

Superheated vapor, C.398 

Supervisory control and data acquisition 
(SCADA), C.234 

Supplemental steel, A.28 

Supplier’s Deviation Disposition Request 
(SDDR), B.17 

Support locations, B.219 

Support spacings, B.197—B.199, B.219, 
B.220, D.57, D.58, D.113, D.128 

Supporting, C.115 

Surcharged flow, C.640 

Surface coatings, B.677 
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Surface condensation, B.303 

Surface discontinuities, A.315 

Surface finish, A.389 

Surface force, B.456 

Surface preparation, B.531 

Surface resistance, B.289-B.292 

Surface retention, C.634 

Surge, C.190, C.228, C.230, C.275 

Surge control, C.37 

Surge pressure, C.230, D.52 

Surge tanks, C.38 

Sustained loads, B.134, B.138, B.143, B.144, 
B.159 

Sustained stresses, C.555 

Sustained working pressure, D.53 

Swaging, A.28 

Sway braces, C.317 

Sweating, C.518 

Swelling, B.531 

Swivel steel, A.28 

SWP (steam working pressure), A.463, 
A474 

Symbols, B.102 

System description (SD), B.7 

System flow diagram (SFD), B.7, B.10 

System pressure, C.821 


Tack, B.531 

Tack cement, B.531 

Tank relief valve, C.870 

Tape coating, C.292 

Tape wrapping, B.535 

Tapping, A.413, A.414 

TDH (total dynamic head), B.370 

TDR (timer-domain-reflectometry), B.637, 
B.638, B.641 

Tee joint, A.28 

Teflon, kel-F, C.453 

TEMA (Tubular Exchanger Manufacturers 
Association), A.237 

Temper embrittlement, A.160 

Temperature, A.35 

Temperature correction factor, C.760 

Temperature decay, B.160 

Temperature derating factor, B.145, D.56 

Temperature drop gradients, C.468 

Temperature profile, C.209 

Temperature rating, A.419 

Temperature resistant, C.6 

Temperature sensing, B.284 

Tempering, A.28 

Temporary strainers, C.48, C.49 

Tensile creep, D.34, D.35, D.36 

Tensile strength, B.531 
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Tension systems, A.393 
Termination fittings, B.578-B.579 
Test blind, B.667 
Test loads, C.531 
Test plugs, B.658 
Test pressures, B.662, B.663, B.664 
Testing, A.28, C.121, C.281, C.296, C.829, 
C.837 
Tetrafluoroethane, C.462 
Thermoplastic, A.29 
Thermal binding, A.494 
Thermal conductivity, A.139-A.143, C.429 
of pipe, C.429 
Thermal contraction, B.311 
Thermal effects, C.317 
Thermal expansion, A.143, A.442, B.118, 
B.136, B.184, B.203, B.311, C.30, C.32, 
D.114, D.115, D.129, D.133 
coefficient of, E.102—E.106 
contraction and, C.99, C.224 
Thermal expansion layout, B.623 
Thermal hydraulic gradient, C.213 
Thermal modes, B.159 
Thermal movement, B.185, B.186, B.187 
Thermal stress range, C.555 
Thermal temperature, B.57 
Therminol, B.323 
Thermoplastic, C.25 
Thermoplastic liner, B.535 
Thermoplastic piping, D.3 
Thermoplastic piping standards, D.6-D.11 
Thermoplastic valves, D.12 
Thermoset resin, D.145 
Thermosetting, C.25, D.3 
Thermosetting plastic, A.29 
Thermosiphon prime system, C.442 
Thinning, A.269 
Thixotropic liquid, A.29 
Thread depths, C.150 
Threaded connections, C.553, C.560 
Threaded flanges, C.331 
Threaded hangers, C.556 
Threaded joints, C.103, C.104, C.105, C.311, 
C.522 
Threading, A.98 
Threading and grooving, C.318 
Three layer coating, B.484 
Three-dimensional (3D), B.104 
Threshold limit, C.802 
Throttling, A.463 
Throttling and regulating, C.33 
Throttling valves, C.339 
Thrust blocking, C.39 
Thrust blocks, C.78 


TIC (total installed cost), B.75 

Tie gum, B.531 

Time history analysis, B.162 

Time in pipe, C.701 

Time of concentration, C.631, C.701 

Time temperature transformation (TTT), 
A.155 

Timer-domain reflectometry (TDR), B.637, 
B.638, B.641 

Tolerance, A.264 

Tons (kw) of refrigeration, C.461 

Torque calculations, A.391, A.392 

Torque procedure, A.392 

Torsional flexibility, C.528 

Total connected load, C.782 

Total dynamic head (TDH), B.370 

Total installed cost (TIC), B.75 

Toughness, A.131 

Toughness (ductility), B.57, C.25, C.345 

Toxic gases, C.812, C.821 

Toxic substance, C.712 

Toxicity, C.538 

Transfer coefficient, C.44 

Transformation range, A.29 

Transformation temperature, A.29, A.304 

Transient effects, C.315 

Transient flow, B.455 

Transient flow condition, C.37 

Transient pressure, A.398, B.33 

Transients, B.463, B.464 

Transition temperature, B.57 

Transition velocity, C.577 

Transmission factor, C.259 

Transmission lines, C.4, C.251 

Transportation gas service, C.843 

Trap arm, C.695 

Trapped air, B.671, B.653 

Traps, A.80, B.612, C.685, C.687 

Travelers, A.264 

Trench design, D.135, D.136 

Trepanning, A.29 

Tresca criterion, B.198 

Tributary area, C.701 

Tributary flow, C.622 

Trim, A.463 

Trunk sewer, C.620 

TTT (time temperature transformation), 
A.155 

Tube, A.29 

Tuberculation, B.470, C.29 

Tubing classification, A.257 

Tubular Exchanger Manufacturers Associa- 
tion (TEMA), A.237 

Tubular product classification, A.257 


INDEX 


Turbine bypass, C.91 

Turbine drains, B.97 

Turbine overspeed, C.125 

Turbine water induction, C.130 

Turbinizing, A.29 

Turbulent flow, A.29, C.241 

Two-phase flow, C.6, C.22, C.263, C.418, 
C.470 

Two-phase pressure drop, C.419 

Two-phase regime, C.398 

Tyler screen, C.594 

Types of gaskets, A.338-A.339, A.353, 
A355, A.358-A.361, A.363-A.365, 
A.371, A.375, A.384 

Tyton joints, A.116 


CC (durite), C.734, C.738, C.740-C.743 

.S. Department of Transportation 
(USDOT), C.392, C.446 

gine Sejournet Type Extrusion Process, 
A.249 

L (Underwriters Laboratories), A.238 

Itimate tensile strength, A.129 

Itra high purity (UHP), C.449, C.450, 
C.451, C.452, C.454, C.455, C.456 

Itra low flush (ULF), C.712 

Itrasonic examination of inspection, A.29 

Itraviolet screens or stabilizers, D.15 

nderbead crack, A.29 

ndercut, A.29, B.511 

nderground horizontal mains, B.617 

nderground lines, C.109 

nderground piping, B.200, C.125 

nderground steam lines, C.83 

nderground steam piping, C.83, C.86 

nderwater pipeline, C.243 

nified numbering system (UNS), A.169— 
A.172 

niform plumbing code, C.668 

nit gas systems, C.272, C.273 

nplasticized PVC (UPVC), D.18 

nrestrained lines, B.143 

nrestrained pipeline, C.223 

NS (unified numbering system), A.169- 
A.172 

nstable rupture, B.111 

nsupported spans, D.113 

nwin formula, C.95, C.126 

rethane, B.526 

rethane linings, B.484 

sable storage volume, C.712 

SAS, B.312, A.193 

se factor, C.785 

tility piping system, C.310 
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UVPC (unplasticized PVC), D.18 


Vacuum arc remelt (VAR), C.453 
Vacuum breaker, B.462, C.712, C.713 
Vacuum breaker valves, B.461 
Vacuum criteria, C.805 
Vacuum degassing process, A.246 
Vacuum exhausters, C.737 
Vacuum fundamentals, C.802 
Vacuum insulated cold boxes, C.435 
Vacuum insulated pipe (VIP), C.429, C.430, 
C.431, C.451 
Vacuum insulation, C.396, C.397 
Vacuum jacketed, C.361 
Vacuum pneumatic conveying system, 
C.736 
Vacuum pressure gauges, C.832 
Vacuum pump, C.831 
Vacuum pump exhaust sizing, C.838 
Vacuum relief valves, C.33 
Vacuum systems, C.728, C.730 
Vacuum testing, B.564, B.652 
Vacuum work forces, C.809 
VAF (Vertical arching factor), D.68, D.69 
Valve(s), B.85 
air relief, A.523 
ball, A.507—A.512 
bleeder trip, B.95 
butterfly, A.519—A.522, B.85 
check, A.499-A.507, B.86 
control, A.531—A.539, B.85 
diaphragm, A.516-A.519 
gate, A.490—A.496 
globe, A.496-A.499 
needle, A.499 
plug, A.512-A.515 
post indicator, B.100 
safety-relief, B.87 
stop check, A.502 
Valve alignment, C.49 
Valve losses, C.492, C.493 
Valve selection, C.32 
Valve softseal materials, C.342 
Valve spacing, C.228 
Valve standards, C.341 
Valves, C.492, C.547, C.739, C.822, C.833, 
C.862, C.870 
control, C.547, C.548 
gate, C.548 
isolation, C.547 
knife gates, C.745, C.746 
relief, C.549 
safety, C.549 
sluice valves, C.745, C.746 
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Valves wide open (VWO), C.84, C.98 
Van Stoning, A.29 
Vanadium, A.156 
Vapor, C.763 
Vapor barrier, B.59 
Vapor detection, B.645 
Vapor diffusion, B.309 
Vapor-equalizing valves, C.871 
Vapor phase, B.531, C.359 
Vapor pressure, A.30 
Vaporization, C.873, C.874, C.875, C.877, 
C.878 
Vaporized, C.439 
Vaporizer, C.871 
VAR (vacuum arc remelt), C.453 
Variable spring support, B.221, B.231 
Variations, B.32 
Veil, D.145 
Velocity flow meters, C.286 
Velocity heads, C.641 
Velocity profile, C.22 
Vent and drain piping, C.377 
Vent extension, C.695 
Vent header, C.695, C.700 
Vent stack, B.87, C.695 
Vent terminal, C.695, C.697 
Vented bonnet, C.427 
Vents and drains, B.90 
Venturi port, A.463 
Vertical arching factor (VAF), D.68, D.69 
Vertical casting, B.470 
Vertical position, A.30 
Vertical tube type, C.275 
Vibration, C.21, C.22, C.316 
Vibration loads, B.49 
Vinyl ester resin, D.86, D.87, D.145 
Vinyl tapes, B.486 
VIP (vacuum insulated pipe), C.429-C.431, 
C.451 
Virtual anchor, B.201 
Viscoelasticity, D.33 
Viscosity, A.30 
kinematic, A.18 
Vitrified clay pipe, C.656 
Volatile refrigerants, C.457 
Volumetric efficiency, C.488 
Vortex breaker, C.275 
Vulcanization, B.531 
VWO (valves wide open), C.84, C.98 


Wafer body, A.463 

Walk through tunnels, C.111 

Wall thickness, B.33, B.35, B.61, C.69 
Wall thrust, D.69 

Wantzel, B.406 


Washers, A.367 
Waste line, C.685 
Waste line discharge, C.689 
Waste of water, C.623 
Waste water, C.619, C.620, C.623, C.644 
Waste water flows, C.629 
Water column, C.694 
Water cooled, C.768 
Water damage, B.94 
Water demand, C.715 
Water fixture unit (WFU), C.669 
Water flow alarm, C.54 
Water flow velocities, B.373 
Water hammer, B.49, B.171, B.423, B.458, 
B.461, C22, C.37, C.38, C.229, C.317, 
C.712 
Water heater sizing, C.724 
Water heating methods and equipments, 
C.723 
Water mains, C.644 
Water meters, C.712 
Water migration, B.310 
Water mist systems, C.61 
Water pressures, C.32 
Water service piping, C.380 
Water slug, C.100 
Water systems, C.4 
Water tightness, C.663 
Water vapor in the air, C.759 
Water velocity, C.714 
Wave force, B.456 
Waxy and heavy crude oils, C.241 
Weather resistance, D.109 
Weathering, B.531 
Weave bead, A.30 
Weber number, B.422 
Wedge, A.463 
Weight analysis, B.178 
Weight balance, B.182, B.183 
Weight effects, C.99, C.316 
Weight loadings, B.46 
Weight of rainfall, C.708 
Weld design, A.285 
Weld joint factor, C.319 
Weld reinforcements, C.121 
Weld spatter, B.511 
Welded joints, C.681 
Welding, A.278-A.302 
arc welding, A.8 
automatic welding, A.9 
braze welding, A.9 
C dimension, A.287—A.289 
dissimilar metals, A.298 
EBW (electron beam welding), A.280 
face of weld, A.14 
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Welding (Cont.) 

FCAW (flux core arc welding), A.280, 
A.282 

filler metal, A.14 

filler metals, A.282 

fillet weld, A.14 

fire hazard, A.14 

flat-land bevel, A.14 

flat position, A.15 

flux cored arc welding (FCAW), A.15 

forge weld, A.15 

full-fillet weld, A.15 

gas tungsten arc welding, A.15 

GMAW (gas metal arc welding), A.15, 
A.279, A.281, A.282 

GMAW root weld, A.294 

groove weld, A.16 

GSAW (gas shielded arc welding), A.281 

GTAW (gas tungsten arc welding), A279, 
A.281 

GTAW root weld, A.293 

hammer weld, A.16 

horizontal position fillet weld, A.17 

horizontal position groove weld, A.17 

internal misalignment, A.287 

interrupted welding, A.18 

lap weld, A.19 

machine welding, A.19 

manual welding, A.19 

normalizing, A.20 

nozzle connections, A.292 

oxyacetylene welding, A.21 

oxyfuel gas welding (OFGW), A.21 

personnel qualification, A.280 

position weld, A.22 

POR (procedure qualification record), 
A.279 

processes, A.280 

PWHT (post weld heat treatment), A.22 

reinforcement weld, A.23 

resistance weld, A.23 

root pass, A.293 

SAW (submerged arc welding), A.280 

seal weld, A.25 

semiautomatic arc welding, A.25 

shield metal arc welding (SMAW), A.25 

SMAW (shield metal arc welding), 
A.279, A.280, A.283 

socket weld, A.26 

square-groove weld, A.27 

submerged arc welding, A.28 

tack weld, A.28 

throat of a weld, A.29 

toe of weld, A.29 


Welding (Cont.) 
weld, A.30 
weldability, A.30 
weld bead, A.30 
welded joint, A.30 
welder, A.30 
welder performance qualification, A.30 
welding current, A.31 
welding fittings, A.31 
welding generator, A.31 
welding machine, A.31 
welding operator, A.31 
welding procedure qualification record, 
A.31 
welding procedure, A.31 
welding procedure specification (WPS), 
A.31, A.279 
welding rod, A.31 
welding sequence, A.31 
weld metal area, A.30 
weld penetration, A.30 
weld-prober sawing, A.30 
WPO (welding/welder operator qualifica- 
tion), A.280 
weld reinforcement, A.30 
Welding alignment, C.348 
Welding research council (WRC), B.151 
Weld-neck flanges, C.552 
Weldolets, B.147 
Weld-wrap assembly, B.628 
Wet chemical systems, C.61 
Wet gas, C.844 
Wet pipe, C.54, C.55, C.56 
Wet vent, C.695, C.698 
WFU (water fixture unit), C.669 
Wind load, B.40 
Wind loading, B.176, C.531 
Wind loads, B.175 
Wind produced vortices, C.316 
Work, A.33 
Working pressure, A.398, C.64 
Woven roving, D.145 
Wrought aluminum alloys, A.176, A.177 
Wrought copper materials, A.173 
Wrought iron, A.31 
Wye connection, B.146 
Wye strainers, A.83 


Yield strength, A.129 
Yoke, A.463, A.485 

Yoke bushing, A.463, A.488 
Young’s modulus, A.128 


Zerotropic mixtures, C.465 
Zone heaters, B.248 


